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PEEFACE 

TO 

THE      SEVENTH      EDITION. 


This  DionoNART  of  Arts,  Manitfaotubbs,  and  Mines  passed  through 
four  Editions  during  the  lifetime  of  Dr.  Andrew  IJre  ;  and  this  is  the 
third  Edition  which  has  been  required  hj  the  public,  since,  in  1858,  it 
was  committed  to  mj  care. 

These  volumes  have  received  the  same  unrelaxing  attention,  to 
every  detail,  which  was  bestowed  upon  the  previous 'Editions,  and 
which  secured  for  them  the  confidence  of  the  manufacturer,  the 
miner,  the  metaQiirgist,  and  the  general  public. 

Every  division  of  the  Arts,  eacb  special  process  of  Manufacture, 
and  all  the  branches  of  Mining,  have  been  most  cautiously  examined, 
and  such  improvements,  as  have  been  proved  to  be  of  real  utility^ 
'  have  been  recorded  in  all  necessary  detail  This  has  led  to  an  increase 
in  the  size  of  the  volumes,  to  the  rejection  of  many  articles  which 
had,  with  the  progress  of  advancing  knowledge,  become  obsolete,  and 
to  the  curtailing  of  others  which  were  of  less  importance  than  the 
new  ones  which  it  was  necessary  to  introduce.  The  more  important 
article  have  been,  for  the  most  part,  rewritten,  and  all  of  them 
subjected  to  a  critical  revision,  while  many  entirely  new  articles  have 
been  introduced.  It  is  needless  to  particularise  these,  since  the  most 
hasty  comparison  between  the  volumes  of  the  last  Edition,  and  those 
of  the  present  one,  will  at  once  render  the  new  and  the  amended 
articles  sufficiently  obvious. 
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The  type  for  the  whole  of  the  work  has  been  entirely  reset,  and 
ly  two  hundred  woodcut  illustrations  have  been  added. 


vl  PREFACE  TO 

The  list  of  contribntors  will  show  to  whom  we  are  indebted  for  the 
technical  articles  which  distingniflh  this  Dictionary ;  and  the  articles 
themselyes  will  give  evidence  of  their  having  been  treated,  in  all  cases, 
by  men  who  are  thoronghly  experienced  in  the  processes  which  they 
have  described.  When  the  initial  letters  at  the  end  of  the  articles  do 
not  indicate  the  authors  of  them,  I  am  directly  responsible  for  them. 
In  a  work  treating  of  the  nse^  appHcations  of  Science,  it  became 
necessary  to  introduce  such  portions  of  those  sciences,  which  have 
been  economically  useful  to  man,  as  would  render  the  processes 
described  sufficiently  intelligible  to  all  readers,  and  show  the  aid 
which  has  been  rendered  by  scientific  enquiry.  Therefore,  several 
divisions  of  Physics,  Chemistry,  Geology,  and  Mineralogy,  are  suc- 
cinctly dealt  with.  Of  Chemistry,  it  should  be  remarked,  that  the 
veiy  rapid  advances  of  discovery  in  that  science,  have  involved  a 
revolution  in  the  mode  of  viewing  the  constitution  of  bodies,  and 
necessitated  the  construction  of  a  new  mode  of  expressing  that 
constitution.  During  the  transition  period,  there  naturally  arises 
much  difficulty  in  determining  with  exactness  the  formulsB  which 
shall  correctly  express  the  composition  of  a  compound.  This  natural 
difficulty  has  been  aggravated  by  the  unfortunate  introduction  of 
hypothetical  views  respecting  the  constitution  of  compounds,  and  the 
creation  of  systems  of  notation  which  are  constantly  liable  to  some- 
what oapricions  alteration.  As  this  Dictionary  is  for  the  use  of  a 
public  which  cannot  be  expected  to  be  acquainted  with  each  change 
in  the  views  entertained  by  the  different  schools  of  Chemistry,  it  has 
been  thought  desirable  to  retain  the  formulsa  with  which  they  have 
been  long  familiar,  and  to  give  in  another  (black)  type  the  formulsa 
which  have  been  adopted  by  most  modem  chemists. 

It  will  be  observed  that  in  some  cases  the  Imports  and  Exports  of 
productions  used  in  the  Arts  or  Manufactures,  which  were  given  in  the 
former  Editions,  do  not  appear  in  the  present  one.  This  arises  from 
the  impossibility  of  obtaining  them:  the  Custom  House  authorities 
now  entering  a  large  number  of  articles  under  the  head  of  *  IJnenume- 
rated,'  which  were  formerly  given  in  detaQ.  This  is  much  to  be 
regretted,  since  it  removes  the  power  of  tracing  the  progress  of  the 
special  use,  or  industry,  to  which  the  article  in  question  belongs. 

To  all  those  gentlemen  who  have  favoured  me  with  oontribntions  my 
best  thanks  are  due.  I  have,  however,  to  express  my  obligations  more 
especially — ^to  Mr.  Hiooin,  whose  article  on  'Calico  Printing'  gives  a 
more  satis&ctory  description  of  that  industry  than  any  other  to  be 
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fonnd  in  any  language ;  to  Mr.  Hjlary  Bauerman,  wlio  has  brought 
the  articles  *  Iron  '  and  *  Steel '  up  to  the  most  recent  date,  and  to  a 
condition  of  great  completeness ;  and  to  Mr.  John  Darlington,  who 
has  submitted  to  a  complete  revision  all  the  articles  connected  with 
Mining.  Of  the  latter  it  may  be  safely  said,  that  they,  taken  collec- 
tively, form  a  description  of  the  modes  of  obtaining  and  of  preparing 
the  useftil  minerals  for  the  market  such  as  is  not  to  be  found  in  any 
other  work  in  the  English  language. 

My  obligations  to  Mr.  P.  W.  Rudler,  who  has  assisted  me  in  my 
heavy  labours  of  producing  these  volumes,  are  great.  During  a  period, 
when  the  disturbed  condition  of  my  health  rendered  it  even  dangerous 
for  me  to  give  any  prolonged  fixed  attention  to  the  Dictionary,  that 
gentleman,  with  almost  enthusiastic  zeal,  devoted  his  best  energies  to 
the  tedious  details  of  the  work,  and  gave  me  all  the  advantages  of  his 
general  and  exact  knowledge. 

With  the  aid  that  has  been  received,  and  the  attention  which  has 
been  bestowed  on  this  work,  I  feel  that  it  may  with  confidence  bo 
commited  to  the  public,  believing  that  it  wiU  be  found  a  useful  guide 
in  all  those  indnstries  which  are  connected  with  the  Arts,  Mannfac- 
tares,  and  Mines. 

ROBERT    HUNT,  F.R.S. 
AprU  27,  1875. 
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Omissions. 

Page  157  insert  AIRXAMZWB.    See  Watte's  *  Dictionary  of  Chemistrj; 

203      „      AMA.OMM,    A  natural  order  of  monocotyledonoui  plants,  to  which 

the  genus  Arum  g^yes  the  name. 
1008      t»      OO'Vr  TBSa.    The  milk  tree  of  Demerara. 
''  ^"      CRAB  OX&.    An  oil  obtained  in  South  America,  from  the  seed  of 

the  Carapa  GuinanensU. 


Errata 

P.  622,  line  27,  for  6  pinU  caustic  acid  read  6  pinto  caustic  soda 
„    668,    „    61,    „    80<»  T.  read  30*>  T. 


Walton),  besides  a  few  tanned  buffiJo  hides  and  skins,  are  8,000  to  12,000  pieces  of 
light  sail-cloth,  and  200,000  lbs.  of  assorted  abaca  cordage. 

ABZCBXTB.  An  arsenate  of  copper  found  occasionally  in  the  cop^  mines  of 
Cornwall  and  of  the  Hartz.  It  usually  consists  of  64  per  cent  of  protoxide  of  copper 
and  30  per  cent,  of  arsenic  acid,  with  water. 

/l»T»g  (in  Botany),  The  fir ;  a  genus  of  trees  which  belong  to  the  coniferous  order. 
These  trees  are  well  Imown  from  their  ornamental  character,  and  for  the  valuablo 
timber  which  they  produce.  They  yield  sereral  resins  or  gum-resins,  which  are 
useful  in  the  arts. 

Abies  Balsambju  The  Balm  of  Gilead  fir.  It  is  a  native  of  Canada  and  Nora 
Scotia;  it  produces  the  Canada  Balsam.  This  elegant  tree  grows  most  abundantly 
in  the  colder  regions  of  North  America.    (See  Cakada  Bai^ah). 

Abies  Cxdbtjs  (Ckdrtu  Libaniy,  The  Cedar.  It  is  a  native  of  Mount  Lebanon 
and  the  range  of  Mount  Taurus.  Cedar  wood  is  said  to  be  very  indestructible,  and 
its  wood  is  used  in  the  manufacture  of  ornamental  boxes,  on  account  of  its  odour.  See 
Cbdab  Wood. 

Abus  Excblsa  of  Be  Candolle  (Pinus  dbies  of  Linnaeus).  The  Norway  Spruce  fir, 
QC  Dantde  Deal,  a  natire  of  Germany,  Bussia,  Norw^,  and  other  parts  of  Northern 
Ebm^ML  It  Tields-a  resinous  exudation  known  as  Frankincense  or  Thus,  whilo  the 
vood  forms  toe '  White  Deal '  of  the  carpenter.    The  well-known  Burgundy  Pitch  is 

VouL  B 
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Omissions. 

T>«,»^  1  ^7  i»»firt  ^WTXdLMXWB.    See  Watts's  *  Dictionary  of  Chemistrj.* 

Page  Ug  insert  j™]^™^^^  ^^der  of  monocotyledonou.  plants,  to  which 

"  *'  the  genus  Arum  pves  the  name. 

TBSa.    The  milk  tree  of  Demerara. 

OXXi.    An  oU  obtained  in  South  America,  from  the  seed  of 

the  Carapa  Gumanensis. 


htklnnennar  fn   Mia.  tbthuut^um    a*  nuktiAma*  awIaw        UimxTm 


Errata 


P.  622,  line  27,  far  6  pints  caustic  acid  read  6  pints  caustic  soda 
„    668,    „    5J,    „    80°  T.  read  30*^  T. 


Walton^  besides  a  few  tanned  buffi&lo  hides  and  skins',  are  8,000  to  12,000  pieces  of 
light  sail-cloth,  and  200,000  lbs.  of  assorted  abaca  cordage. 

ASXCBXra.  An  arsenate  of  copper  found  occasionally  in  the  copper  mines  of 
Cornwall  and  of  the  Harts.  It  usually  consists  of  54  per  cent  of  protoxide  of  copper 
and  30  per  cent,  of  arsenic  acid,  with  water. 

/I»T^^  (ff»  Botany),  The  fir ;  a  genus  of  trees  which  belong  to  the  coniferous  order. 
The«e  trees  are  well  Imown  from  their  ornamental  character,  and  for  the  yaluablo 
timber  which  they  produce.  They  yield  sereral  resins  or  gum-resins,  which  are 
useful  in  the  arts. 

Abies  Balsamba.  The  Balm  of  Gilead  fir.  It  is  a  native  of  Canada  and  Nora 
Scotia ;  it  produces  the  Canada  Balsam.  This  elegant  tree  grows  most  abundantly 
in  tbe  colder  regions  of  North  America.    (See  Canada  Bai^ah). 

Abibs  Cxdbtjs  (Oedrtu  Libani^,  The  Cedar.  It  is  a  native  of  Mount  Lebanon 
and  the  xange  of  Mount  Taurus.  Cedar  wood  is  said  to  be  very  indestructible,  and 
its  wood  18  used  in  the  manufacture  of  ornamental  boxes,  on  account  of  its  odour.  See 
Cbdab  Wood. 

Abibs  Excblsa  of  Be  CandoUe  (Pinus  dbies  of  Linnaeus).  The  Norway  Spruce  fir, 
or  JOantBC  Deal,  a  native  of  Germany,  Russia,  Norw^,  and  other  parts  of  Northern 
Sbrope.  It  vields-a  resinous  exudation  known  as  Frankincense  or  Thus,  while  the 
wood  forms  the  *  White  Deal '  of  the  carpenter.    The  well-known  Burgundy  Pitch  is 
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ARTS,  MANtJFACTURES,  AND  MINES. 


x*««oo- 


A  red  dye  used  in  CentiKil  India  for  imparting  a  permanent  colour  to  the 

natire  cotton  cloth.  It  is  yielded  by  the  roots  of  the  Morinda  eitrifoUat  a  small  tree 
belonging  to  the  Bubiaoea,  or  madder  order.  Professor  T.  Anderson  has  obtained 
firom  t^e  aal  root  a  pale  yellow  cryst^line  substance  -which  he  calls  morindin,  and 
this  when  subjected  to  distillation  yields  a  crystalline  sublimate  termed  morindone. 
It  has  been  found  that  this  morindone  is  identical  with  alisarine,  one  of  the  colouring 
principles  of  madder;  and  it  is  coi^ectored  that  the  morindin  may  correspond  with 
ruberythric  add. 

JkMJk.    A  woollen  stuff  manufacture  in  Turkey. 

ABACA.  A  species  of  fibre  obtained  in  the  Philippine  Islands  in  abundance. 
Some  authorities  refer  those  fibres  to  the  palm-tree  Imbwn  as  the  Abaca,  or  Jnisd 
textUiB.  There  seem,  indeed,  to  be  several  well-known  yaricties  of  fibre  included 
under  this  name,  some  so  fine  that  they  are  used  in  the  most  delicate  and  costly 
textures,  mixed  with  fibres  of  the  pine-apple,  forming  Pina  muslins  and  textures  equal 
to  the  beet  muslins  of  BengaL  Of  the  coarser  fibres,  mats,  cordage,  and  sail-cloth  are 
made.  M.  Duchesne  states  that  the  well-known  fibrous  manufactures  of  M^willA.  hare 
led  to  the  manufacture  of  the  fibres  themselves,  at  Paris,  into  many  articles  of  furniture 
and  dress.  Their  brilliancy  and  strength  give  remarkable  fitness  for  bonnets,  tapestry, 
ca]^>6t8,  network,  hanmiocks,  &c  The  only  manufactured  articles  exported  from  the 
Philippine  Islands^  enumerated  by  Thomas  de  Comyn,  Madrid,  1820  (tiansl.  by 
Walton^,  besides  a  few  tanned  buffitlo  hides  and  skins,  are  8,000  to  12,000  pieces  of 
light  sail-doth,  and  200,000  lbs.  of  assorted  abaca  cordage. 

AaxCBZTB.  An  arsenate  of  copper  found  occasionally  in  the  copper  mines  of 
Cornwall  and  of  the  Harts.  It  usually  consists  of  54  per  cent  of  protoxide  of  copper 
and  80  per  cent,  of  arsenic  acid,  with  water. 

ABTB8  (in  Botany),  The  fir ;  a  genus  of  trees  which  belong  to  the  coniferous  order. 
These  trees  are  well  Imown  from  their  ornamental  character,  and  for  the  valuable 
timber  which  they  produce.  They  yield  several  resins  or  gum-resins,  which  are 
useful  in  the  arts. 

Abies  Balsamba.  The  Balm  of  Gilead  fir.  It  is  a  native  of  Canada  and  Nova 
Scotia;  it  produces  the  Canada  Balsam.  This  elegant  tree  grows  most  abundantly 
in  the  colder  regions  of  North  America.    (See  Canada  Balsam). 

Anns  CxDBUS  (Oedrtu  Libani^.  The  Cedar.  It  is  a  native  of  Mount  Lebanon 
and  the  range  of  Mount  Taurus.  Cedar  wood  is  said  to  be  veiy  indestructible,  and 
its  wood  is  used  in  the  manufacture  of  ornamental  boxes,  on  account  of  its  odour.  See 
Cedab  Wood. 

Abibs  JSxcblsa  of  Be  Candolle  {^nus  abies  of  Linnseus).  The  Norway  Spruce  fir, 
or  JXintsicBeal,  a  native  of  Germany,  Bussia,  Norw^,  and  other  parts  of  Northern 
Bnrope.  it  vields-a  resinous  exudation  known  as  Frankincense  or  Thus,  wUle  the 
vood  forms  tae '  White  Deal '  of  the  carpenter.    The  well-known  Burgundy  Pitch  is 
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prepared  from  the  resin  obtained  from  this  tree.     See  Bubovkst  Fxtch;  Faikx- 

IXCBKSB. 

Abibs  Lasix  (Larix  europaa).  The  Common  Larch,  producing  the  Venice  Tnrpen- 
tine,  and  a  manna  called  Bnan9on  Manna  which  exudes  from  the  leaves.    See  Vbkicb 

TnBFBMTINB. 

Abibs  Nigba.  The  Black  Sproee  fir,  indigenous  to  the  most  inclement  regions  of 
North  America.  A  considerable  quantity  of  the  essence  of  spruce  is  extracted  from 
the  young  branches  of  this  tree ;  it  is,  nowever,  also  obtained  from  other  varieties  of 
the  spruce  fir.    See  Spbttgb  Essbncb. 

Abibs  Ficba  of  Linnseus  (Abies  peciinata  of  De  CandoUe).  The  Silver  fir,  pro- 
ducing the  true  Strasbuig  turpentine.    See  Tussmrmm, 

Of  the  woods  of  these  trees  the  following  quantitieB  were  imported  in  1871 : — 


EewnFir. 

Value 

Loads 

£ 

From  Russia 

.    187,619 

878,676 

,f     Sweden         •       •        • 

.    228,980 

398,326 

n     Norway 

.    226,197 

862,837 

„     Qeimany      ... 

.    297,683 

682,489 

„    France 

.      67,641 

60,121 

„     United  States  of  America 

•    109,630 

864,487 

„     British  North  Americi^ 

.    843,271 

1.319,174 

„     Other  Countries   «        • 

.        2,700 

6,732 

Total  . 

.  1,468,671 

8,661,792 

Sawn  or  Splii,  lianed  or  Dressed,  Fir. 

PxomBussia         •       •       • 

•    479,676 

1,166,870 

„     Sweden 

.    906,280 

1,913,367 

„     Norway        •        .        , 

•    436,408 

924.767 

„     G^ermany 

„     United  States  of  Amenca 

.      69,767 

137,383 

•      37,847 

121,909 

„     British  North  America 

.    692,824 

1,809,199 

„     Other  countries    .        • 

4,173 

8,777 

Total  • 

.  2,616,863 

6,071,262 

This  hydrocarbon  is  the  product  of  distillation  of  the  terobin- 
thinate  exudation  of  a  coniferous  tree  indigenous  to  California,  viz.,  the  Pintts 
sabimanat  a  tree  met  with  in  the  dry  sides  of  the  foot  hills  of  the  Sierra  Nevada 
monntuns,  and  locally  known  as  the  nut-pine  or  digger-pine,  on  account  of  the  edible 
quality  of  its  fruit  A  gum  resin,  or  rather  balsam,  is  obtained  from  this  tree  by 
incisions  made  in  its  wood,  and  the  balsam  is  submitted  to  distillation  almost  imme- 
diately after  it  has  been  collected,  owing  to  the  great  volatilitv  of  the  hydrocarbon 
(or  essential  oil,  because  abietene  really  stands  in  the  same  relation  to  tne  balsam 
alluded  to,  as  oil  of  turpentine  stands  to  the  exudation  derived  from  other  species 
of  Ptntw).  The  crude  oil,  as  usually  met  with  for  sfde  at  San  Francisco,  is  a  oolouriess 
limpid  fluid,  requiring  only  to  be  i>sdistilled  to  obtain  it  quite  pure.  The  commercial 
article  is  used  under  different  names,  abietene,  erasine,  theoline,  ^,  for  the  removal 
of  grease  and  paint  from  clothing  and  woven  fabrics,  and  likewise  as  an  efficient 
substitute  for  petroleum-benzine.  Pure  abietene  is  a  colourless  fluid,  possessing  a 
strungly  penetrating  odour,  bearing  some  resemblance  to  oil  of  oranges ;  sp.  gr.  at 
16'6**  =  0*694:  it  is  very  volatile,  highly  combustible,  burning  with  a  brilliant  white 
smokeless  flame,  almost  insoluble  in  water,  and  soluble  in  6  parts  of  alcohol  at  96  per 
cent  Abietene  is  not  acted  upon  by  diy  hjjdrochloric  acid  gas  nor  by  nitric  acid  ^sp. 
gr.Bl*43)  in  the  cold,  but  heat  being  applied,  a  slight  reaction  takes  place ;  neitner 
concentrated  sulphuric  add  nor  potassium  acts  upon  this  hydrotcarbon ;  when  treated 
with  chlorine,  abietene  is  oonvezted  into  fluid  of  the  consistency  of  glycerine,  insoluble 
in  water,  colourless,  soluble  in  warm  alcohol,  and  having  a  sp.  gr.  ->  1*666.  Abietene 
readily  dissolves  iodine  and  bromine,  and  is  a  powerful  solvent  for  fixed  and  volatile 
oils,  castor  oil  excepted,  and  also  Peruvian  balsam  and  Canada  balsam ;  castor  oil  is 
absolutely  insoluble  in  abietene,  while,  curiously  enough,  the  last-named  substance  is 
dissolved  by  castor  oil  to  some  extent  When  burned  in  an  ordinary  spirit-lamp  with 
not  too  largo  a  flame,  a  brilliant  white  light  is  obtained  without  smoke :  the  vapour  of 
abietene  is  a  powerful  ansesthetic  when  inhaled,  and  it  has  been  used  with  success  as 
an  insecticide  against  moths,  &;c,  when  sprinkled  in  closed  receptacles. 

AMXMTIMm    A  pale  yellow,  transparent^  viscid  exudation  from  the  Abies  pieea, 
^t  contains  36  per  cent  of  a  volatile  oil  of  an  agreeable  smell,  combined  with,  a 
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ACACIA  8 

lenn,  and  a  sinall  qtiantity  of  the  acid  of  amber,  as  well  as  the  poetdiar  body  called 
abieiin. 

AB^BTTgf  or  ABTili,  is  a  name  given  to  several  species  of  fish,  but  particolarlj 
to  the  Bleak,  the  scales  of  which  are  employed  for  making  the  pearl  essence  which  is 
used  in  the  mannfactore  of  artificial  pearls.    See  Peabls,  Abtificial. 

AB&A8ZOV.  The  figoration  of  materials  by  wearing  down  the  surface.  In 
general,  the  abrasive  tool  or  grinder  is  exactly  a  counterpart  of  the  form  to  be  pro- 
duced ;  thus,  for  plane  surfaces  a  fiat  grinder  is  employed,  and  for  concave  surfaces  a 
convex  grinder. 

AMaJLXm,  8AX1T8  {{Ahraumealze,  Ger.,  *  Salts  to  be  removed').  Towards  the 
upper  part  of  the  great  salt  deposits  now  extensivelv  worked  at  Stassfurt,  in  Prussia, 
the  chloride  of  sodium  becomes  largely  mixed  with  certain  salts  of  potassium  and 
magnesium,  representing  the  more  soluble  compounds  which  remained  dissolved  in 
tiie  mother  liquor  after  the  greater  part  of  the  chloride  of  sodium  had  been  separated 
by  crystallisation.  These  mixed  salts  were  formerly  regarded  as  worthless,  and  were 
hence  tanned  AbrammsaUe.  Indeed  the  workings  at  Stassf^urt  having  been  originally 
undertaken  with  the  view  of  procuring  common  rock-salt,  it  was  naturally  considered 
unprofitable  to  bore  through  the  tUck  beds  of  impure  salt  before  reaching  the 
underlying  deposit  of  purer  chloride  of  sodium.  The  mgh  commercial  value  of  these 
so-called  Abraumsalee  is  now,  however,  fuUv  recognised ;  and  at  the  present  time 
they  are  employed  on  a  very  large  scale  for  the  production  of  chloride  of  potassium. 
In  addition  to  the  rock  salt,  the  chief  constituents  of  the  AbraufneaUe  are  the 
minerals  known  as  CkimaUitt,  a  double  chloride  of  potassium  and  magnesium ;  Sylmnet 
or  chloride  of  potassixmi ;  and  Kuserite,  or  sulphate  of  magnesia.  Similar  deposits 
of  salts  are  worked  at  Ealucz,  in  Hungary.    See  Potabsiux,  Chlobidb  of. 

AMMXrs  PBSCATO&ZA.  The  seeds,  often  strung  together  as  rosaries  and 
necklaces,  are  well  known  as  *  Prayer  Beads.'  They  are  of  a  brilliant  scarlet  colour, 
with  a  black  spot  on  one  side,  ana  are  hence  termed  *  Crabs'  ^es.'  In  India,  they 
are  used  by  druggists  and  jewellers  as  weights,  the  seeds  weighing  uniformly  about 
one  grain  eadi.    The  Abrue  belongs  to  the  LeguTninosa,  or  Pea-order. 

AliBHITa«  A  liquor  flavoured  with  wormwood  {Artemeeia  absinthium^  Natural 
Order  CompoaUm)  and  other  species  containing  the  bitter  principle  termed  absinthme. 
To  prepare  absinth  the  leaves  and  flower-heads  of  the  wormwood  are  steeped  in  spirit 
somewhat  above  *  proof'  for  several  days,  with  other  aromatic  and  stimulant  herbs — 
such  as  angelica  root,  Calamus  aroTnoHous,  aniseed,  dittany  leaves  and  wild  marjoram. 
The  liqaid  is  then  distilled,  and  the  green  essence  thus  obtained  is  mixed  with  certain 
aromatw  eztraetB.  A  brilliant  tint  is  obtained  by  the  use  of  indigo  and  other 
vegetable  colouring  matters :  sulphate  of  copper  is  said  to  have  been  employed  for 
thu  purpose ;  and  it  is  also  asserted  that  the  liquor  is  occasionally  adulterated  with 
chloride  of  antimony  in  order  to  produce  a  characteristic  milkiness. 

Abflinth  is  largely  prepared  in  Switzerland,  especially  in  the  canton  of  Keufch&tel ; 
and  indeed  the  strongest  liquoi^  is  often  known  m  trade  as  *  Swiss  absinth,'  though  it 
may  not  have  been  prepared  in  Switeerland.  Of  late  years,  it  has  been  drunk 
immoderately  in  Prance,  and  large  quantities  are  also  consumed  in  America.  Certain 
French  phjrsiologists  have  alleged  that  the  essential  oils  in  absinth  act  as  an  eneigetic 
poison,  especially  afifecting  the  nervous  system;  other  authorities  attribute  the 
injurious  effects  of  absinth-drinking  to  the  Calamus  aromoHcus  said  to  be  used  in  its 
preparation ;  whilst  others  again  maintain  that  the  effects  are  merely  those  which 
follow  the  loi^-continued  use  of  any  strong  alcoholic  liquor — excepting,  of  course,  the 
poisonous  action  of  any  copper-salts  i^ch  may  be  present  in  adulterated  absinth. 

AaTBSZWXAV  CMIIA.  A  yellow  metal  of  a  fine  colour  if  properly  prepared. 
It  is  an  alloy  of  90*74  parts  of  copper  and  8*38  of  zinc.  The  ingot  is  plated  on  one 
side,  with  a  thin  plate  of  gold,  and  it  is  then  rolled  out  into  sheets,  ftom  which  articles 
of  jewellery  are  formed  in  the  usual  way.  The  gold  on  the  articles  as  sold  varies  from 
0*03  to  1*03  per  cent  This  is  also  known  as  Talmi  gold.  The  term  Abyssinian  Gold 
is  sometimes  applied  in  trade  to  Aluminium  Bronze.    See  ALtncnmnc  Bsokze. 

AXiACEJL*  (Lat  ococio,  a  thorn ;  Gr.  A«c^,  a  point).  The  acacia  is  a  very  extensive 
genus  of  trees,  or  shrubby  plants  belonging  to  the  Legwmnosat  or  Pea-order.  The 
acacias  inhabit  the  tropi<»l  regions  generally,  but  extend  in  some  instances  into  the 
temperate  zone;  being  found,  for  example,  in  Australia  and  the  neighbouring 
islands.  Botanists  are  acquainted  with  neariy  800  species  of  the  acacia,  some  of 
Uiem  yielding^nn  arabio  and  other  gums  known  in  commerce ;  while  others  give  a 
laige  quantity  of  tannin,  especially  a  species  which  grows  in  Van  Diemen's  Land  or 
Tasmania.  The  Acacia  vera  is  a  native  of  Arabia  and  of  Africa  from  Senegal  to 
Elgypt ;  the  A,  Arabica  is  found  in  the  same  countries  and  in  India ;  Uie  A,  Karoo 
belongs  to  the  Cape  of  Good  Hope,  producing  the  Cape  gum ;  A.  gumm\fera  is  chiefiy 
found  in  Africa  near  Mogador    A.  Begal  in  Senegambia;  A»  toriilis  grows  in  the 
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Desert,  as  does  also  A.  Ehrmbergn,  their  gams  bang  collected  by  tlie  Bedouin  Arabs ; 
and  A,  Senegal  grows  in  Arabia  and  Africa,  firom  Senegal  to  the  Gape  of  Good  Hope. 
See  Ababio,  Gum  ;  Gvic 

AOAOXA  OATBOBir.  The  catechu  acada  {MimoBa  catechu  of  linnseus)  is  a 
tree  with  a  moderately  hi^^  and  stout  stem,  growing  in  mountainous  places  in  Tarious 

E.rts  of  India.  Its  unripe  pods  and  wood,  "bj  decoction,  yield  the  catechu.  This 
nd  of  catechu  is  known  under  the  name  of  Kutch  or  Gutcn,  and  must  not  be  con- 
founded with  the  official  catechu  {Catechu  pallidum).  This  catechu  is  imported  in 
laige  masses  of  1  cwt  and  upwards.  It  is  used  in  the  preparation  of  some  leathers 
and  by  dyers.    See  Catbchv. 

ACACnr.    A  name  for  common  Gum  Arabic 

iLCJkJOV  (BOIS  B').    The  French  name  for  mahogany.    See  MAHooimr. 

AOABOTD  SB8ZV.  A  resin  sometimes  called  Botany  Bay  resin,  produced  by 
a  liliaceous  tree  growing  in  New  Holland.  It  contains  bensoic  and  cinnamic  adds, 
which  give  it,  espeoiallT  when  burnt,  a  grateM  odour. 

JLOmBCMMTm  Substances  whidi  haTe  a  tendency  to  pass  into  an  add  state ;  as 
an  infusion  of  malt,  &c 

ACSTAl.  Ci>H><0«.  (0*B>«0*).  One  of  the  products  of  the  oxidation  of 
alcohol  under  the  influence  of  oxygen  condensed  in  platinum-black.  Pieces  of  well- 
deaned  pumice-stone  are  moistened  with  neady  absolute  alcohol,  and  placed  at  tho 
bottom  of  a  wide-mouthed  flask,  which  is  then  filled  with  capsules  containing 
platinum-black,  and  exposed  to  a  temperature  of  20^  Cent  (67^  Eahr.),  till  the  whole 
of  the  alcohol  is  addified.  It  is  a  colourless,  mobile,  ethereal  liquid,  boiling  at  221^  F. 
Its  density  in  the  fluid  state  is  0*821  at  72^.  The  spedflc  gravity  of  its  Tapour 
4*138  Stas,  (mean  of  three  experiments):  calculation  giyes  4*088  for  four  Tolumes 
of  Tapour.  The  researches  of  Wurtz  render  it  eridBut  that  the  oonstructioE  o. 
acotal  is  quite  different  from  what  has  generally  been  supposed,  and  that  it  is 
in  fact  glyoole  in  which  two  atoms  of  hydrogen  are  replaced  by  two  of  ethyle. 
— C.  G.  W. 

ACBTATB.  (Jciiate,  Fr. ;  Eeeigeaure^  Ger.)  Any  saline  compound  in  which 
the  add  constituent  is  acetic  add.  All  acetates  are  soluble  in  water;  the  least 
soluble  bdng  the  acetates  of  tungsten,  molybdenum,  silver,  and  mercuir.  The 
acetates,  especially  those  of  lead  and  alumina,  are  of  great  importance  in  the  arts. 
The  acetates  are  all  described  under  their  rei^ectiye  bases ; — a  rule  which  will  be 
adopted  with  all  the  adds.    See  Acm. 

iLCBTXC  AOZB.  {Acide  adtipte^  Fr.;  EseigsSure,  Ger.;  Acidum  aceticwm^ 
Lat. ;  Eisel^  Sax.^  The  word  *  acetic  *  is  derived  £Eom  the  Latin  acetuntt  applied  to 
vinegar ;  probablv  the  earliest  known  hodj  possesdng  the  sour  taste  and  other 
properties  which  characterise  adds ;  hence  the  term  Acid,  now  become  generic ;  both 
tho  Latin  word,  and  also  the  Sas>n  aoid,  being  from  the  root  aeiee  (Greek  hcii),  an 
edge  or  point,  in  reference  to  the  eharpnees  of  the  taste. 

Alegar  must  have  been  known  from  the  most  remote  periods  of  antiquity.  It  is 
mentioned  by  Moses.*  Hippocrates  employed  it  in  medicine  under  the  name  iibs,* 
Hannibal,  in  his  passage  over  the  Alps,  is  said  to  have  softened  the  rocks  by  fire  and 
vinegar.*  It  was  known  to  the  alchemists  in  the  more  concentrated  state  in  which 
it  is  obtained  by  the  distillation  of  acetate  of  copper  (verdigris) ;  bdng  mentioned 
both  by  Geber  *  and  StahL 

Crystallised  acetic  add  was  first  obtained  by  Westendorff  *  and  Lowits.* 

Acetic  add  exists  in  nature  only  in  the  omnised  kingdoms,  or  as  a  product  of  the 
oxidation  of  oiganic  bodies.  According  to  Yauquelin  and  Morin  it  is  found  in  tho 
juices  of  certain  ijlants,  and  it  probably  exists  in  certain  animal  fluids. 

Gmelin  and  Geiger  state  that  it  has  been  found  in  mineral  waters,  which  is  quite 
posdble,  having  been  derived  ftom  the  decaj  of  organic  matter  originally  present 

Acetic  add  is  produced  dther  by  the  oxidation,  or  the  destructive  aostillation  of 
omnic  bodies  containing  its  elements — carbon,  hydrogen,  and  oxygen. 

The  oxidation  of  organic  bodies,  in  order  to  convert  them  into  acetic  add,  may  be 
effected  dther — 1,  by  expodng  them  in  a  fineljr  divided  state  to  the  action  of  air  or 
oxygen  gas ;  2,  by  submittii^  them  to  the  action  of  ferments  in  the  presence  of  a 
free  supply  of  atmos^eric  air ;  or,  8,  by  the  action  of  chemical  oxididng  agents. 

When  acetic  add  is  poeured  by  the  axidatum  of  organic  bodies,  it  is  generally 
alcohol  that  is  employed ;  but  by  whatever  process  alcohol  is  transformed  into  acetic 
add,  it  is  always  first  converted  into  an  intermediate  compound,  aldehyde ;  and  this 

*  KtuabcTB,  vi.  8.  «  De  Katara  MaUobri. 

*  Liry.  *  InTcsUgatlon  of  Perfection. 

*  Westendorff,  Diss,  de  Opt  Acet  Cone.    Oottcnbuiir,  1772. 
*  UovritM,  AUgem.  Joonial  von  Likercr,  III.  600. 
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being  a  Tery  volatile  body,  it  is  desixablo  always  to  efibet  the  oxidation  as  eompletelj 
and  rapidly  as  possible,  to  aroid  the  loss  of  alcohol  by  the  evaporation  of  this 
aldehyde. 

Alcohol  contains    C*H*0*  (cm*0) 

Aldehyde      „  C*H*0«  (0«K*0) 

Acetic  add  „  C«H<0*  (0«a*0«) 

The  process,  therefore,  consists  first  in  the  removal  of  two  atoms  of  hydrogen  from 
alcohol,  which  are  converted  into  water— aldehyde  being  prodoced — and  then  the 
Itarther  union  of  this  aldehyde  with  two  atoms  of  oxygen  to  convert  it  into  aceUc  add. 
See  Aldbsydb. 

Bj  the  oxidation  of  alcohol,  pure  acetic  acid  is  obtained :  biit  the  vinegars  of  com- 
merce are  miztores  of  the  pure  acetic  add  with  water;  with  saccharine,  gummy,  and 
oolouring  matters ;  with  certain  ethers  (especially  the  acetic  ether),  npon  which  their 
agreeable  aromatic  flavour  depends ;  witn  empyreumatio  oils,  &c. 

The  pure  acetic  add  (free  from  water  and  other  impurities)  may  be  obtained  most 
advantageously,  according  to  Melsens,*  by  distilling  pure  acetate  of  potash  with  an 
excess  of  acetic  add  (which  has  been  obtained  by  the  redistillation  of  ordinary  acetic 
add,  procured  dther  by  oxidising  alcohol,  or  by  the  destructive  distillation  of  wood) : 
the  aad  which  first  passes  over  contains  water ;  but  finally  it  is  obtained  free. 

I^roperties  of  pure  Acetic  Aeid, — ^When  absolutely  pure,  acetic  add  is  a  colourless 
liquid  of  specific  gravity  1*064,  which  at  temperatures  below  62^  F.  (17^  C.) 
solidifies  into  a  colourless  czystalline  mass.  It  has  strongly  add  properties,  being  as 
powerfullv  corrosive  as  manv  mineral  adds,  causing  vesication  wnen  applied  to  the 
skin ;  and  it  possesses  a  |)eeuiiar]jr  pungent,  though  not  a  disagreeable  smoU. 

The  vapour  of  the  boihng  add  is  hi^y  combustible,  and  bums  with  a  blue  fiame. 
Hydrated  acetic  add  dissolves  camphor,  gliadine,  resins,  the  fibrine  of  blood,  and 
several  organic  etmipounds.  When  its  vapour  is  conducted  through  a  slightly 
ignited  porcelain  tube,  it  is  converted  entirely  into  carbonic  add  and  acetone,  an  atom 
of  the  add  bein^  resolved  into  an  atom  of  each  of  the  resultants.  At  a  white  heat 
the  add  vapour  is  converted  into  carbonic  add,  carburetted  hydrogen,  and  water. 

It  attracts  water  with  great  avidity,  mixing  with  it  in  all  proportions.  Its  solution 
in  water  increases  in  deimity  with  the  increase  of  aoetio  add  up  to  a  certain  point ; 
but  beyond  this  point  its  density  asain  diminishes.  Its  maximum  density  bdng 
1*073,  and  corresponding  to  an  add  containing  OHH)^+2Aq,  which  may  be  ex- 
temporaneously produced  by  mixing  77'2  parts  of  crystallised  acetic  add  with  22*8 
parts  of  water.  This  hydrate  boils  at  104®  C.  (219®  F,\  whilst  the  crystallised  add 
b<rils  only  at  120°  C.  (248®  F.)  « 

The  proportion  of  acetic  add  in  aqueous  mixtures  may  therefore  be  ascertained, 
within'  certain  limits,  by  determination  of  the  specific  gravity.    See  Aobtimbtbt. 

The  following  Table,  hj  Mohr,  indicates  the  {wr-centage  of  acetic  add  in  mixtures 
of  different  spedfic  gravities ;  but  of  course  this  is  only  applicable  in  cases  where  no 
sugar  or  other  bodies  are  present  which  increase  the  spedfic  gravity : — 

Jbtiract  o/Mohr'e  TMe  cfthe  8pee\fic  QraoUy  o/Mixturee  o/Aoetio  Acid  and 

Water.* 


AiCid70*H*0* 

Deuilty 

PerKMntafreotAoetlo 
Add,0*H*0* 

Density 

100 

1*0635 

45 

1*055 

35 

1*070 

40 

1*051 

90 

1073 

36 

1*046 

85 

1*073 

30 

1*040 

80 

1*0735 

26 

1*034 

76 

1*072 

20 

1*027 

70 

1*070 

16 

1*022 

65 

1*068 

10 

1015 

60 

1067 

6 

1*0067 

55 

1064 

1 

1*001 

50 

1*060 

>  ComptesBeiidiis,xix.611.  *  Ckcluudt,  Ohlmie  Ocgsnlq^  1. 718« 

*  Mohr,  Ann*  der  Chsm.  and  Pbar.  xsd.  S37. 
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vl  PREFACE  TO 

The  list  of  contribators  mil  sliow  to  whom  we  are  indebted  for  the 
technioal  articles  which  distingnish  this  Dictionary ;  and  the  articles 
themselves  will  give  evidence  of  their  having  been  treated,  in  all  cases, 
by  men  who  are  thoroughly  experienced  in  the  processes  which  they 
have  described.  When  the  initial  letters  at  the  end  of  the  articles  do 
not  indicate  the  authors  of  them,  I  am  directly  responsible  for  them. 
In  a  work  treating  of  the  nsefdl  applications  of  Science,  it  became 
necessary  to  introduce  such  portions  of  those  sciences,  which  have 
been  economically  useful  to  man,  as  would  render  the  processes 
described  sufficiently  intelligible  to  all  readers,  and  show  the  aid 
which  has  been  rendered  by  scientifio  enquiry.  Therefore,  several 
divisions  of  Physics,  Chemistry,  G^logy,  and  Mineralogy,  are  suc- 
cinctly dealt  with.  Of  Chemistry,  it  should  be  remarked,  that  the 
very  rapid  advances  of  discovery  in  that  science,  have  involved  a 
revolution  in  the  mode  of  viewing  the  constitution  of  bodies,  and 
necessitated  the  construction  of  a  new  mode  of  expressing  that 
constitution.  During  the  transition  period,  there  naturally  arises 
much  difficxdiy  in  determining  with  exactness  the  formulas  which 
shall  correctly  express  the  composition  of  a  compound.  This  natural 
difficulty  has  been  aggravated  by  the  unfortunate  introduction  of 
hypothetical  views  respecting  the  constitution  of  compounds,  and  the 
creation  of  systems  of  notation  which  are  constantly  liable  to  some- 
what capricious  alteration.  As  this  Dictionary  is  for  the  use  of  a 
public  which  cannot  be  expected  to  be  acquainted  with  each  change 
in  the  views  entertained  by  the  different  schools  of  Chemistry,  it  has 
been  thought  desirable  to  retain  the  formulas  with  which  they  have 
been  long  ^Euniliar,  and  to  give  in  another  (black)  type  the  formul» 
which  have  been  adopted  by  most  modem  chemists. 

It  will  be  observed  that  in  some  cases  the  Imports  and  Exports  of 
productions  used  in  the  Arts  or  Manufactures,  which  were  given  in  the 
former  Editions,  do  not  appear  in  the  present  one.  This  arises  £rom 
the  impossibility  of  obtaining  them:  the  Custom  House  authorities 
now  entering  a  large  number  of  articles  under  the  head  of '  Unenume- 
rated,'  which  were  formerly  given  in  detail.  This  is  much  to  be 
regretted,  since  it  removes  the  power  of  tracing  the  progress  of  the 
special  use,  or  industry,  to  which  the  article  in  question  belongs. 

To  all  those  gentlemen  who  have  favoured  me  with  contributions  my 
best  thanks  are  due.  I  have,  however,  to  express  my  obligations  more 
especially — ^to  Mr.  Higqin,  whose  article  on  '  Calico  Printing'  gives  a 
more  satLsfS^ctory  description  of  that  industry  than  any  other  to  be 
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found  in  any  language ;  to  Mr.  Hilary  Bauerman,  who  has  brought 
the  articles  *  Iron  '  and  *  Steel '  up  to  the  most  recent  date,  and  to  a 
condition  of  great  completeness ;  and  to  Mr.  John  Darlington,  who 
has  submitted  to  a  complete  revision  all  the  articles  connected  with 
Mining.  Of  the  latter  it  may  be  safely  said,  that  they,  taken  collec- 
tively, form  a  description  of  the  modes  of  obtaining  and  of  preparing 
the  useful  minerals  for  the  market  such  as  is  not  to  be  found  in  any 
other  work  in  the  English  language. 

My  obligations  to  Mr.  F.  W.  Rudler,  who  has  assisted  me  in  my 
heavy  labours  of  producing  these  volumes,  are  great.  During  a  period, 
when  the  disturbed  condition  of  my  health  rendered  it  even  dangerous 
for  me  to  give  any  prolonged  fixed  attention  to  the  Dictionary,  that 
gentleman,  with  almost  enthusiastic  zeal,  devoted  his  best  energies  to 
tho  tedious  details  of  the  work,  and  gave  me  all  the  advantages  of  his 
general  and  exact  knowledge. 

With  the  aid  that  ha«  been  received,  and  the  attention  which  has 
been  bestowed  on  this  work,  I  feel  that  it  may  with  confidence  bo 
commited  to  the  public,  believing  that  it  will  be  found  a  useful  guide 
in  all  those  industries  which  are  connected  with  the  Arts,  Manufac- 
tures, and  Mines. 

ROBERT    HUNT,  F.R.S. 
AprU  27.  1875. 
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Omissions, 

•    ^  ««»«>«  ji.«ff<«s     See  Watt8*8  *  Dictionary  of  Chemistry.* 
Page  1 57  insert  ^^^Sl^"  .UtSS  orSer  of  monocotylilonou.  plants,  to  wh.eh 
"  "  the  genus  i<ru»»  gives  the  name. 

-'^'     "     SSi'SSr-A^^J^r^ln^XSnerica.fton.  theses  of 
"     "        "  the  Carapa  GuinanenM. 


bAlmurinff  to  the  BMooedt  or  ma<fder  order.    Professor  T.  Anderson  has  obtained 


Errata 

P.  622,  line  27f  for  6  pints  caustic  acid  read  5  pints  canstic  soda 
„    668,    „    61,    „    80«  T.  recKi  30*^  T. 


Walton),  besides  a  few  tanned  bni&lo  hides  and  sjans,  are  o,uvv  w  ii»,vw  |noMw  «/• 
light  sail-cloth,  and  200,000  lbs.  of  assorted  abaca  cordage. 

ABXCBXra*  An  arsenate  of  copper  found  occasionally  in  the  cop^r  mines  of 
Cornwall  and  of  the  Harts.  It  usually  consists  of  64  per  cent  of  protoxide  of  copper 
and  30  per  cent,  of  arsenic  acid,  with  water. 

ABT»»  {m  Botany).  The  fir ;  a  genus  of  trees  which  belong  to  the  coniferous  order. 
These  trees  are  well  Imown  from  their  ornamental  character,  and  for  the  Taluablo 
timber  which  they  produce.  They  yield  several  resins  or  gum-resins,  which  are 
useful  in  the  arts. 

Anns  Salsaxba.  The  Balm  of  Gilead  fir.  It  is  a  native  of  Canada  and  Nova 
Scotia ;  it  produces  the  Canada  Balsam.  This  elegant  tree  grows  most  abundantly 
in  the  colder  regions  of  North  America.    (See  Canada  Balsam). 

Anns  Cbdbus  (OedruB  Libani^,  The  Cedar.  It  is  a  native  of  Mount  Lebanon 
and  the  range  of  Mount  Taurus.  Cedar  wood  is  said  to  be  very  indestructible,  and 
its  wood  is  used  in  the  manufacture  of  ornamental  boxes,  on  account  of  its  odour.  See 
Cbdas  Wood. 

Amis  ExcELSA  of  De  Candolle  (Pinus  abies  of  Linnseus).  The  Norway  Spruce  fir, 
o£  Dantdc  Deal,  a  native  of  Germany^  Russia,  Norw^,  and  other  parts  of  Northern 
Europeu  It  vielda-a  resinous  exudation  known  as  Frankincense  or  Thus,  wliile  the 
wood  forms  the '  Whit«  Deal '  of  the  carpenter.    The  well-known  Burgundy  Pitch  i0 
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i*uC»So» 


A  red  dye  used  in  Centfiil  India  for  imparting  a  permanent  colour  to  the 

nadre  cotton  cloth.  It  is  yielded  by  the  roots  of  the  Morinaa  eitrifoUa,  a  small  tree 
belonging  to  Uie  Rubiaoea,  or  madder  order.  Professor  T.  Anderson  has  obtained 
from  the  aal  root  a  pale  yellow  crystalline  substance  which  he  calls  marindin,  and 
tins  when  subjected  to  distillation  yields  a  crystalline  sublimate  termed  marindone. 
It  has  been  found  that  this  morindone  is  identical  with  aUzarine,  one  of  the  colouring 
principles  of  madder ;  and  it  is  conjectured  that  the  morindin  may  correspond  with 
rubeiythric  acid. 

ABA.    A  woollen  stuff  manufactured  in  Turkey. 

ABACA.  A  species  of  fibre  obtained  in  the  Philippine  Islands  in  abundance. 
Some  authorities  refer  those  fibres  to  the  pabu'tree  Imown  as  the  Abaca»  or  Anisii 
textiUs,  There  seem,  indeed,  to  be  several  well-known  Tarietiee  of  fibre  included 
under  this  name,  some  so  fine  that  they  are  used  in  the  most  delicate  and  costly 
textures,  mixed  with  fibres  of  the  pine-apple,  forming  Pina  muslins  and  textures  equal 
to  the  best  muslins  of  BengaL  Of  the  coarser  fibres,  mats,  cordage,  and  sail-cloth  are 
made.  M.  Duchesne  states  that  the  well-known  fibrous  manufactures  of  Manilla  have 
led  to  the  manufacture  of  the  fibres  themselves,  at  Paris,  into  many  articles  of  furniture 
and  dr^s.  Their  brilliancy  and  strength  give  remarkable  fitness  jfor  bonnets,  tapestry, 
carpets,  netvork,  hammocks,  &c.  The  only  manufactured  articles  exported  from  the 
Philippine  Islands*  enumerated  by  Thomas  de  Comyn,  Madrid,  1820  (transL  by 
Walton^  besides  a  few  tanned  bui&lo  hides  and  skins,  are  8,000  to  12,000  pieces  of 
light  sail-cloth,  and  200,000  lbs.  of  assorted  abaca  cordage. 

ABXCBZTB.  An  arsenate  of  copper  found  occasionally  in  the  copper  mines  of 
Cornwall  and  of  the  Harts.  It  usually  consists  of  d4  per  cent  of  protoxide  of  copper 
and  30  per  cent,  of  arsenic  acid,  with  water. 

/IBTB»  (ff»  Botanp),  The  fir ;  a  genus  of  trees  which  belong  to  the  coniferous  order. 
These  trees  are  well  known  from  their  ornamental  character,  and  for  the  valuable 
timber  which  they  produce.  They  yield  several  resins  or  gum-resins,  which  are 
useful  in  the  arts. 

Abies  Salsahba.  The  Balm  of  Gilead  fir.  It  is  a  native  of  Canada  and  Nova 
Scotia;  it. produces  the  Canada  Balsam.  This  elegant  tree  grows  most  abundantly 
in  the  colder  regions  of  North  America.    (See  Canada  Balsam). 

Abibs  Cbdbus  (psdrw  Libani^,  The  Cedar.  It  is  a  native  of  Mount  Lebanon 
and  the  range  of  Mount  Taurus.  Cedar  wood  is  said  to  be  very  indestructible,  and 
its  wood  is  used  in  the  manufacture  of  ornamental  boxes,  on  account  of  its  odour.  See 
Cedab  Wood. 

Abibs  Excblsa  of  De  Candolle  (I*inus  abies  of  Linnaeus).  The  Norway  Spruce  fir, 
or  Dantsac  Deal,  a  native  of  Germany,  Russia,  Norway,  and  other  parts  of  Northern 
Europe.  It  vielda-a  resinous  exudation  known  as  Frankincense  or  Thus,  while  the 
wood  forms  the '  White  Deal '  of  the  carpenter.    The  well-known  Burgundy  Pitch  is 
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2'  Afiffitnt 

prepared  from  the  resin  obtained  from  this  tree.     See  Bubgukdt  Fitch  ;  Voaxol- 

ISCKSSB. 

Abies  Lasix  (Laris  europaa).  The  Common  Larch,  producing  the  Venice  Torpen- 
tine,  and  a  manna  called  Bnan9on  Manna  which  exudes  from  the  leaves.    See  Viinicb 

TUBFBNTINE. 

Abibs  Nigra.  The  Black  Spruce  fir,  indigenous  to  the  most  inclement  regions  of 
North  America.  A  considerable  quantity  of  the  essence  of  spruce  is  extracted  from 
the  young  branches  of  this  tree ;  it  is,  however,  also  obtained  from  other  varieties  of 
the  spruce  fir.    See  Spbugb  EsraMCB. 

Abies  Ficka  of  Linnaeus  (Abies  pectinata  of  De  Candolle).  The  Silver  fir,  pro- 
ducing the  true  Strasbuig  turpentine.    See  Tubfbntikb. 

Of  the  woods  of  these  trees  the  following  quantities  were  imported  in  1871 : — 


Emn  Fir, 

Yalne 

Loads 

« 

PromBussia 

.    187,619 

878,676 

„     Sweden 

.    228,980 

398,326 

„     Norway        .       . 

.    226,197 

362,837 

„     Germany      . 

.    297,583 

682,489 

n    France 

.      67,641 

60,121 

„     United  States  of  America 

•    109,630 

864,437 

„     British  North  Ameiici^ 

.    343,271 

1,319,174 

„     Other  Countries   .       • 

.        2,700 

6,732 

Total  . 

.  1,468,671 

3,661,792 

Sown  or  Split,  Fianed  or  Dressed,  Fir. 

FromBussia         •       •       • 

•    479,676 

1,166,870 

f,    Sweden         •        •        • 

.    906,280 

1,913,367 

„     Norway        •       •        • 

.    436,408 

924,767 

„     Germany      . 

„     United  States  of  AmenQ» 

.      69,767 

137,388 

.      37,847 

121,909 

„     British  North  America 

.    692,824 

1,809,199 

H     Other  coimtries    •       • 

.        4,172 

8.777 

Total  • 

•  2,616,863 

6,071,252 

This  hydrocarbon  is  the  product  of  distillation  of  the  terobin- 
thinate  exudation  of  a  coniferous  tree  indigenous  to  California,  viz.,  the  Pinvs 
sabimana,  a  tree  met  with  in  the  dry  sides  of  the  foot  hills  of  the  Sierra  Nevada 
mountains,  and  locally  known  as  the  nut-pine  or  digger-pine,  on  account  of  the  edible 
<iuality  of  its  fruit  A  gum  resin,  or  raUier  balsam,  is  obtained  from  this  tree  by 
incisions  made  in  its  wood,  and  the  balsam  is  submitted  to  distillation  almost  imme- 
diately after  it  has  been  collected,  owing  to  the  great  volatility  of  the  hydrocarbon 
(or  essential  oil,  because  abietene  really  stands  in  the  same  relation  to  the  balsam 
alluded  to,  as  oil  of  turpentine  stands  to  the  exudation  derived  from  other  species 
of  Pinus),  The  crude  oil,  as  usually  met  with  for  sale  at  San  Francisco,  is  a  colourless 
limpid  fluid,  requiring  only  to  bo  instilled  to  obtain  it  quite  pure.  The  commercial 
article  is  used  under  dififorent  names,  abietene,  erasine,  theoline,  &c.,  for  the  removal 
of  grease  and  paint  firom  clothing  and  woven  fabrics,  and  likewise  as  an  efficient 
snbstitnte  for  petroleum-bemdne.  Fure  abietene  is  a  colourless  fluid,  possessing  a 
stiongly  penetrating  odour,  bearing  some  resemblance  to  oil  of  oranges ;  sp.  gr.  at 
16*6^=:  0*694:  it  is  veiy  volatile,  highly  combustible,  burning  with  a  brilliant  white 
smokeless  flame,  almost  insoluble  in  water,  and  soluble  in  6  parts  of  alcohol  at  96  per 
cent  Abietene  is  not  acted  upon  hj  diy  hydrochloric  acid  gas  nor  by  nitric  acid  nip. 
gr.«l*43)  in  the  cold,  but  heat  bem^  applied,  a  slight  reaction  takes  place ;  neiUier 
concentrated  sulphuric  acid  nor  potassium  acts  upon  this  hydrocarbon ;  when  treated 
with  chlorine,  abietene  is  converted  into  fluid  of  the  consistency  of  glycerine,  insoluble 
in  water,  colourless,  soluble  in  warm  alcohol,  and  having  a  sp.  gr. « 1*666.  Abietene 
readily  dissolves  iodine  and  bromine,  and  is  a  powerful  solvent  for  fixed  and  volatile 
oils,  castor  oil  excepted,  and  also  Feruvian  balsam  and  Canada  balsam ;  castor  oil  is 
absolutely  insoluble  in  abietene,  while,  curiously  enough,  the  last-named  substance  is 
dissolved  by  castor  oil  to  some  extent  When  burned  in  an  ordinary  spirit-lamp  with 
not  too  largo  a  fiomo,  a  brilliant  white  light  is  obtained  without  smoke :  the  vapour  of 
abietene  is  a  powerful  anaesthetic  when  inhaled,  and  it  has  boon  used  with  success  as 
an  insectiddo  against  moths,  &c.,  when  sprinkled  in  closed  receptacles. 

AMOnXM*    A  pale  yellow,  transparent^  viscid  exudation  from  the  Abies  pioea. 
Xt  contains  36  por  cent  of  a  volatile  oil  of  an  agreeable  smell,  combined  with  il 
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lean,  and  a  small  ^[uantity  of  the  acid  of  amber,  as  well  as  the  peculiar  body  called 

ABXBTTgf  or  ABXig,  is  a  name  given  to  sereral  species  of  fish,  bat  particularly 
to  the  Bleak,  the  scales  of  vhich  are  employed  for  making  the  pearl  essence  which  is 
used  in  the  manoiacture  of  artificial  pearls.    See  Peabls,  Abtificial. 

ABSA8IOW.  The  figuration  oS  materials  by  wearing  down  the  surface.  In 
general,  the  abrasive  tool  or  grinder  is  exactly  a  counterpart  of  the  form  to  be  pro- 
duced ;  thus,  for  plane  surfaces  a  fiat  grinder  is  employed,  and  for  concave  surfaces  a 
convex  grinder. 

AMBJLJtm,  8A&TS  {{Ahraumsalze,  Ger.,  *  Salts  to  be  removed').  Towards  the 
upper  part  of  the  great  salt  deposits  now  extensivelv  worked  at  Stassfurt,  in  Prussia, 
the  chloride  of  sodium  becomes  largely  mixed  wim  certain  salts  of  potassium  and 
magnesium,  representing  the  more  soluble  compounds  which  remained  dissolved  in 
the  mother  liquor  after  the  g^ter  part  of  the  chloride  of  sodium  had  been  separated 
by  crystallisation.  These  mixed  salts  were  formerly  regarded  as  worthless,  and  were 
hence  termed  Jbraumsabse,  Indeed  the  workings  at  Stassfort  having  been  originally 
undertaken  with  the  view  of  procuring  common  rock-salt,  it  was  naturally  considered 
unprofitable  to  bore  through  the  tMck  beds  of  impure  salt  before  reaching  the 
underlying  deposit  of  purer  chloride  of  sodium.  The  lugh  commercial  value  of  these 
so-called  Abrawnaalge  is  now,  however,  ftillv  recognised ;  and  at  the  present  time 
they  are  employed  on  a  very  large  scale  for  the  production  of  diloride  of  potassium. 
In  addition  to  the  rock  salt,  the  chief  constituents  of  the  AbrawnsaUe  are  the 
minerala  known  as  CamaUite^  a  double  chloride  of  potassium  and  magnesium ;  BylvinSt 
or  diloride  of  potassium ;  and  Kiesefite^  or  sulphate  of  magnesia.  Similar  deposits 
of  salts  are  worked  at  Kalucs,  in  Hungary.    See  Fotassidh,  OmLOBiDB  of. 

AMKUB  PRBOATO&IA.  The  seeds,  often  strung  together  as  rosaries  and 
necklaces,  are  well  known  as  *  Prayer  Beads.'  They  are  of  a  brilliant  scarlet  colour, 
with  a  black  spot  on  one  side,  and  are  hence  termed  *  Crabs*  Eyes.'  In  India,  they 
are  used  by  druggists  and  jewellers  as  weights,  the  seeds  weighing  uniformly  about 
one  grain  each.    The  Abms  belongs  to  the  Leguminosa,  or  Pea-order. 

ABSZVTB*  A  liquor  .flavoured  with  wormwood  (Artemesta  absinthium,  Katural 
Order  Compositm)  and  other  species  containinff  the  bitter  principle  termed  ahsinthine. 
To  prepare  absinth  the  leaves  and  flower-heads  of  the  wormwo(^  are  steeped  in  spirit 
somewhat  above  *  proof*  for  several  days,  with  other  aromatic  and  stimulant  herbs — 
such  as  angelica  root.  Calamus  aromaiicus,  aniseed,  dittany  leaves  and  wild  marjoram. 
The  liquid  is  then  distilled,  and  the  green  essence  thus  obtained  is  mixed  with  certain 
aromatie  extracts.  A  brilliant  tint  is  obtained  by  the  use  of  indigo  and  other 
vegetable  colouring  matters :  sulphate  of  copper  is  said  to  have  been  employed  for 
this  purpose ;  and  it  is  also  asserted  that  the  liquor  is  occasionally  adulterated  with 
chlonde  of  antimony  in  order  to  produce  a  characteristic  miUdness. 

Absinth  is  largely  prepared  in  Switzerland,  especially  in  the  canton  of  Neufch&tel ; 
and  indeed  the  strongest  liquor  is  often  known  in  trade  as  '  Swiss  absinth,*  though  it 
may  not  have  been  prepared  in  Switserland.  Of  late  years,  it  has  been  drunk 
immoderately  in  France,  and  large  quantities  are  also  consumed  in  America.  Certain 
French  physiologists  have  alleged  that  the  essential  oils  in  absinth  act  as  an  enei^tic 
poison,  especially  afiecting  the  nervous  system;  other  authorities  attribute  the 
injurious  effects  of  absinth-drinking  to  the  Calamus  aromaiicus  said  to  be  used  in  its 
preparation ;  whilst  others  again  maintain  that  the  effects  are  merely  those  which 
follow  the  loiu^-eontinued  use  of  any  strong  alcoholic  liquor — excepting,  of  course,  the 
poisonous  action  of  any  copper-salts  which  may  be  present  in  adulterated  absinth. 

A8T88XMXAV  CMI&B.  A  yellow  metal  of  a  fine  colour  if  properly  prepared. 
It  is  an  alloy  of  9074  parts  of  copper  and  8*38  of  zinc.  The  ingot  is  plated  on  one 
side,  with  a  thin  plate  of  gold,  and  it  is  then  rolled  out  into  sheets,  from  which  articles 
of  jewellery  are  formed  in  Uie  usual  way.  The  gold  on  the  articles  as  sold  varies  from 
003  to  1*03  per  cent  This  is  also  known  as  Talmi gold.  The  term  Abyssinian  Gold 
is  sometimes  applied  in  trade  to  Aluminium  Bronze.    See  ALTncnrnnc  Bronzb. 

AC AC3XA.  (Lat  acaeiOj  a  thorn ;  Or.  dxj^,  a  point).  The  acacia  is  a  very  extensive 
genus  of  trees,  or  shrubby  plants  belonging  to  the  Leguminosa  or  Pea-order.  The 
acacias  inhabit  the  tropical  regions  generally,  but  extend  in  some  instances  into  the 
temperate  zone;  being  found,  for  example,  in  Australia  and  the  neighbouring 
islands.  Botanists  are  acquainted  with  nearly  300  species  of  the  acacia,  some  of 
them  yielding^ffi  arabtc  and  other  gums  known  in  commerce ;  while  others  give  a 
laige  quantity  of  tannin,  especially  a  species  which  grows  in  Van  Diemen's  Land  or 
Tasmania.  The  Acacia  vera  is  a  native  of  Arabia  and  of  Africa  from  Senegal  to 
ISgypt ;  the  A,  Arabica  is  found  in  the  same  countries  and  in  India ;  the  A.  Karoo 
belongs  to  the  Cape  of  Good  Hope,  producing  the  Cape  gum ;  A,  gummtfera  is  chiefiy 
found  in  Africa  near  Mogador    A,  Seyal  in  Senegambia;  A,  tortiUs  grows  in  the 
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Desert,  as  does  also  A,  EhtenhergU^  their  gams  being  collected  by  the  Bedouin  Arabs ; 
and  A^  Senegal  grows  in  Aiabia  and  Africa,  from  Senegal  to  the  Cape  of  Good  Hope. 
See  Arabic,  Gttk  ;  Gux. 

ACACIA  CATMCHir.  The  catechu  acacia  {Mmoea  catechu  of  linnffios)  is  a 
tree  with  a  moderately  high  and  stout  stem,  growing  in  mountainous  places  in  Tarious 

Sirta  of  India.  Its  unripe  pods  and  wood,  br  decoction,  yield  the  catechu.  This 
nd  of  catechu  is  known  under  the  name  of  Kntch  or  Gutch,  and  must  not  be  con- 
founded with  the  official  catechu  (Catechu pallidum).  This  catechu  is  imported  in 
large  masses  of  1  cwt  and  upwards.  It  is  xised  in  the  preparation  of  some  leathers 
and  by  dyers.    See  Catbchit. 

ACACZM.    A  name  for  common  Gum  Arabic 

ACAJOU  (BOZ8  B*).    The  French  name  for  mahogany.    See  Mabooaitt. 

ACABOZB  BB8ZM.  A  resin  sometimes  called  Botany  Bay  resin,  produced  by 
a  liliaceous  tree  growing  in  New  Holland.  It  contains  benzoic  and  cinnamic  adds, 
which  give  it,  especially  when  burnt^  a  grateftil  odour. 

ACasCBVT.  Substances  whidi  mT6  a  tendency  to  pass  into  an  acid  state ;  as 
an  inftision  of  malt,  &c 

ACBTAB.  C"H>«0\  (C«Bi«0^.  One  of  the  products  of  the  oxidation  of 
alcohol  under  the  influence  of  oxygen  condensed  in  platanum-black.  Pieces  of  well- 
cleaned  pumice-stone  are  moistened  with  neariy  absolute  alcohol,  and  placed  at  the 
bottom  of  a  wide-mouthed  flask,  which  is  then  fllled  with  capsules  containing 
platinum-black,  and  exposed  to  a  temperature  of  20^  Gent  ^67^  Fahr.]^  till  the  whole 
of  the  alcohol  is  acidified.  It  is  a  colourless,  mobile,  ethereal  liquid,  bmling  at  221°  F. 
Its  density  in  the  fluid  state  is  0*821  at  72**.  The  specific  gravity  of  its  vapour 
4*138  Slae»  (mean  of  three  experiments) :  calculation  gives  4*088  for  four  Tolumei 
of  vapour.  The  researches  of  Wurtz  render  it  evident  that  the  constmctioc  o. 
acotal  is  quite  di£ferent  fiom  what  has  generally  been  supposed,  and  that  it  is 
in  fact  ^yoole  in  which  two  atoms  of  hydrogen  are  leplaoMl  by  two  of  ethyle. 
—C.  G.  W. 

ACBTATB.  (AciiatCt  Fr.;  Eesiffeaure,  Ger.)  Any  saline  compound  in  which 
the  acid  constituent  is  acetic  acid.  All  acetates  axe  soluble  in  water;  the  least 
soluble  being  the  acetates  of  tungsten,  molybdenum,  silver,  and  mercnrv.  The 
acetates,  especially  those  of  lead  and  alumina,  are  of  great  importance  in  the  arts. 
The  acetates  are  all  described  under  their  respective  bases ; — a  rule  which  will  be 
adopted  with  all  the  adds.    See  Aom. 

ACBTZC  ACXB*  (Ande  acHifiue,  Fr.;  EeeiffiSure,  Ger.;  Aeidum  aceticum, 
Lat ;  Eisel,  Sax.^  The  word  *  acetic '  is  derived  from  the  Latin  acetum,  applied  to 
vinegar ;  probably  the  earliest  known  body  possessing  the  sour  taste  and  other 
properties  which  diaracterise  adds ;  hence  the  term  Acid,  now  become  generic ;  both 
the  Latin  word,  and  also  the  Sa»>n  euid,  being  ftom  the  root  aeies  (Greek  iueii),  an 
edge  or  point,  in  reference  to  the  eharpnees  of  the  taste. 

Alegar  must  have  been  known  ttom  the  most  remote  j)eriods  of  antiquity.  It  is 
mentioned  by  Moses.*  Hippocrates  employed  it  in  medidne  under  the  name  iibsJ* 
Hannibal,  in  his  passage  over  the  Alps,  is  said  to  have  softened  the  rocks  by  fire  and 
vinegar."  It  was  known  to  the  alchemists  in  the  more  concentrated  state  in  which 
it  is  obtained  by  the  distillation  of  acetate  of  copper  (verdigris) ;  being  menUonod 
both  by  Geber « and  StahL 

Crystallised  acetic  add  was  first  obtained  by  Westendorff  *  and  Lowitz.* 

Acetic  add  exists  in  nature  only  in  the  oonnnised  kingdoms,  or  as  a  product  of  the 
oxidation  of  oiganic  bodies.  According  to  vajsquelin  and  Morin  it  is  found  in  the 
juices  of  certain  i^nts,  and  it  probably  exists  in  certain  animal  fluids. 

Gmelin  and  Geiger  state  that  it  has  been  found  in  mineral  waters,  whidi  is  quite 
possible,  having  been  derived  from  the  deca^  of  organic  matter  originally  present 

Acetic  add  is  produced  dther  by  the  oxidation,  or  the  destructive  mstillation  of 
ornftnic  bodies  containing  its  elements — carbon,  hydrogen,  and  oxygen. 

The  oxidation  of  oiganic  bodies,  in  order  to  convert  them  into  acetic  add,  may  be 
effected  either — 1,  by  ex^msing  them  in  a  flnel^  divided  state  to  the  action  of  air  or 
oxygen  gas ;  2,  by  submitting  them  to  the  action  of  ferments  in  the  presence  of  a 
free  supply  of  atmos^eric  air ;  or,  8,  by  the  action  of  chemical  oxi<Hsing  agents. 

When  acetic  add  is  procured  by  the  oxidation  of  organic  bodies,  it  is  generally 
alcohol  that  is  employed ;  but  by  vniatever  process  alcohol  is  transformed  into  acetic 
add,  it  is  always  first  converted  into  an  intermediate  compound,  aldehyde ;  and  this 

*  Nunbon,  ti.  8.  •  De  Natnra  MnUebrl. 

•  Urj.  *  InTCBtigoUon  of  Perfection. 

*  Westendorff,  tMas.  do  Opt.  Acet.  Cone    OoUcnburg,  1773. 
*  liowits,  AUgem.  Jonmal  too  Likcrcr,  111.  600. 
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being  a  very  volatile  body,  it  is  desizablo  always  to  e£&et  the  oxidation  as  completely 
and  fapidly  as  possible,  to  aroid  the  loss  of  alcohoJ  by  the  evaporation  of  this 
aldehyde. 

Alcohol  contains    C'HH)*  (0*S*0) 

Mdtkyde      „  C*H*0*  (C»«*0) 

Acetic  add  „  C<H«0*  (0«BH>«) 

The  pzoeesfl,  therefoze,  consists  first  in  the  romoval  of  two  atoms  of  hydrogen  from 
alcoholt  wldch  are  converted  into  water— aldehyde  being  prodoced— and  then  the 
ftnrther  union  of  this  aldehyde  with  two  atoms  of  oxygen  to  convert  it  into  acetic  add. 
See  Aldbhtbx. 

By  the  oxidation  of  alcohol,  pore  acetic  add  is  obtained :  but  the  vinegars  of  com- 
merce are  mixtores  of  the  pore  acetic  add  with  water;  with  saccharine,  gammy,  and 
colonring  matters ;  with  certain  ethers  respedally  the  acetic  ether),  upon  which  their 
agreeable  aromatic  favour  depends ;  witn  empyrenmatic  oils,  d^ 

The  pure  acetic  add  (free  from  water  and  other  imparities)  may  be  obtained  most 
advantageoosly,  according  to  Melsens,'  b^  distilling  pare  acetate  of  potash  with  an 
excess  of  acetic  add  (which  has  been  obtained  by  the  redistillation  of  ordinary  acetic 
add,  procured  dther  by  oxidising  alcdiol,  or  by  the  destructive  distillation  of  wood) : 
the  add  ^diich  first  passes  over  contains  water ;  but  finally  it  is  obtained  free. 

Properties  of  pure  Acetic  Jcid, — ^When  absolutely  pore,  acetic  add  is  a  colourless 
liooid  of  spedfio  gravity  1*064,  which  at  temperatores  below  62^  F.  (17^  0.) 
solidifiee  into  a  colonrless  OTstalline  mass.  It  has  strongly  add  properties,  being  as 
powerfuUv  corrosive  as  many  mineral  adds,  causing  vesication  when  applied  to  the 
skin ;  and  it  possesses  a  peculiarly  pungent,  though  not  a  disagreeable  smell. 

The  vapour  of  the  boiling  add  is  hi|^y  combustible,  and  bums  with  a  blue  flame. 
Hydiated  acetic  add  dissolves  cam{£>r,  gliadine,  resins,  the  fibrine  of  blood,  and 
several  ozganio  compounds.  When  its  vapoor  is  conducted  through  a  slightly 
ignited  porcelain  tube,  it  is  converted  entirely  into  carbonic  add  and  acetone,  an  atom 
<tf  the  add  bein^  resolved  into  an  atoiifi  of  each  of  the  resultants.  At  a  white  heat 
the  add  vapour  is  converted  into  carbonic  add,  carburetted  hydrogen,  and  water. 

It  attracts  water  with  great  avidity,  mixing  with  it  in  all  proportions.  Its  solution 
in  water  increases  in  density  with  the  increase  of  acetic  add  np  to  a  certain  point ; 
but  beyond  this  point  its  density  affain  diminishes.  Its  maximum  dendty  bdng 
1'073,  and  corresponding  to  an  add  containing  G^HH)*+2Aq,  which  may  be  ex- 
temporaneously produced  by  mixing  77*2  parts  of  crystallised  acetic  add  with  22*8 
parts  of  water.  This  hydrate  boils  at  104^  C.  (219^  F.),  whilst  the  crystallised  add 
boihi  only  at  120°  C.  (248<»  F.)  « 

The  proportion  of  acetic  add  in  aqueous  mixtures  may  therefore  be  ascertained, 
within'  certain  limits,  by  determination  of  the  spedflc  gravity.    See  AoBmfsrBT. 

The  following  Table,  hj  Hohr,  indicates  the  per-centage  of  acetic  add  in  mixtures 
of  difierent  spedfic  gravities ;  but  of  course  this  is  only  applicable  in  cases  where  no 
sugar  or  other  bodies  are  present  which  increase  the  spedfic  gravity  :— 


Jbstract  of  MoWe  Table  of  the  Specific  Qtanriiy  ofMixturee  ofJceUc  And  and 

Water* 


Ptt-centMnofAoetio 
AddTo^H^O* 

Density 

Add,0*H*a' 

Demlty 

100 

1-0685 

45 

1-055 

^5 

1-070 

40 

1-051 

90 

1-078 

85 

1-046 

85 

1-078 

80 

1-040 

80 

10785 

25 

1-084 

76 

1-072 

20 

1-027 

70 

1-070 

15 

1022 

65 

1-068 

10 

1-015 

60 

1-067 

5 

1-0067 

55 

1-064 

1 

l-OOl 

50 

1-060 

>  Conptes  Bendns,  six.  611.  *  Oerbudt,  Ohimie  OrgUkique,  t.  718, 

*  Mohr,  Aim.  der  Obem.  and  Pbur.  xzsi.  337. 
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Which  numben  eloMly  agree  with  Onoao  obtained  by  Dr.  Die . — 


Add 

Bp.  Gr. 

Add 

Sp.ar. 

Add 

Sp.  Or. 

100 

10620 

76 

1-0743 

62 

1-0617 

98 

1-0650 

74 

10740 

60 

1-0603 

96 

1*0680 

72 

1-0733 

46 

1-0568 

94 

1-0700 

70 

10726 

40 

1-0512 

92 

1-0716 

68 

10716 

36 

1-0469 

90 

1-0728 

66 

1-0712 

30 

1-0406 

88 

1-0730 

64 

1-0701 

26 

10342 

86 

1-0786 

62 

10687 

20 

1-0282 

84 

1-0788 

60 

1-0676 

16 

1-0213 

82 

1-0740 

68 

1-0666 

10 

10147 

80 

1-0760 

66 

1-0647 

6 

1-0076 

78 

10748 

64 

1-0684 

Acetic  add  was  formerly  (and  is  still  hy  some  chemists)  viewed  as  the  hydiated  . 
terozide  of  a  radical.  Acetyl    (C*  H>)  0*,  HO 

Acetyl. 

And  therefore  an  anhydrous  acetic  add,  C*  H*  0',  was  supposed  to  exist.  Many 
attempts  have  been  made  to  isolate  this  anhydrous  acetic  add  0^  H'  0' ;  and  a  body 
which  has  received  this  name  has  been  obtained  by  Gerhardt,*  by  the  double  decom- 
position of  chloride  of  acetyl  and  an  alkaline  acetate,  thus — 


C<H"(0«C1)     +     KO.C*H»0» 


C«H«0«     +     K  CI 


ClUortdeof 
acetyl. 


Acetate  of 
potash. 


(So-caUed) 
Anhydrons 
act^tfo  add. 


Ohloildaof 
potaasiam. 


c*B*oei + XC^'O*  m  C«B*0* + XOl 


This  body  Gerhardt  describes  as  a  colourless  liquid  having  a  strong  smell  of  acetic 
add,  but  associated  with  the  flavour  of  hawthorn  blossom,  having  a  spedfic  gravity 
of  1-073,  and  boiling  at  187®  C.  (278®  F.) ;  falling  in  water  in  the  form  of  oily  drops, 
only  dissolving  on  gently  heatinig  that  fluid.  It  is,  however,  not  anhydrous  acetic 
add,  but  a  compound  isomeric  with  the  hypothetical  anhydrous  acetic  add  0^  H*  0", 
containing,  in  &ct,  double  the  amount  of  matter,  its  formula  being  G*  H*  0*.  See 
Isomerism. 

The  impure  varieties  of  acetic  add  known  as  vine^,  pyroligneous  add,  &c.,  are 
the  products  met  with  in  commerce,  and  therefore  those  require  more  minute  de- 
scription in  this  work. 

Before  describing  the  manuf)Etctnre  of  these  commercial  articles,  it  may  be  in- 
teresting to  allude  to  a  method  of  oxidising  alcohol  hj  means  of  spongy  platinum ; 
which  may  yet  meet  with  extensive  practi^  application.  It  is  a  well-l^own  fact 
that  spongy  platinum  (e,g.  platinum  black),  fiK>m  its  minute  state  of  division,  condenses 
the  oxygen  of  the  air  within  its  pores ;  consequently,  when  the  vapour  of  alcohol 
comes  in  contact  with  this  body,  a  supply  of  oxygen  in  a  concentrated  state  is  pre- 
sented to  it,  and  the  platinum,  without  losing  any  of  its  properties,  efiS^cts  tho 
combination  between  the  oxygen  and  the  alcohol,  converting  the  latter  into  acetic 
add. 

This  may  be  illustrated  hj  a  very  simple  experiment  Place  recently  ignited 
spongy  platinum,  loosely  distnbuted  on  a  ^tinum-gauze,  at  a  short  distance  over  a 
saucer  containing  warm  alcohol,  the  whole  standing  under  a  bell-glass  supported  by 
wedges  on  a  glass  dish,  so  that  on  removing  the  stopper  from  the  bell-glass  a  slow 
current  of  air  circulates  through  the  apparatus ;  the  spongy  platinum  soon  begins  to 
glow,  in  consequence  of  the  combustion  going  on  upon  its  surface,  and  acetic  add 
vapours  are  abundantly  produced,  which  condense  and  run  down  the  sides  of  tibe 
glass.  The  simultaneous  formation  of  aldehyde  is,  at  the  same  time,  abundantly 
proved  by  its  peculiar  odour. 

In  Germany  this  method  has  been  actually  carried  out  on  the  laige  scale,  and,  if  it 
were  not  for  Uie  high  price  of  platinum  and  the  heavy  duty  on  alcohol,  it  might  be 
extensively  employed  in  this  country  on  account  of  its  elegance  and  extreme  simpli- 
dty.    Soo  iOTAL. 

■  C^mpkes  Bendui,  xxziv.  7«. 
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ployed  for  the  manufactiLre  of  Acetic  Add,  which  is  principally 
need  in  the  arts,  and  those  for  the  Production  of  Vinegar,  which  is  chiefly  for  domeetae 
use,  are  widely  dil^nt  and  caiiiea  on  in  separate  works ;  they  will,  therefore,  be  best 
described  under  their  respecUve  heads. 

Havufactubb  of  Acbtxo  Acu)  (Pyboliqmbous  Acid). 
k,—By  destructive  distiUation  of  Wood, 

The  general  nature  of  the  process  of  destructive  distillation  will  be  found  detaUed 
under  the  head  of  Distillation,  dbstbuctitb  ;  as  well  as  a  list  of  products  of  the 
rearrangement  of  the  molecules  of  organic  bodies  under  the  influence  of  heat  in  closed 
vessels.  We  shall,  therefore,  at  once  proceed  to  the  details  of  the  process  as  spedally 
ap^ed  in  the  manufacture  of  acetic  acid  from  wood. 

The  forms  of  apparatus  very  generally  employed  on  the  Continent  for  obtaining 
at  the  same  time  crude  acetic  add,  charcool,  and  tar,  are  those  of  Schwarta  and 
Bdchenbach ;  but  in  France  the  process  is  carried  out  with  spedal  reference  to  the 
production  of  acetic  add  alone. 

The  following  is  a  description  of  that  in  use  at  Nuits  and  Rouen : — 

Into  laige  <grlindrical  vessels  (Jig,  1)  made  of  rivetted  sheet  iron,  and  having 
^t  their  top  and  side  a  small  sheet-iron  cylinder,  the  wood  intended  for  making 
charcoal  is  introduced.  To  the  upper  part  of  this  vessel  a  cover  of  sheet  iron,  b,  is 
adapted,  which  is  fixed  with  bolts.  This  vessel,  thus  dosed,  represents,  as  we  see, 
a  vast  rotort.  When  it  is  prepared,  as  we  have  said,  it  is  lifted  by  means  of  a  swing 
crane,  c,  and  placed  in  a  furnace,  d  {fig,  2),  of  a  form 
1  relative  to  that  of  the  vessel,  and  the  opening  of  the 


to  the  localities.  In  certain  works  they  cool  by  means  of  air,  by  making  the 
vapour  pass  through  a  long  series  of  cylinders,  or  sometimes,  even,  through  a 
series  of  casks  connected  together ;  but  most  usually  water  is  used  for  condensing, 
when  it  can  be  easily  procured  in  abundance.  The  most  simple  apparatus  employed 
for  this  purpose  consists  of  two  cylinders,  f  f  (fig,  2),  the  one  within  the  otiiier, 
and  whidi  leave  between  them  a  suf^ent  space  to  allow  a  considerabla  body  of 
water  to  drculato  along  and  cool  the  vapours.  This  double  cylinder  is  adapted  to 
the  distilling  vessel,  and  placed  at  a  certain  inclination.  To  the  fljrst  double  tube, 
F  F,  a  second,  and  sometimes  a  third,  entirely  simile,  are  connected,  which,  to  save 
space,  return  upon  themsdves  in  a  zigzag  fashion.  The  water  is  set  in  circulation  by 
an  ingenious  means  now  adopted  in  many  different  manufactories.  From  the  lower 
extremity,  o,  of  the  system  of  condensers,  a  perpendicular  tube  rises,  whose  length 
should  be  a  litUe  more  than  the  most  elevated  point  of  the  system.  The  water, 
fumiahed  by  a  reservoir  l,  enters  by  means  of  the  perpendicular  tube  throui^  the 
lower  part  of  the  s^rstem,  and  fills  the  whole  space  l>Dtween  the  double  cylinders. 
When  the  appexatos  is  in  action,  the  vapours,  as  they  condense,  raise  the  temperature 
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of  the  water,  which,  by  the  column  in  l  o,  is  piessed  to  the  upper  part  of  the 
cylinders,  and  mns  over  by  the  spent  k.  To  this  point  a  very  short  tube  is  attached, 
which  is  bent  towards  the  ground,  and  servos  as  an  overflow. 

The  condensing  apnaratus  is  terminated  by  a  conduit  in  bricks  covered  and  sunk 
In  the  ground.  At  the  extremity  of  this  spedos  of  gutter  is  a  bent  tube,  b,  which 
discharges  the  liquid  product  into  the  first  cistern.  YHien  it  is  full,  it  empties  itsoll', 
by  means  of  an  overflow  pipe,  into  a  great  reservoir ;  the  tube  which  terminates  tho 
gutter  plunges  into  the  liquid,  and  thus  intercepts  communication  with  the  inside  of 
the  apparatus.    Tho  disengaged  gas  is  brought  back,  by  means  of  pii)ee  u  l,  from 

one  of  tne  sides  of  tho 
'  conduit  to  the  under 

part  of  the  ashpit  of 
the  fomace.  These 
pipes  are  furnished 
with*  stopcocks,  ic,  at 
some  distance  in  front 
of  the  furnace,  for 
the  purpose  of  regu- 
lating tne  jet  of  tho 
gas,  and  interrupting, 
at  pleasure,  commun- 
ication with  the  inside 
of  the  apparatus. 
The  part  of  the  pipes 
which  terminates  in 
the  furnace  rises  per- 
pendicuUrly  several 
inches  above  the 
ground,  and  is  ex- 
panded like  the  rose 
of  a  watering-can,  v, 
4  The  gas,  by  means  of 

this  disposition,  can 
!  distribute  itself  uni- 
formly under  the 
vessel,  without  sufifor- 
ing  the  pipe  which 
conducts  it  to  be' 
obstructed  by  the  fUel 
or  the  ashes. 

The  temperature 
nocessaiy  to  efbct  the 
carbonisation  is  not 
at  first  considerable: 
however,  at  the  last, 
I  it  is  raised  so  high 
as  to  make  the  vessels 
red  hot;  and  the 
duration  of  the  pro- 
cess is  necessarily 
proportional  to  the 
quantity  of  wood  car- 
bonised. For  a  vessel 
which    shall  contain 

about  5  meters  cube 

(nearly  6  cubic  yards), 
8  hours  of  fire  is  sufficient.  It  is  known  that  the  carbonisation  is  complete  by  the 
colour  of  the  flame  of  the  gas :  it  is  first  of  a  yellowish  red ;  it  beoomos  afterwuds  blue, 
when  moro  cari>omc  oxide  than  carburetted  hydrogen  is  evolved ;  and  towards  the  end 
it  becomes  entirely  white, — a  dxcumstance  owing,  probably,  to  the  furnace  bein^  moro 
heated  at  this  period,  tLod  the  combustion  thereforo  moro  complete.  Thero  is  still 
another  means  of  knowing  the  state  of  the  process,  to  which  recourse  is  moro 
frequently  had :  that  is  the  cooling  of  the  first  tubes,  which  aro  not  surrounded  with 
water :  a  few  drops  of  this  fluid  are  thrown  upon  thdr  surfiice,  and  if  they  evaporate 
quietly,  it  is  judiged  that  the  calcination  is  sufficient.  The  adapter  tube  is  then 
unluted,  and  is  slid  into  its  junction  pipe ;  the  oriflces  aro  immediately  stopped  with 
plates  of  iron  and  plaster  loam.    The  brick  cover,  b,  of  the  ftimace  is  first  removed 
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bf  mmDM  of  the  fwixig  ozaiie,  then  the  cylinder  itself  is  liftdd  ont  and  replaced  imme- 
diately bj  another  one  prsvionsly  charged.  When  the  cylinder  which  has  becoi 
taken  out  of  the  fnmace  is  entirely  cooled,  its  covqr  is  remoyed,  and  the  charcoal 
is  emptied,    fire  cubic  meters  of  wood  furnish  about  7  chaldrons  and  a  half  of 


The  eazboniseiB  of  Beichenbaeh  and  Schwarts  are  nsoally  employed  with  special 
reference  to  the  mann&ctnre  of  wood-clu»ooal,  the  condensation  of  the  volatile 
products  being  only  a  secondary  consideration. 

In  England  the  distillation  of  wood,  with  especial  reference  to  the  manufiictare 
of  pyrol^eous  add,  is  generally  carried  out  in  large  iron  retorts,  placed  hori- 
flontally  in  the  fiimace;  the  process,  in  fact,  closely  resembling  the  distillation  of 
coal  in  the  manufactnre  of  coal  gas,  excepting  that  the  retorts  axe  generally  larger, 
being  sometimes  4  feet  in  diameter,  and  6  or  8  feet  long.  Genenlly  two,  or  eyen 
three,  are  placed  in  each  fiimaoe,  as  shown  in  Jig.  3,  so  that  the  fire  of  the  single 
ftimace,  a,  plays  all  round  them.  The  doors  for  diarging  the  retorts  are  at  one  end,  b 
Cfiff,  4),  and  tlie  pipe  for  cazxying  off  the  Tolatilo  pzodncts  at  the  other,  e,  by  which 
they  are  condnetea,  first  to  the  tar^condenser,  d,  and  finally  through  a  worm  in  a 
laige  tub,  s,  whem  the  crude  acetic  add  is  collected. 

Of  course,  in  difibront  localities  an  endless  yariety  of  modifications  of  the  process 
are  employed. 

In  the  Forest  of  Bean,  instead  of  cylindrical  retorts,  square  sheet-iron  boxes  are 
used,  4fU6in.by2ft9in.,  iHiioh  are  heated  in  large  square  ovens, 

jDr.  Ure  gives  the  following  description  of  special  works  in  Glas^w : — 

The  cylinders  here  emplo^^  are  6  feet  long,  and  both  ends  project  a  little  beyond 
the  brickworic    One  end  has  a  disk,  or  round  plate  of  cast-iron,  well  fitted  and 


firmly  bolted  to  it,  from  the  centre  of  which  an  iron  tube,  about  6  indies  in  diameter, 
proceeds,  and  enters  at  a  right  angle  the  main  tube  of  refrigeration.  The  diameter 
of  this  tube  may  be  from  9  to  14  inches,  according  to  the  number  of  cylinders^  llie 
other  end  of  the  cylinder  is  called  the  mouth  of  the  retort ;  this  is  dosed  by  a  disc  of 
iron,  smeared  round  its  edge  with  daj-lute,  and  secured  in  its  place  bv  iron  wedges. 
The  charge  of  wood  for  such  a  cylinder  is  about  8  cwt.  The  hard  woods— oak, 
ash,  birch,  and  beech — are  alone  used  in  this  manufactory — fir  not  being  found  to 
answer.  The  heat  is  kept  up  during  the  day,  and  the  furnace  allowed  to  cool  during 
the  ni^t  Next  mormng  the  door  is  opened,  the  charcoal  removed,  and  a  new 
charge  of  wood  introduced.  The  average  product  of  crude  vinegar  is  35  gallons. 
It  is  much  contaminated  with  tar,  is  of  a  deep  brown  colour,  and  has  a  specific  gra- 
vity of  r026.  Its  total  weight  is  therefore  about  300  lbs. ;  but  the  residuary  charooal 
is  found  to  weiffh  no  more  uan  one-fifth  of  the  wood  employed ;  hence  nearly  one- 
half  of  the  ponderable  matter  of  the  wood  is  dissipated  in  incondensable  gases. 

"With  re^rd  to  the  relative  advantages  of  cylindrical  retorts  or  square  boxes, 
tt  shoold  be  remarked,  that  the  cylinders  are  more  ada^d  for  the  distillation  of  the 
bige  ballets  cf  Oloueestershire  and  the  refuse  ship  timber  of  Glasgow,  Newcastie, 
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and  Idverpool ;  bat,  on  tlie  otlier  hand,  where  light  wood  is  need,  snoh  at  that  gene- 
rally carbonised  in  the  Welsh  fuitories,  the  square  ovens  answer  better. 

An  ingenions  improToment  in  the  mannfactore  of  pyroligneons  add  was  patented 
some  years  ago  by  the  late  Mr.  A.  G.  Halliday,  <^  Manchester,  and  adopted  by 
several  laige  manufacturers.  The  process  consists  in  effecting  the  destructive 
distillation  of  waste  materiids,  such  as  sawdust  and  spent  dyewoods,  by  causing 
them  to  pass  in  continuous  motion  through  heated  retorts.  For  this  purpose  the 
materials,  which  are  almost  in  a  state  of  powder,  are  introduced  into  a  hopper.  R 
(Ji^.  6^,  whence  they  descend  into  the  retort^  b,  being  kept  all  the  while  in  constant 
agitation,  and  at  the  same  time  moved  forward  to  the  other  end  of  the  retort  by 
means  of  an  endless  screw,  a.  By  the  time  they  arrive  there  the  charge  has  been 
completely  carbonised,  and  all  the  pyroligneons  add  evolved  at  the  eidt  tube,  t.  The 
residuary  charcoal  falls  through  the  pipe  d  Into  a  vessel  of  water,  ■,  whilst  the  vola- 
tile products  escape  at  f,  and  are  condensed  in  the  usual  way. 

Several  of  these  retorts  are  generally  set  in  a  ftimace  side  by  side ;  the  retorts  are 
onlv  14  inches  in  diameter,  and  eight  of  these  retorts  produce  in  24  hours  as  much 
add  as  16  retorts  8  feet  in  diameter  upon  the  old  system.  In  the  manufacturing 
districts  of  Lancashire  and  Yorkshire,  wnere  such  immense  quantities  of  spent  dye- 
woods  accumulate,  and  have  inoved  a  source  of  annoyance  and  expense  for  their 
removal,  this  process  has  afforded  a  most  important  means  of  economically  converting 
them  into  valuable  products — charcoal  and  acetic  add. 

Mention  should  also  be  made  of  Messrs.  Solomons  and  Asulay's  patent  for  em- 
ploying superheated  steam  to  e£fect  the  carbonisation  of  the  wood,  which  is  passed 
directly  into  the  mass  of  materials.  Since  the  steam  accompanies  the  volatile  pro- 
ducts, it  necessarily  dUutes  the  add ;  but  this  is  in  a  great  degree  compensated  for 
by  employing  these  vapours  to  concentrate  the  distilled  products,  by  causing  them  to 
traverse  a  coil  of  tubing  placed  in  a  pan  of  the  distillates. 

As  regards  the  yield  of  acetic  add  fiK>m  the  different  kinds  of  wood,  some  valuable 
focts  have  been  collected  and  tabulated  by  Stolze,  in  his  work  on  Fyroligneous 
Add: — 


One  Foand  ot  Wood 


Weight 
of  Add 


Carbonate 
of  FotaHa 
neutraUfled 
bjOne 
Oimoeof 


Weight  of 
Charooal 


White  birch 
Bedbeech 
Large-leaved  linden 
Oak  ,        .        . 
Ash   .       .       . 
Horse  chestnut  . 
Lombardy  poplar 
White  poplar 
Bird  cherry 
Basket  wiUow     . 
Buckthorn 
Logwood 
Aldor 
Juniper 
White  fir 
Common  pine 
Common  savine 
Bedflr 


Betula  alba  . 
Fagus  sylvatica    . 
Tilia  pataphylla  . 
Quorcus  robur 
Frazinus  excelsior 
.Ssculus  hippocastanus 
Populus  dilatata  . 

.  Populus  alba 

.  Frunus  padus 
SaUx 


Khamnus     . 

Hsematoxylon  campochianum 

Alnus 

Juniperus  communis    . 

Pinus  abies . 

Pinus  sylvestris  . 

Juniperus  sabina . 

Abies  pectinata    . 


n 

7 

I 

i 

?! 

6} 


grs. 
66^ 
54 
62 
50 
44 
41 
40 
39 
87 
35 
34 
35 
30 
29 
29 
28 
27 
25 


Properties  of  the  crude  FyroUgnecua  JcitL 

The  crude  pyroligneons  add  possesses  the  properties  of  acetic  add,  combined  with 
those  of  the  pyrogenous  bodies  with  which  it  is  assodated.  As  first  obtained,  it  is 
black,  from  the  laige  quantity  of  tar  which  it  holds  in  solution ;  and  although  certain 
resins  are  removed  by  redistillation,  yet  it  is  imposnble  to  remove  some  of  the  empy- 
reumatic  oils  by  this  process,  and  a  special  purification  is  neceesair. 

In  consequence  of  the  presence  of  creosote,  and  oth^r  antiseptic  hydrocarbons,  in 
the  crude  pyroligneons  add,  it  possesses,  in  a  very  eminent  degree,  anti-pntsesceDl 
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properties.  Fleeh  steeped  in  it  for  a  few  hours  may  be  aftenraids  dried  in  the  air 
without  corrupting ;  but  it  becomes  hard,  and  somewhat  leather-like ;  so  that  this' 
mode  of  preserralion  does  not  answer  well  for  butcher*8  meat,  fish  are  sometimes 
cured  with  it^ 

Purification  qf  Pyroligneous  Acid, 

This  is  effected  either,  1st,  by  converting  it  into  an  acetate — acetate  of  lime  or 
soda — and  then,  after  the  purification  of  these  salts  by  exposure  to  heat  sufficient  to 
destroy  the  tax,  and  repeated  reciystallisation,  liberating  the  acid  again  by  distilling 
with  a  stronger  add,  e.g,  sulphuric. 

Or;  2ndly,  by  dastioying  the  pyrogenous  impurities  by  oxidising  agents,  such  as 
binoxide  of  manganese  in  the  presence  of  sulphuric  add,  ^ 

The  former  is  Uie  method  generally  adopted. 

After  the  n^htfaaiias  been  expelled,  the  add  liquor  is  run  off  iiito  tanks  to  deposit 
port  of  its  impunties ;  it  is  then  syphoned  ofif  into  another  vessel,  in  which  is  either 
milk  of  lime,  quiddime,  or  chalk ;  the  mixture  is  boiled  for  a  short  time,  and  then 
allowed  to  stand  for  24  hours  to  depodt  the  excess  of  lime  with  any  impurities  which 
the  la^r  will  carry  down  with  it.  The  supernatant  liquor  is  then  pumped  into  the 
erapoiatiiig  pans. 

The  evaporation  is  eflfected  dther  by  the  heat  of  a  fire  applied  beneath  the  evapo- 
rating pans,  or  more  frequently  by  a  ecM  of  pip^e  in  the  liquor  through  which  steam 
is  passed— the  liquor  being  kept  constantly  stirred,  and  the  impurities  which  rise 
to  tne  8ur£soe  during  the  process  carefully  skimmed  off 

From  time  to  time,  as  the  evaporation  advances,  the  acetate  of  lime  which  separates 
is  removed  W  ladles,  and  ^^m^  in  bcMkets  to  drain ;  and  the  residual  mother-liquor 
is  evaporated  to  dryness.  This  mass,  by  ignition,  is  converted  into  carbonate  of  mne 
and  acetone. 

If  the  acetate  of  lime  have  been  procured  by  directlv  saturating  the  crude  add,  it 
is  called  brcfwn  aeeUUe;  if  from  the  add  once  purified  by  redistillation,  it  is  called 
grwacftate. 

From  this  grey  acetate  of  lime  acetate  of  soda  is  now  prepared,  by  adding  sulphate 
of  soda  to  the  filtered  solution  of  the  acetate  of  lime.  In  performing  this  operation, 
it  is  hi^ly  important  to  remember  that,  for  every  equivalent  of  acetate  of  lime,  it  is 
neceasazy  to  add  two  equxvalonts  of  sulphate  of  soda,  on  account  of  the  formation  c^ 
a  double  sulphate  of  soda  and  lime.    The  equation  representing  the  change  bdng  :— 

CaO,  C*  H»  0»     +     2(NaO,SO«)    =     KaO,C*  H«  0>     +     CaO.  S0«.    NaO,  SO^ 

Acetate  of  lime.       Sulphate  of  soda.      Acetate  of  soda.  Double  salt 

O^CKSHM)*      +      2M9MO*      •     2Mmo*m*o*      +       OtfO«.  Va*SO«. 

Or;  if  sulphuric  add  be  considered  as  a  bibadc  add,  which  this  very  reaction  so 
strongly  justifies — 

C*g(Oa)0*        +        Ka«fflO*        »        0*  H«  (Na)  0*        +        nI}^*^' 

•  ^  ■  •  ^- — . 

Acetate  of  lime.  Sulphate  of  soda.  Acetate  of  soda.  Double  salt. 

If  this  point  be  neglected,  and  only  one  equivalent  of  sulphate  of  soda  be  used,  one- 
half  of  the  acetate  of  lime  may  escape  deoompodtion,  and  thus  be  lost 

After  the  separation  of  the  double  salt,  the  solution  of  acetate  of  soda  is  drawn  aSt, 
any  impurities  allowed  to  subdde,  and  then  concentrated  by  evaporation  until  it  has 
a  density  of  4*8 — when  the  acetate  of  soda  crystallises  out,  and  may  be  ftuiher 
paroled,  if  requidte,  by  another  re-solution  and  re-crystallisation.  The  contents  of 
the  mother  liquors  are  converted  into  acetone  and  carbonate  of  soda,  as  before. 

The  crystallised  acetate  of  soda  is  now  f^ised  in  an  iron  pot,  at  a  temperature  of 
about  400^,  to  drive  off  the  water  of  crystallisation,  the  mass  bdng  kept  constantly 
stirred.  A  stronger  heat  must  not  be  applied,  or  we  should  effect  the  decompodtion 
of  the  salt. 

For  the  production  of  the  acetic  add  &om  this  salt,  a  quantity  of  it  is  put  into  a 
stout  copper  still,  and  a  deep  cavity  made  in  the  centre  of  the  mass,  into  which  sul- 
phuric add  of  specific  gravity  1'84  is  poured  in  the  proportion  of  85  per  cent  of  the 
weig^  of  the  sa£b;  the  walls  of  the  cavity  are  thrown  in  upon  the  add,  and  the  whole 
bridLhr  agitated  with  a  wooden  spatula.  The  head  of  the  still  is  then  luted,  and  con- 
nected with  the  condensing  worm,  and  the  distillation  carried  on  at  a  very  gentle 
hmt.  The  wona  should  be  of  silver  or  porcelain,  as  also  the  still-head ;  and  oven 
sOvar  soldMr  ahould  be  used  to  connect  the  joinings  in  the  body  of  the  still  The  still 
is  now  generally  heated  by  a  steam  *  jadiet'    See  Distilultiom. 
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The  add  which  passes  over  is  nearly  colourless,  and  has  a  specific  gravity  of  1*05. 
That  which  collects  at  the  latter  part  of  the  operation  is  liable  to  be  somewhat  em- 
pyrenmatac,  and  therefore  before  this  point  is  reached  the  receiver  should  be  changed ; 
and  throughout  the  entire  operation,  care  should  be  taken  to  avoid  applying  too  high 
a  temperature,  as  the  flavour  and  purity  of  the  add  will  invariably  suffer. 

Any  trace  of  ompvreuma  may  be  removed  from  the  add  by  digestion  with  animal 
chazooal  and  redistallation. 

A  considerable  portion  of  this  add  czystallisea  at  a  temiwrature  of  from  40^  to 
50^  F.,  consdtutang  what  is  called  daoial  aeetio  aeid,  whidi  is  the  compound 
C«  H*  0*,  or  C«  H>  0«,  HO  (0«K*0«}. 

For  culinary  purposes,  pidding,  &c,  the  add  of  spedflc  gravity  1*05  is  diluted 
with  five  times  its  weight  of  water,  which  renders  it  of  the  same  strength  as  Bevenuo 
proof  vinegar. 

Several  modifications  and  improvements  of  this  process  have  recently  been  intro- 
duced, which  require  to  be  noticed. 

The  following  process  depends  upon  the  difficult  solubility  of  sulphate  of  soda  in 
strong  acetic  adds : — 100  lbs.  of  the  pulverised  salt  being  put  into  a  hard  glazed 
stoneware  reodver,  or  deep  pan,  from  85  to  86  lbs.  of  concentrated  sulphuric  add  are 
poured  in  one  stream  upon  the  powder,  so  as  to  flow  under  it  The  mixture  of  the 
salt  and  add  is  to  be  made  very  slowly,  in  order  to  moderate  Uie  action  and  the  heat 
generated,  as  much  as  posdble.  After  the  materials  have  been  in  intimate  contact  for 
a  few  hours,  the  decompodtion  is  efifected ;  suljphate  of  soda  in  crystalline  grains  will 
occupy  the  bottom  of  the  vessel,  and  acetic  add  the  upper  portion,  partly  liquid  and 
purtly  in  crystals.  A  small  portion  of  pure  acetate  of  lime  added  to  the  add  will 
free  it  from  any  remainder  of  sulphate  of  soda,  leaving  only  a  little  acetate  in  its 
place ;  and  though  a  small  portion  of  sulphate  of  soda  may  still  remain,  it  is  unim- 
portanty  whdteas  the  presence  of  any  free  sulphuric  add  would  be  very  injurious. 
This  is  easily  detected  by  evaporating  a  little  of  the  liquid,  at  a  moderate  neat,  to 
dryness,  when  that  mineral  add  can  be  distinguished  from  the  neutral  soda  sul]phate. 
This  plan  of  superseding  a  troublesome  distillation,  which  is  due  to  M.  Mollerat,  is  one 
of  the  greatest  improvements  in  this  process,  and  dJepends  upon  the  insolubility  of  the 
sulphate  of  soda  in  acetic  add.  The  sulphate  <^  soda  thus  recovered,  and  well 
drained,  serves  anew  to  decompose  acetate  of  lime ;  so  that  nothing  but  this  cheap 
earth  is  consumed  in  carrying  on  the  manufacture.  To  obtain  absolutely  pure  acetic 
add,  the  above  add  has  to  be  distilled  in  a  glass  retort. 

Volckd  recommends  the  use  of  hydrochloric  instead  of  sulphuric  add  for  decom- 
posing the  acetate. 

The  following  is  his  description  of  the  details  of  the  process : — 

'  The  crude  acetate  of  lime  is  separated  from  the  tar^  bodies  whieh  are  deposited 
on  neutralisation,  and  evaporated  to  about  one-half  its  bulk  in  an  iron  pan.  Bydro- 
chloric  add  is  then  added  until  a  distinctly  add  reaction  is  produced  on  cooling ;  by 
this  means  the  rednous  bodies  are  separated,  and  come  to  the  sur&ce  of  f^e  l^iling 
liquid  in  a  mdted  state,  whence  they  can  be  removed  by  skimming,  while  the  com- 
pounds of  lime,  with  creosote,  and  other  volatile  bodies,  are  likewise  decomposed,  and 
expelled  on  farther  evaporation.  From  4  to  6  lbs.  of  hydrochloric  add  for  every  33 
gidloBs  of  wood  vinegar  is  the  average  quantity  required  for  this  purpose.  The 
acetate  having  been  dned  at  a  high  temperature  on  iron  plates,  to  char  and  drive  off 
the  remainder  of  the  tar  and  rednous  bodies,  is  then  decomposed,  by  hydrodiloric 
add,  in  a  still  with  a  copper  head  and  leaden  condendn^  tube.  To  every  100  lbs.  of 
salt  about  90  to  95  Ibis,  of  hydrochloric  add  of  speofio  gravity  1*16  are  required. 
The  add  comes  over  at  a  temnuatore  of  from  100^  to  120^^  0.  (212^  to  248^  F.),  and 
is  very  slightly  impreg^tod  with  empyreumatio  pioduets,  while  a  mere  doud  is 
produced  in  it  by  mtrate  of  silver.  The  specific  gravity  of  the  product  varies  from 
1*058  to  1*061,  and  contains  mora  than  40  per  cent  of  real  add ;  but  as  it  is  sddom 
required  of  this  strength,  it  is  well  to  dilute  the  90  parts  of  hydrochloric  add  with  25 
parts  of  water.  These  proportions  then  yidd  from  95  to  100  parts  of  acetic  add  of 
specific  gravity  1*015. 

This  process  is  recommended  on  the  score  of  economy  and  greater  purity  of  pro- 
duct The  volatile  empyreumadc  bodies  are  said  to  be  more  easily  separated  by  the 
use  of  hydrochloric  than  sulphuric  add ;  moreover,  the  chloride  of  caldum  being  a 
mora  easily  f^ble  salt  than  the  sulphate  of  lime,  or  even  than  the  double  sulphate  of 
lime  and  soda,  the  acetic  add  is  more  fredy  evolved  from  the  mixture.  The  resinous 
bodies  also  decompose  sulphuric  add  towards  the  end  of  the  operation,  giving  rise  to 
sulphurous  add,  sulphuretted  hydrogen,  &c,  vAdch  contaminate  the  product 

The  decompodtion  of  acetate  of  lime  or  lead  by  means  of  sulphuric  add  has  many 
iDOonveniences,  and  there  is  danger  of  the  product  being  contaminated  with  sulphuric 
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add.  Ohiuitli  was  therefore  induced  to  employ  hydrochloric  acid  as  a  deeompoeing 
agent,  and  has  fonnd  that  when  this  add  is  not  nsed  in  excess,  the  distillate  contains 
seareely  an  appredable  trace  of  chlorine.  A  miztore  of  100  lbs.  of  raw  acetate  of 
Ume,  obtained  firom  the  distillataon  of  wood,  and  containing  90  per  cent^  of  nentral 
acetate,  with  120  lbs.  of  hydrochloric  add  (20°  Banni^O  is  allowed  to  stand  during  a 
night,  and  then  distilled  in  a  copper  TesseL  The  appncation  of  heat  requires  to  be 
gradual,  in  order  to  prerent  tne  somewhat  thick  bquor  ftom  running  over.  The 
product  of  acetic  add  amounts  to  about  100  lbs.  of  8°  B. ;  it  has  a  faint  yellow 
colour  and  empyreumatio  odour,  which  may  be  perfectly  remoyed  by  treatment  with 
wood  chaiTioal  and  subsequent  rectification. 

In  order  to  obtain  the  acetate  of  lime  sufBdently  ^ure,  V51ckel '  adopts  the  following 
process : — ^The  raw  pyroligneous  add  is  saturated  with  lime  without  previous  distil- 
lation.  A  part  of  tne  resinous  substances  dissolved  in  the  add  are  thus  separated  in 
combination  with  lime.  The  solution  of  impure  acetate  of  lime  is  allowed  to  stand 
until  it  becomes  clear,  or  it  is  filtered,  then  evaporated  in  an  iron  pan  to  about  one- 
half,  and  hydrochloric  add  added  until  a  drop  of  the  cooled  liquid  distinctly  reddens 
litmus-pa|)er.  A  part  is  sometimes  distilled  off  in  a  copper  still,  in  order  to  obtain 
wood-spixit.  The  addition  of  add  serves  to  separate  a  great  part  of  the  resin  still  held 
in  solution,  whidi  collects  together  in  the  boiling  liquid,  and  may  be  skimmed  oC  Aud 
likewise  decomposes  the  compounds  of  lime  with  creosote,  and  some  other  imperfectly- 
known  volatile  substances  whidi  are  driven  off  by  farther  evaporation.  As  these 
volatile  substances  have  little  or  no  action  upon  litmus-paper,  its  being  reddened  by 
the  liquor  is  a  sign,  that  not  only  are  the  lime  compounds  of  these  subrtances  decom- 
posed, but  also  a  small  quantity  of  acetate  of  lime.  The  quantity  of  add  neoessair 
for  this  purpose  varies,  and  depends  upon  the  nature  of  the  pyrohgneous  add,  whicn 
is  again  draiendent  upon  the  quanti^  of  the  water  in  the  wood  from  whidbi  it  is 
obtained.  Three  hundred  pints  of  wood-liquor  will  require  from  4  to  6  lbs.  of  hydro- 
chloric add. 

The  solution  of  acetate  of  lime  is  evaporated  to  dryness,  and  a  tolerably  strong  heat 
applied  at  last,  in  order  to  remove  all  volatile  substances.  Both  operations  may  be 
performed  in  the  same  iron  pans ;  but  when  the  quantity  of  salt  is  large,  the  latter 
may  be  more  advantageously  effected  upon  cast-iron  plates.  The  drying  of  the  salt 
requires  Teiy  ^^reat  care,  for  the  empyreumatic  substances  adhere  very  strongly  to 
the  acetate  oi  lime,  as  well  as  to  the  compound  of  resin  and  acetic  add  mixed  with  it, 
and  when  not  perfectly  separated,  pass  over  with  the  acetic  add  in  the  subsequent 
distillation  with  an  acid,  communicating  to  it  a  disagreeable  odour.  The  drying  must 
therefore  be  continued  until,  upon  cooling,  the  acetate  does  not  smell  at  all,  or  but 
very  slighily.  It  then  has  a  dirty  brown  colour.  The  acetic  add  is  obtained  by 
diitUlation  with  hydrodiloric  add,  in  a  still  with  a  copper  head  and  leaden  condenser ; 
and  when  proper  precautions  are  taken,  the  acetic  add  does  not  contain  a  trace  of 
either  metaL  The  quantity  of  hydrochloric  add  required  cannot  be  exactly  stated, 
because  the  acetate  of  lime  is  mixed  with  resin,  and  already  formed  chloride  of 
caldum.  In  most  instances  90  or  95  parts  by  wdght  of  add,  1*16  spedfic  gravity, 
are  suffident  to  decompose  completely  100  parts  of  Uie  salt,  without  introdudng  much 
hydrochloric  add  into  the  distillate. 

The  distilled  acetic  add  possesses  only  a  very  fednt  empyreumatic  odour,  veiT  dif- 
ferent from  that  of  the  raw  pyroligneous  add ;  it  is  perfectly  colourless,  and  should 
only  become  slightly  turbid  on  the  addition  of  nitrate  of  silver.  If  the  add  has  a 
yellowiidi  colour,  this  is  owing  to  redn  having  been  spirted  over  in  the  distillation. 
It  is  therefore  advisable  to  remove  the  redn, — ^which  is  separated  on  the  addition  of 
hydrochloric  add,  a^  floats  upon  the  suzfoce  of  the  liquid, — dther  by  skimming  or 
filtration  through  a  linen  dotn.  The  distilled  add  has  a  n>ecifio  gravity  ranging 
between  1*058  and  1*061,  containing  upwards  of  40  per  cent  of  anhydrous  acetic  add. 
It  is  rarely  that  add  of  this  strength  is  required ;  and  as  the  distillation  is  eader  when 
the  mixture  is  less  concentrated,  water  may  be  added  before  or  towards  the  end  of  the 
distillation.    Volckel  recommends  as  convenient  proportions — 

100  parts  of  acetate  of  lime, 
90  to  95  hydrochloric  add, 
25  parts  water, 

which  ^eld  ftorh.  95  to  100  parts  of  acetic  add  of  1*105  Specific  gravity ;  150  litres 
of  raw  pyroligneous  add  jiM  about  50  lbs.  of  acetic  add  of  the  above  spedfic 
gravity. 
The  acid  prepared  in  this  Way  may  be  still  farther  purified  by  adding  a  small 

*  Dingki*!  Foljrteoh.  Joom.  '  Ann.  der  Chem.  nsd  Fharm. 
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quantity  of  carbonate  of  Boda  and  rodistUling;  it  is  thus  rendered  quite  free  from 
chlorine,  and  any  remaining  trace  of  colour  is  likewise  removed.  The  slight  empy* 
reumatic  smell  may  be  removed  by  distilling  the  add  with  about  2  or  8  per  cent  of 
add  chromate  of  potash.  Oxide  oi  manganese  is  less  efficadous  as  a  purifying  agent 
Although  pure  acetic  add  may  be  procured  by  the  distillation  of  vinegar,  the  whole 
of  the  add  cannot  be  obtained  except  by  distilling  to  diyness,  by  which  means  tiie 
extractive  substances  are  burnt,  and  the  distillate  rendered  impure.  In  order  to 
obviate  this  difficulty,  Stein  >  proposes  to  add  80  lbs.  of  salt  to  eveiy  100  lbs.  of  vinegar ; 
the  boiling  point  is  thus  raised,  and  the  add  passes  over  completely. 

B.—Manufac(uM  of  AeeHe  Aeid  Jwm  Acetate  </  Copper, 

Before  the  process  for  ^yroligneons  add,  or  wood  vinegar,  was  known,  there  was 
only  one  method  of  obtaimng  strong  vinegar  practised  by  chemists ;  and  it  is  still 
followed  by  some  operators,  to  prepare  what  is  called  ra4ical  or  aromatic  vinegar. 
This  consists  in  decomposing,  by  heat  alone,  the  crystallised  binacetate  of  copper, 
commonly,  but  improperly,  called  distilled  verdigris.  With  this  view,  we  take  a 
stoneware  retort  (fiff.  6),  of  a  size  suited  to  the  quantity  we  wish  to  operate  upon,  and 
coat  it  with  a  mixture  of  fireclay  and  horsedung,  to  make  it  stand  the  heat  better. 
When  this  coating  is  diy,  we  introduce  into  the  retort  the  crystallised  acetate  slightly 
bruised,  but  veiy  dry ;  we  fill  it  as  far  as  it  will  hold  without  spilling  when  the  beak 
is  condderablv  indined.  We  then  set  it  in  a  proper  fiimace.  We  attach  to  its  neck 
an  adapter  ppe,  and  two  or  three  globes  with  opposite  tubulures,  and  a  last  globe 
with  a  vertioEd  tubulure.  The  apparatus  is  terminated  by  a  Wdter's  tube,  with  a 
double  branch ;  the  shorter  issues  from  the  last  globe,  and  the  other  dips  into  a  fiask 
filled  with  distilled  vinegar.  Everything  bdng  thus  arranged,  we  lute  the  joinings 
with  a  putty  made  of  pipeclay  and  linseed  oil,  and  cover  them  with  glue  paper« 

Each  globe  is  placed  in 
^  a  separate  basin  of  cold 

water,  or  the  whole  may 
be  put  into  an  oblong 
trough,  through  which  a 
constant  stream  of  cold 
water  is  made  to  fiow. 
Hie  tubes  must  be  al- 
lowed a  day  to  dry.  Next 
day  we  proceed  to  the 
distillation,  tempering 
the  heat  very  nicely  at 
the  beginning,  and  in- 
creadng  it  by  very  slow  degrees  till  we  see  the  drops  follow  each  oilier  pretty  rapidly 
from  the  neck  of  the  retort,  or  the  end  of  the  adapter  tube.  The  vapours  which  pass 
over  are  very  hot,  whence  a  series  of  globes  are  neoMsaiy  to  condense  them.  We 
should  renew,  from  time  to  time,  the  water  of  the  banns,  and  keep  mmst  pieces  of 
doth  upon  the  globes ;  but  this  demands  great  care,  especially  if  the  fire  be  a  little 
too  brisk,  for  the  vessels  become,  in  that  case,  so  hot,  that  they  would  infallibly  be 
broken  if  touched  suddenly  with  cold  water.  It  is  always  easy  for  us  to  regulate 
this  operation  according  to  the  emission  of  gas  from  the  extremity  of  the  apparatus. 
When  the  air-bubbles  succeed  each  other  with  great  rapidity,  we  must  damp  the  fire. 
The  liquor  which  passes  in  the  first  half  hour  is  weakest;  it  proceeds,  in  some 
measure,  from  a  little  water  sometimes  left  in  the  crystals,  which,  when  well  made, 
however,  ought  to  be  anhydrous.  A  period  arrives  towards  the  middle  of  the  process 
when  we  see  the  extremity  of  the  beak  of  the  retort,  and  of  the  adapter,  covered  with 
crystals  of  a  lamellar  or  needle  shape,  and  of  a  pale  green  tint  By  degrees  these 
crystals  are  carried  into  the  condensed  liquid  by  the  add  vapours,  and  give  a  colour 
to  the  product  These  crystals  are  merely  some  of  the  eapreons  salt  forced  over  by 
the  heat  As  the  process  approaches  its  condusion,^  we  find  more  difficulty  in  raising 
the  vapours ;  and  we  must  then  anient  the  intensity  of  the  heat,  in  order  to  continue 
thdr  disengagement  Finalljr»  we  judge  that  the  process  is  altogether  finished,  when 
the  globes  become  cold,  notwithstanding  the  fhmace  is  at  the  hottest,  and  when  no 
more  vapours  are  evolved.  The  fire  may  then  be  allowed  to  go  out>  and  the  retort 
to  cool. 

As  the  acid  thus  obtained  is  slightly  tinged  with  copper,  it  must  be  rectified  before 
bringing  it  into  the  market  For  this  purpose  we  may  make  use  of  the  same  appa- 
ratus, only  substituting  for  the  stoneware  retdrt  a  glass  one,  placed  in  a  sand-biEith« 

*  Folytech.  Ceolnablatt,  1652,  p.  895. 
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All  tlie  globes  ought  to  be  perfectly  deftn  and  diy.  The  distillation  is  to  be  oon- 
dnctod  in  the  nsoal  way.  u  we  diride  theprodnct  into  thirds,  the  first  yields  the 
feeblest  acid,  and  the  third  the  strongest  We  conld  not  posh  the  process  quite  to 
di^ess,  because  there  remain  in  the  last  portions  certain  impurities  which  would 
ii\]ure  the  flaTour  of  the  acid. 

Hie  total  add  thus  obtained  forms  nearly  one-half  of  the  weight  of  the  acetate 
employed,  and  the  residuum  forms  three-tenths ;  so  that  about  two-tenths  of  the  acid 
hare  been  decomposed  by  tiie  heat,  and  are  lost. — Ure. 

Other  metallic  acetates  may  be  used  instead  of  the  acetate  of  copper,  but  with 
Tariable  results  as  to  the  amount  of  acetic  add  which  they  yield.  Acetates  which 
haye  easily  reducible  oxides — as  those  of  copper,  silyer,  mercury,  lead,  &c — aflbrd 
a  larger  proportion  of  acetic  acid ;  but  acetone  and  marsh  gas,  as  well  as  carbonic  oxide 
and  carbonic  add,  invariably  accompany  it.  The  acetate  of  silrer  giyes  no  acetone; 
whilst  those  of  the  alkaline  earths  yield  diiefly  acetone  or  marsh  gas,  and  are  converted 
into  carbonates.    See  Acbtons. 

JnkydrouM  Acetic  JM^  as  made  by  Gerhardt,  is  obtained  by  mixing  perfectly  dry 
fbsed  acetate  of  potash  with  about  half  its  weight  of  chloride  of  benzoyle,  and  ap- 
plying a  gentle  heat;  when  a  liquid  distils  oyer,  which,  after  being  rectified,  has  a 
constant  boiling  point  of  279^  F.,  and  is  heavier  than  water,  with  which  it  does  not 
mix  until  after  it  has  been  agitated  with  it  for  some  time.  It  dissolves  at  once  in  hot 
water,  forming  acetic  add. 

Ude9  of  AceHo  Acid, 

Acetic  acid  is  extensively  employed  in  the  arts,  in  the  manufacture  of  the  various 
acetates,  especially  those  of  alumina  and  iron,  so  extensivel^r  employed  in  calico- 
printing  as  mordants,  sugar  of  lead,  &c.  It  is  likewise  used  in  the  preparation  of 
varnishes,  for  dissolving  sums  and  albuminous  bodies ;  in  the  culinary  arts,  espedally 
in  the  mamifacture  of  pickles  and  other  condiments ;  in  medidne,  externally,  as  a 
local  irritant,  and  internally,  to  allay  fever,  &c. 

Por  the  treatment  in  cases  of  poisoning,  we  lefor  to  Taylor,  Fexeiray  and  other 
medical  authorities. 

For  the  ManujGacture  of  Vinegar,  see  ViNBaAB. 

ACano  aXMBrnfl.  (AoeUUeqfJdhyL  JS^Htker,  EssignapJUha^  Esiigsdures 
MtkylogydA  These  are  compounds  of  acetic  acid  with  the  alcohol  radicals.  See 
Badicals,  Axcohol,  and  Badicals,  Chbxical. 

AOBTZMLBTJUi.  An  apparatus  used  in  the  processes  for  determining  the 
strength  of  vinegar.    Consult  Watts's  Dictitmary  qf  ChemUtry, 

AUJITIMBTKT*  Determwation  of  the  Btrength  of  Vinegar, — ^If  in  vinegars,  wo 
were  dealing  with  mixtures  of  pure  acetic  add  and  water,  the  determination  of  the 
density  mig^t  to  a  certain  extent  affi>rd  a  criterion  of  the  strength  of  the  solution  ; 
but  vinegar,  espedally  that  obtained  from  wine  and  malt,  invariably  contains  gluten, 
saccharine,  ana  mucilaginous  matters,  which  increase  its  density  and  render  this 
method  altogether  falladous. 

An  accurate  means  of  determining  the  strength  of  vinegar  is  by  ascertaining  the 
quantity  of  carbonate  of  soda  or  potash  neutralised  by  a  given  weight  of  the  vinegar 
under  examination.  This  is  performed  by  adding  to  the  vinegar  a  standard  solution 
of  the  alkaline  carbonate  of  known  strength  from  a  burette,  until,  after  boiling  to 
expel  the  cairbonic  add,  a  solution  of  litmus  previously  introduced  into  the  liquid  is 
rendered  distinctly  blue. 

The  details  of  Uiis  process,- which  is  equally  applicable  to  mineral  and  other  organic 
acids,  will  be  found  fully  described  under  the  head  of  Aciddcetrt. 

Booghly,  it  may  be  stated  that  eyeiy  68  grains  of  the  pure  anhydrous  carbonate  of 
soda,  or  every  69  grains  of  carbonate  of  potassa  (t.«.  one  equivalent),  correspond  to 
60  gniins  of  acetic  add  (C*  H^  0*). 

•  It  is  obvious  that  preliminary  examinations  should  be  made  to  ascertain  if  sul- 
phuric, hydrochloric,  or  other  mineral  adds  are  present;  and,  if  so,  their  amount 
determined ;  otherwise  they  will  be  reckoned  as  acetic  add. 

The  British  malt  vinegar  is  stated  in  the  *  London  Pharmacopoeia '  to  require  a 
drachm  (60  grains^  of  crystallised  carbonate  of  soda  (which  contains  10  equivalents 
Of  water  of  ciystallisation),  for  saturating  a  fiuid  ounce,  or  4*46  grains ;  it  contains, 
in  fiMt,  from  4*6  to  5  per  cent  of  real  acetic  add. 

The  same  authorities  consider  that  the  purified  pjrroligneous  add  should  require  87 
gi»ins  of  carbonate  of  soda  for  saturating  100  grains  of  the  add. 

Dr.  Ure  suggests  the  use  of  the  bicarbonate  of  potash.  Its  atomic  wdght,  referred 
to  hydrogen  as  unity,  is  100*684,  while  the  atomic  weight  of  acetic  odd  is  61*663 ;  if 
'W9  estimate  2  grains  of  the  bicarbonate  as  equivalent  to  1  of  the  real  add,  we  shall 
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oommit  no  appreciable  emr^  Henoe  a  solution  of  the  carbonate  containing  200 
grains  in  100  measures  will  fonn  an  acetimeter  of  the  most  perfect  and  conyonient 
kind ;  for  the  measures  of  test  li^d  expended  in  saturating  any  measure — ^for  instance, 
an  ounce  or  1,000  grains  of  acid — ^wiU  indicate  the  number  of  grains  of  real  acetic 
acid  in  that  quantity.  Thus  1,000  grains  of  the  above  proof  would  require  50  measures 
of  the  acetimetrical  alkaline  solution,  showing  ihat  it  contains  60  grains  of  real  acetic 
add  in  1,000,  or  6  per  cent 

Although  the  bicarbonate  of  potash  of  the  shops  is  not  absolutely  constant  in  com- 
position, yet  the  method  is  no  doubt  accurate  enough  for  all  practi^  purposes. 

The  acetimetrical  method  eniployed  by  the  Exdse  is  that  recommended  by  Messrs. 
J.  and  P.  Taylor,  and  consists  in  estimating  the  strength  of  the  acid  by  the  specific 
gravity  which  it  acquires  when  saturated  bv  hydrate  of  lime.  Add  which  contains 
6  per  cent  of  real  add  is  equal  in  strength  to  the  best  malt  vinegar,  called  by  the 
mSkeia  No.  24,  and  is  assumed  as  the  standard  of  vinegar  strength,  under  the  deno 
mination  of  '  proof  vinegar.'  Add  which  contains  40  per  cent  of  real  acetic  add,  is 
therefore,  in  the  language  of  the  Kevenue,  85  per  cent  over  proof;  it  is  the  strongest 
add  on  which  duty  is  charged  by  the  acetimeter.  In  the  case  of  vinegars  which  have 
not  been  distilled,  an  allowance  is  made  for  the  increase  of  weight  due  to  the  mucilage 
present;  hence,  in  the  acetimeter  sold  by  Bate,  a  weight,  marlrod  k,  is  provided,  and 
IS  used  in  trying  such  vinegars.  As  the  hydrate  of  lime  employed  causes  the  pre- 
cipitation of  part  of  the  mucilaginous  matter  in  the  vinegar,  it  serves  to  remove  this 
difficulty  to  a  certain  extent    {JPereira,) 

As  the  colour  of  malt  vinegar  or  impure  acetic  add  sometimes  obscures  the  exact 
termination  of  the  reaction,  when  a  standard  solution  of  carbonate  of  soda  is  used, 
with  litmus  as  an  indicator,  it  is  better  to  use  the  ammoniacal  solution  of  copper 
recommended  by  Kiefer.  Tlus  is  made  by  dissolving  sulphate  of  copper  in  water  and 
adding  solution  of  ammonia  till  the  predpitate  of  buic  salt  which  formB  at  first  j^ist 
redissolres.  The  strength  of  the  copper  solution  is  then  ascertained  by  means  of  a 
standard  solution  of  sulphuric  add.  To  use  it  a  certain  quantity  of  the  vinegar  to 
be  tested  is  measured  with  a  pipette  and  placed  in  a  beaker  or  mbeir  suitable  vessel 
and  the  copper  solution  gradually  run  into  it  from  a  burette.  The  bluish  green 
prodjpitate  formed  disappears  on  stirring  as  long  as  anj  free  add  xemains,  but  as  soon 
as  it  18  completely  neutralised  a  permanent  tunuditv  is  produced.  A  sheet  of  dark- 
coloured  paper  placed  under  the  beaker  enables  the  end  of  the  experiment  to  be 
distinguished  with  greater  facility.  It  is  necessary  that  the  add  should  be  so  dilute 
tbit  the  predpitate,  which  is  seen  on  adding  the  first  drop  of  copper  solution,  only 
disappears  on  agitating  the  mixture ;  it  is  then  of  a  suitable  strengtn. 

An  excellent  method,  equalljr  applicable  to  every  description  of  acetic  add,  has  been 
proposed  by  Mohr.  Pure  predpitated  carbonate  of  lime  or  baryta  is  added  in  excess 
to  a  known  quantity  of  the  add  to  be  tested.  When  the  efEbrvescence  has  ceased  the 
mixture  is  heated,  to  complete  the  saturation  of  the  add  and  to  expel  the  carbonic 
add  gas.  The  excess  of  the  earthy  carbonate  employed  is  then  filtered  0%  washed 
with  hot  water,  and  its  amount  ascertained  by  means  of  a  standard  add  and 
an  alkaline  solution,  as  described  in  the  artide  on  alkalimetry.  The  result  thus 
obtained  is  subtracted  from  the  weight  of  the  carbonate  added,  and  gives  the 
quantity  which  has  been  consumed  in  saturating  the  add.  100  pi^  of  carbonate 
of  lime  dissolved,  represent  102  of  acetic  add,  viewed  as  anhydrous,  or  120  of  the 
hydmtedadd. 

AOBTOVa.  A  volatile  spirit  obtained  bv  the  distillation  of  the  acetates  of  the 
alkaline  earths.  It  may  also  be  prepared  by  the  destructive  distillation  of  dtric  add, 
or  by  distilling  starch,  sugar,  or  gum  with  quicklime.  The  formula  of  aoetcme  is 
C«H«0*(OWO).    See Ptboagbtio draur. 

AOSTTIm  Some  chemists  (following  Benselius,  who  denied  the  existence  of  oxidised 
radicals)  regard  acetyl  as  a  radical,  l£e  teroxide  of  which  constituted  acetic  add. 
The  followers  of  Gerhardt  on  the  other  hand,  consider  acetic  add  to  contain  a  radical 
of  the  fbrmula  0^  H*  0>  (0*M*0).  The  latter  is  generally  known  as  acetyL  Dr. 
Williamson  proposes  to  call  it  othyL 

AOMTTTi  A  HffTWmi  G^  H*  N  (CTH^V).  An  oily  alkaldd»  produced  by  acting 
with  the  oil  of  defiant  gas  (Dutch  liquid,  or  diloriae  of  ethylene)  on  an  alcoholic 
Bolutiori  of  ammonia. 

AUJBTVXXWa.  A  hydrocarbon  containing  O4  H^  (Og  Bg).  By  pasdng  a 
voltaic  current  through  carbon  points  in  an  atmosphere  of  hydiraigen,  acetylene  is 
formed  by  the  direct  union  of  its  elements.  It  may  also  be  produced  by  the  incom- 
plete combustion  of  certain  hydrocarbons,  and  indeed  by  the  imperfect  oxidation  of 
most  organic  compounds.  Acetylene  is  a  colourless  gas,  possesdng  a  peculiar  odour, 
and  burning  with  an  intensely  luminous  flame.  A  highly  charaStenstio  reaction  of 
•ce^leno,  by  which  its  presence  may  readily  be  detenniDod,  is  the  formation  of  a 
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red  precipitate  when  broiight  in  contact  with  an  ammoniaeal  solution  of  sntxsliloride 
of  copper.  This  zed  oomponnd  explodes  either  Ij  percussion,  or  on  being  suddenly 
heated  to  a  temperature,  a  little  above  that  of  boiling  water.  It  has  been  suggested 
that  this  is  probably  the  cause  of  certain  gas  explosions  which  hare  occurred  in  un- 
screwing the  brass  fittings  of  gas-meters.  Aoe^ene  is  one  of  the  constituents  of 
coal  gas,  and  the  zed  explosrvo  compound  is  liable  to  be  formed  by  contact  of  the  gas 
with  the  tarasB-wink. 

ACBMOWMAmOt  diriiiute  ofcdUmt.  White  light  consists,  as  is  shown  by  its  de- 
composition  by  a  prism,  of  several  coloured  rays,  having  diiflferent  degrees  of  zefrangi- 
bili^.  When,  therefore,  white  light  |«sses  through  any  transparent  body,  such  as 
a  lens,  it  is  liable  to  this  decomposition  to  a  greater  or  a  less  extent,  and  hence 
colour  is  produced.  This  is  termed  ckromatic  aberraHon,  Many,  especially  old- 
fashioned,  telescopes  exhibit  oljeots  surrounded  by  beautifully  coloured  mnges. 
Now  the  means  which  have  been  devised  to  prevent  this  are  termed  achromatic, 
signifying  the  dsprivoHom  qfcohur.    See  Light. 

AjOMMOWULTXO  &B3m«  Hale,  in  1788,  constructed  lenses  which  did  not  pro- 
duce chromatic  dispersion.  In  1757  DoUond  arrived,  by  a  perfectly  independent 
examination,  at  the  same  discoveiy,  and  published  it 

A  lens  may  be  regaxded  as  a  number  of  prisms  united  round  a  centre ;  therefore  a 
ray  of  light  falling  on  a  lenticular  glass  is  decomposed,  and  the  ravs  beingof  unequal 
le&angibility,  they  have  on  its  axis  as  many  fod  as  there  are  colours.  The  images, 
therefore,  of  objects  which  are  produced  at  these  points  are  superimposed,  more  or 
lees,  and  the  wgM  fringed  with  indistinct  colours.  The  least  nmngible  rays  unite 
at  fDd  further  away  than  the  more  refrangible ;  and  the  obiect  sought  for,  and 
attained,  by  both  Hale  and  Bollond,  was  the  means  of  imiting  tnese  rays  at  one  focal 
point  They  combined  fiint-glass  with  crown-glass,  and  found  that,  by  a  suitable 
curvature  nven  to  the  object^asses,  the  images  seen  through  them  were  distinct,  and 
free  from  uiete  adventitious  colours. 

Telescopes,  inioroseopes,  &c.,  fitted  up  with  such  combinations  of  lenses  as  those 
deBOEibed,  «ee  called  aonicanatic  telescopes. 

AOZOmblTB.  A  name  applied  to  Aikenite  (a  native  sulphide  of  bismuth, 
copper  and  lead)^  in  allusion  to  its  occurrence  in  adcular,  or  needle-like  crystals.  See 
Amormk 

Ajoa^  (Jcidui,  sour,  X.)  The  term  add  was  formerly  applied  to  bodies  which 
were  sour  to  the  taste,  and  in  popular  language  the  word  is  still  so  used.  It  is  to  be 
regretted  that  the  necessities  of  sdence  have  led  to  the  extension  of  this  word  to  any 
bodies  combining  with  bases  to  form  salts,  whether  such  combining  body  is  sour  or 
otherwise.  Had  not  the  term  acid  been  established  in  langua^  as  expressing  a  sour 
body,  there  would  have  been  no  objection  to  its  use ;  but  chemists  now  apply  the  term 
to  substances  which  are  not  sour,  and  which  do  not  change  bltie  vegetable  colours ; 
and  consequentiy  they  fail  to  convey  a  correct  idea  to  the  popular  mind. 

Hobbes,  in  his  *  Computation  or  liOgic,*  says,  *  A  name  is  a  word  taken  at  pleasure 
to  serve  for  a  mark  which  may  raise  in  our  mind  a  thought  like  to  some  thought  we 
had  before,  and  wMch,  being  pronounced  to  others,  may  be  to  them  a  sign  odf  what 
thought  the  speaker  had,  or  had  not,  before  in  his  mind.'  This  philosopher  thus  truly 
expiesses  the  purpose  of  a  name ;  and  this  purpose  is  not  fiUfiUed  by  the  term  acta, 
as  now  employed. 

Mr.  John  Stuart  Mill,  in  his  *  System  of  Logic,*  thus,  as  it  appears  not  very  hap- 
pily, endeavours  to  show  that  the  word  acid,  as  a  scientific  term,  is  not  inappropriate 
or  incorrect 

*  Sdentiflc  definitions,  whether  they  are  definitions  of  sdentafio  terms,  or  of  common 
terms  tued  in  a  scientific  sense,  are  almost  always  of  the  kind  last  spoken  of :  their 
main  purpose  is  to  serve  as  the  landmarks  of  sdentific  classification.  And,  dnce  the 
dasdfications  in  any  sdence  are  continually  modified  as  sdentific  knowledge  advances, 
the  d^nitions  in  the  sdences  are  also  constantiy  varying.  A  striking  instance  is 
afforded  by  the  words  add  and  alkali,  espedally  the  former.    As  en)erimental  dis- 


ooverv  advanced,  the  substances  classed  with  adds  have  been  constant^  multiplying ; 
and,  by  a  natural  consequenqe,  the  attributes  connoted  by  the  word  have  receded  and 
become  fewer.  At  first  it  connoted  the  attributes  of  combining  with  an  alkali  to  form 
a  neutral  substance  ^called  a  salt),  being  compounded  of  a  base  and  d^gen,  caustidty 
to  the  taste  and  toucm,  fiuidity,  &c.  The  true  analgia  of  muriatic  acid  into  chlorine 
and  Inrdrogen  caused  the  second  property,  composition  from  a  base  and  oxygen,  to  be 
excluded  iSom  the  connotation.  The  same  discovery  fixed  the  attention  of  chemists 
upon  hydrogen  as  an  important  element  in  acids ;  and  more  recent  discoveries  having 
led  to  tile  recognition  of  its  presence  m  sulphuric,  nitric,  and  many  other  adds,  where 
its  existence  was  not  previously  suspected,  there  is  now  a  tendency  to  indude  the 
presence  of  this  element  in  the  connotation  of  the  word*  But  carbonic  add,  dlica, 
Yoi.  I.  C 
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and  gnlphimms  add,  hare  tto  hydrogen  in  their  oompoeition ;  that  property  cannot, 
therefore,  be  connoted  b^  the  term,  unless  those  substances  are  no  longer  to  be  con- 
sidered adds.  Caustiaty  and  fluidity  haye  long  since  been  exduded  £rom  the 
characteristics  of  the  dass  by  the  indusion  of  silica  and  many  other  substances  in  it ; 
and  the  formation  of  neutral  bodies  b^  combination  inth  alkalis,  together  with  such 
electzo^emical  peculiarities  as  this  is  supposed  to  impl^r,  are  mxyr  the  only  diffs* 
reniia  which  form  the  fixed  connotation  of  the  word  add  as  a  terai  of  chemical 
sdenoe.' 

The  term  Aixiu,  though  it  is  induded  by  Mr.  J.  8.  Mill  in  connection  with  acid 
in  his  remarks,  does  not  stand,  eyen  as  a  sdentiflc  term,  in  the  objectional  position  in 
which  we  find  add  Jlkaii  is  not,  strictly  speaking,  a  common  name  to  which  any 
definite  idea  is  attached.  Acidt  on  the  contrary,  is  a  word  eommonlv  employed  to 
signify  sour.  The  highest  chemical  authorities,  following  Geriiardft,  now  define 
Acms  to  be  Salts  of  Rydrogm^  or  compounds  in  which  the  hydrogen  may  be  readily 
replaced  by  a  metal  so  as  to  form  an  ordinary  s^t 

An  add  must  now  be  defined  to  be  a  body  which  has  the  power  of  destroying  more 
or  less  completely  the  characteristic  properties-  of  alkalis — at  the  same  time  losing 
its  own  distinguishing  peculiarities.    See  AlxaIi  ;  AmtTDBiDis. 

In  this  Dictionary  all  the  adds  named  will  be  found  under  their  respectiye  heads, 
as  AoBnc,  N itbic,  Sui.fhubio  Adds,  &c 

AOZBZram.  Any  body  whose  presence  appears  to  be  necessary  for  the  pro- 
duction of  an  add. 

AOZBZaiXTaB.  An  instrument  for  measuring  the  strength  or  quantity  of  real 
add  contained  in  a  £ree  state  in  liquids.  The  construction  of  that  instanment  is 
founded  on  the  prindple  that  the  quantity  of  real  add  present  in  any  sample  is  too- 
portional  to  the  quantitjr  of  alkaU  which  a  giyen  weight  of  it  can  neutralise.  The 
instrument,  like  the  alkalimeter  (see  Axjealdcbibb),  is  made  to  contain  1,000  grains  in 
weight  of  pure  distilled  water,  and  is  divided  accurately  into  100  divisions,  each  of 
which  therefore  represents  10  grains  of  pure  distilled  water;  but  as  the  spedfic 
gravity  of  the  liquios  which  it  serves  to  measure  may  be  heavier  or  lifter  than  pore 
water,  100  divisions  <rf  such  liquids  are  often  called  1,000  grains*  measure,  irrespec- 
tively of  their  weight  (spedfic  gravity),  and  accordingly  10-20  ^sc  divisions  of  the 
addimeter  are  spoken  of  as  100-200  &c.  grains'  measure ;  that  is  to  say,  as  a  .quantity 
or  measure  which,  if  filled  with  pure  wat^,  would  have  weighed  that  number  of  grains. 

AOZBXMBTBTs  Addimetry  is  the  name  of  a  chemical  process  of  analysis  by 
means  of  which  the  strength  of  adds— ^that  is  to  say,  the  quanti^  of  pure  free  add 
contained  in  a  liquid— can  be  ascertained  or  estimated.  The  principle  df  the  method 
is  based  upon  Dalton's  law  of  chemical  combinations ;  or,  in  other  words,  upon  the  fact 
that,  in  order  to  produce  a  complete  reaction,  a  certain  definite  wdgfat  of  reagent  is 
'  required. 

If,  for  example,  we  take  1  equivalent,  or  49  parts  in  weight,  of  ptire  oil  of  vitriol  of 
spedfic  gravity  1*8485,  dilute  it  (of  course  within  limits)  with  no  matter  what  quantity 
of  water,  and  add  thereto  dther  soda,  potash,  magnesia,  ammonia,  or  their  carbonates, 
or  in  fact  an^  otiier  base,  until  the  add  is  neutralised — that  is  to  say,  until  blue 
litmus-paper  is  no  longer,  or  only  very  faintly,  reddened  when  moistened  with  a  drop 
of  the  add  liquid  under  examination — it  will  be  found  that  the  respective  weights  of 
each  base  required  to  produce  that  effect  will  greatly  differ,  and  that  with  respect  to 
the  bases  just  mentioned  these  weights  will  be  as  follows  :— 


Soda  (caustic)   1   eqnir.=31  parts  in  weight 
Potash  (caustic)       „     =  47  „ 

Ammonia  „      ..17  „ 

Oarbonate  of  soda    „     ^58  „ 

Carbonate  of  potash  „     » 69  „ 


Saturate  or  neutralise  1 
eqy. «  49  parts  in  weight 

'  of  pure  oil  of  vitriol  (sp. 
gr.  1*8486),  or  1  equiv. 
of  any  other  add. 


This  bdng  the  case,  it  is  evident  that  if  we  wish  to  ascertain  by  such  a  method  the 
quantity  Si  sulphuric  add  or  of  any  other  add  contained  in  a  liquid,  it  will  be  neceesaiy, 
on  the  one  hand^  to  weigh  or  measure  accurately  a  given  quantity  of  that  liquid  to  be 
examined,  and,  on  the  other  hand,  to  dissolve  m  a  known  volume  of  water  tne  weigkt 
above  mentioned  of  any  one  of  the  bases  just  alluded  to,  and  to  pour  that  solution 
gradually  into  that  of  the  add  until  neutralisation  is  obtained ;  the  number  of  volumes 
of  the  basic  solution  which  will  have  been  required  for  the  purpose  will  evidently  in- 
dicate the  amount  in  weight  of  add  which  existed  in  the  liquid  under  examination. 
Acidimetry  is  therefore  exactly  the  reverse  of  alkalimetxr,  since  in  principle  it  depends 
on  the  number  of  volumes  of  a  solution  of  a  base  diluted  with  water  to  a  definite 
strenffth,  which  are  required  to  neutralise  a  known  wdght  or  measure  of  the  different 
samples  of  adds. 
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The  Bohition  eontaining  the  known  wdghi  of  biiee,  and  capable  therefore  of  satu- 
lating  a  known  weighi  of  add,  is  called  a  'test-liquor;'  and  an  aqueous  solution  of 
ammonia,  c^  a  standard  strength,  as  first  proposed  by  Dr.  lire,  amirds  a  most  exact 
and  convenient  means  of  effecting  the  purpose,  vhen  gradually  poured  from  a  gra- 
duated dropping-tube  or  addimeter  into  the  sample  of  add  to  be  examined. 

The  strength  of  the  water  of  ammonia  used  for  the  experiment  should  be  so  adjusted 
that  1,000  grains'  measure  of  it  (that  is,  100  divisions  of  the  allcalimeter)  really  con- 
tain one  equivalent  (17  grains)jDf  ammonia,  and  consequently  neutralise  one  equi- 
valent of  any  one  r^  add.  The  spedfic  gravity  of  the  pure  water  of  ammonia 
em]^yed  as  a  test  fior  that  pur^e  should  be  exactly  0*992,  and  when  so  actjusted, 
1,000  grains'  meamire  (100  divisions  of  the  addimeter)  will  then  neutralise  exactly 

40  grains,  or  one  oquiralent»  of  sulphuric  add  (dry). 
49       M  It  t»  oilof  vitriol,  sp.  gr.  1*8486. 

37*6    f»  ,.  »  hydrochloric  add  (gas,  diy), 

64       „  „  „  mtiic  add  (dry). 

60  „  „  „  crystallised  acetic  add. 
46  „        '    „         „  ondic  add. 

160       „  „  n  tartaric  add. 

61  M  n  n  acetic  add. 
And  so  forth  with  the  other  adds. 

A  standard  liquor  of  ammonia  of  that  strength  becomes,  therefore,  a  universal 
addimeter,  since  the  number  of  measures  or  divisions  used  to  tSSadt  the  neutralisation 
of  10  or  of  100  grains  of  anv  one  add,  being  multiplied  by  tJie  atomic  weight  or 
equivalent  number  of  the  add  under  examination,  the  product,  divided  by  10  or  by 
100,  will  indicate  the  per-oentage  of  real  add  contained  in  the  sample ;  the  propor- 
tion of  fiee  add  being  thus  determined  with  precision,  even  to  ^&  of  a  grain,  in  the 
oomse  of  five  minutes,  as  will  be  shown  presently. 

The  most  convenient  method  of  preparing  the  standard  liquor  of  ammonia  of  that 
spedfic  gravity  is  by  means  of  a  glass  bead,  not  but  that  specific-gravity  bottles  and 
hydrometers  may,  of  course,  be  employed ;  but  Dr.  Ure  r^narks,  with  reason,  that 
they  furmsh  incomparably  more  tedious  and  less  delicate  means  of  adjustment  The 
glass  bead,  of  the  gravi^  which  the  test-liquor  of  ammonia  should  have,  floats,  of 
course,  in  the  mid£e  of  such  a  liquor  at  the  temperature  of  60°  F. ;  but  if  the 
strength  of  the  liquor  becomes  attenuated  by  evaporation,  or  its  temperature  increased, 
the  attention  of  the  operator  is  immediately  caUed  to  the  fstct,  since  the  difference  of 
a  dn^  degree  of  heat,  or  the  loss  of  a  single  hundredth  part  of  a  grain  of  ammonia 
per  cent,  wM  cause  the  bead  to  dnk  to  the  bottom— a  degree  of  predsion  which  no 
hydrometer  can  rival,  and  which  could  not  otherwise  be  obtained,  except  by  the 
troublesome  operation  of  accurate  weighing.  Whether  the  solution  remains  uniform 
in  strength  is  oest  ascertained  by  introducing  into  the  bottle  containing  the  ammonia 
test-liqaor  two  ghus  beads,  so  adjusted  that  one,  bdng  very  slightly  heavier  than  the 
liquid,  may  remain  at  the  bottom ;  whilst  the  other,  being  very  slightly  lighter, 
readies  the  top,  and  remains  just  under  the  surfeu^  as  long  as  the  U^uor  is  in  the 
Donual  state ;  but  when,  by  uie  evaporation  of  some  ammonia,  the  hquor  becomes 
weaker,  and  consequently  its  spedfic  gravity  greater,  the  bead  at  the  bottom  rises 
towards  the  surface,  in  which  case  a  few  drops  of  strong  ammonia  should  be  added 
to  restore  the  balance. 

An  aqueous  solution  of  ammonia,  of  the  above  strength  and  gravity,  being  pre* 
pared,  the  addimetrical  process  is  in  every  way  dmilar  to  that  practised  in  alkali* 
metiy ;  that  is  to  say,  a  Imown  wei^t,  for  example,  10  or  100  grains  of  the  sample 
of  aod  to  be  examined,  are  poured  into  a  sulBdently  large  glass  vessel,  and  diluted, 
if  need  be,  with  water,  and  a  little  tincture  of  litmus  is  poured  into  it,  in  order  to 
impart  a  ^Bstinct  red  colour  to  it ;  100  divisions,  or  1,000  grains'  measure,  of  the 
standard  ammonia  test-liquor  above  alluded  to,  are  then  poured  into  an  alkalimeter 
(which,  in  &e  present  case,  is  used  as  an  addimeter),  and  the  operator  proceeds  to 
pour  the  ammonia  test-liquor  from  the  alkalimeter  into  the  vessel  containing  the  add 
under  examination,  in  the  same  manner,  and  with  the  same  precautions  used  in  alkali- 
metry (see  AxKAUXBTKT^  until  the  change  of  colour,  from  red  to  blue,  of  the  add 
Bqnor  in  the  vessel  indicates  that  the  neutralisation  is  complete  and  tiie  operation 
finished. 

Let  us  suppose  that  100  grains  in  weight  of  a  sample  of  sulphuric  add,  for  example, 
have  required  61  divisions  (610  water-grains'  measure)  of  tiie  addimeter  for  their 
complete  neutralisation,  since  100  divisions  (that  is  to  say,  a  whole  addimeter  f^)  of 
the  test-liquor  of  ammonia  is  capable  of  neutralising  exactly  49  grains — one  equiva* 
]ent_of  oil  of  vitriol,  of  spedfic  gravity  1*8486,  it  is  dear  that  the  61  divisions 
employed  will  haye  neutralised  29*89  of  that  add,  and,  consequently,  the  sample  of 
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solplrazie  add  examined  contained  that  quantity  x^  eent.  of  pnzo  oil  of  vitriol, 
zepxesenting  24*4  per  cent  of  pnze  anhjdzons  sulphuric  add :  thus — 

DividonB.      Oil  of  Vitriol 

100      :     49     ::     61      :      «    »   29*89. 

Anhxdrons  Acid.  , 

100      :     40     ::     61      :     #    ■   24*4. 

The  Bpedfie  grayity  of  an  add  of  that  strength  is  1'2178. 

In  the  same  manner,  suppose  that  100  grains  in  wei^t  of  hydrodiloric  add  have 
required  90  diridons  (900  grains'  measure)  of  the  addmieter  for  their  complete  neu- 
tr^ation,  the  equiyalent  of  dry  hydrochlorio  add  gas  being  86*6,  it  is  dear  that 
since  90  dividons  only  of  the  ammonia  test-liquor  hare  been  employed,  the  sample 
operated  upon  must  have  contained  per  cent  a  quantity  of  add  equal  to  88*80  of  oiy 
hydrochlonc  add  gas,  in  solution,  as  shown  by  the  proportion :— * 

Biris.      Hydrodiloric  add. 

100    :         86*6      ::      90    :    «   ■   82*86. 

tThe  spedfic  gravity  of  sudi  a  sample  would  be  1*1646. 

Instead  of  the  fttnmnnia.  test-liquor  just  alluded  to,  it  is  dear  that  a  solution  contain- 
ing one  equivalent  of  any  other  base — such  as,  for  example,  carbonate  of  soda,  or 
carbonate  of  potash,  caustic  lime,  &c. — ^may  be  used  for  the  purpose  of  neutralidng 
the  add  under  examination.  The  quantity  of  these  salts  required  for  saturation  will 
of  course  indicate  the  quantity  ci  real  add,  and,  by  calculation,  the  per-centage  thereof 
in  the  sample,  thus : — ^The  equivalent  of  pure  carbonate  of  soda  being  68,  and  that 
of  carbonate  of  potash  69,  dtoer  of  these  weights  will  represent  one  equivalent,  and 
consequently  49  grains  df  pure  oil  of  vitriol,  86*6  of  dry  hydrodiloric  add,  60  of 
ciystiQlised,  or  61  of  anhydrous  acetic  add,  and  so  on.  The  addimetrical  assay  is 
p^ormed  as  follows : — 

If  with  earhonaU  qf  toda^  take  680  grains  of  pore  and  dry  carbonate  of  soda, 
obtained  by  ignitii^  the  bicarbonate  of  that  base  (see  AucAiocBCBr),  and  disMlve 
them  in  10,000  water-grains'  measure  (1,000  addimeracal  dividons)  of  distilled  water. 
It  is  evident  that  eadi  addimeter  foil  ^100  dividons)  of  such  a  solution  will  then 
correspond  to  one  equivalent  of  any  aeid,  and  accordingly  if  the  test-liquor  of  car- 
bonate of  soda  be  poured  from  the  addimeter  into  a  weighed  quantity  of  any  add, 
with  the  same  preoaations  as  before,  until  the  neutralisation  is  complete,  the  number 
of  dividons  employed  in  the  oneration  will,  by  a  simple  rule  of  proportion,  indicate 
the  ^[uantity  of  add  present  in  tine  sample  as  befbre.  JPure  carbonate  of  soda  is  easily 
obtained  by  recrystaUising  once  or  twice  the  crystals  of  carbonate  of  soda  of  com- 
merce, and  careAilly  waslung  them.  By  heating  them  gradually  they  mdt,  and  at  a 
very  low  red  heat  entirely  lose  their  water  of  crystallisation  and  become  converted 
into  pulverulent  anhydrous  neutral  carbonate  of  soda,  which  should  be  kept  in  well- 
closed  bottles. 

When  carbonate  of  potash  is  used,  then,  since  the  equivalent  of  carbonate  of  potash 
is  69,  the  operator  should  dissolve  690  grains  of  it  in  the  10,000  grains  of  pure  dis- 
tilled water,  and  the  addimeter  being  now  filled  with  this  test-hquor,  the  assay  is 
carried  on  again  predsdy  in  the  same  manner  as  before.  Neutral  carbonate  of  potash 
for  addimetrical  use  is  prepared  by  heating  the  bicarbonate  of  that  base  to  redneBS, 
in  order  to  expel  one  equivalent  of  its  carbonic  add ;  the  reddue  left  is  pure  neutral 
carbonate  of  potash ;  and  in  order  to  prevent  its  absorbing  mdstare,  it  should  be  put, 
whilst  still  hot,  on  a  slab  placed  over  concentrated  sulphuric  add,  or  chlcnide  of  cal- 
cium, under  a  glass  bell,  and,  when  suffidently  cool  to  be  handled,  transferred  to  bottles 
oareftilly  dosed. 

To  adapt  the  above  methods  to  the  !French  weights  and  measures,  now  used  also 
generally  by  the  German  chemist,  we  need  only  substitute  100  decigrammes  for  100 
grains,  and  proceed  with  the  graduations  as  already  described. 

A  solution  of  caustic  Ume  in  cane  sugar  has  likewise  been  proposed  by  M.  Pebgot 
for  addimetrical  purposes.  To  prepare  such  a  solution,  take  pure  caustic  lime,  ob- 
tdned  by  heating  Cfarrara  marble  with  charcoal  in  a  ftimace;  when  suffidently 
roasted  to  convert  it  into  quicklime,  slake  it  with  water,  and  pour  upon  the  slaked 
lime  as  much  water  as  is  necessary  to  produce  a  vnliky  liquor ;  put  this  milky  liquor 
in  a  bottle,  and  add  thereto,  in  the  cola,  a  certain  quantity  of  pulverised  sugar-candy ; 
close  the  bottle  with  a  good  cork,  and  shake  the  whole  mass  welL  After  a  certain 
time  it  will  be  observed  that  the  milky  liquid  has  become  very  mudi  dearer,  and 
perhaps  quite  limpid ;  filter  it,  and  the  filtrate  will  be  found  to  contain  about  60  parts 
of  lime  for  every  100  of  sugar  employed.  Tho  liquor  should  not  be  heated,  because 
saocharate  of  lime  is  much  mora  soluble  in  cold  than  in  hot  water,  and  if  heat  were 
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applied  it  would  booome  tobid  of  tbick,  thoogb  on  ooolisg  it  would  become  olecur 


A  eonoentiated  solntioii  of  lime  in  sugar  being  tbns  obtained,  it  ebonld  now  be 
diluted  to  snch  a  degree  that  1,000  water-grains'  measnre  of  it  may  be  capable  of  satu- 
ntlng  exactly  one  eqniTalent  of  any  add,  which  is  done  as  follows: — ^Take  100 
grains  of  bydioohlotio  add  of  spedfic  gravity  1'1812,  that  weight  of  add  contains 
exactly  one  eqniTalent  -^86*5  of  pnre  hydrochloric  add  gas ;  on  the  other  hand,  fill 
the  aodimeter  up  to  0  (zero}  with  the  solution  of  caustic  lime  in  su^  prepared  as 
abo?esaid,  and  pour  the  contents  into  tbe  add  until  exact  neutralisataon  is  obtained, 
which  is  known  by  testing  with  litmus-paper  in  the  usual  manner  alrea^  described. 
If  the  ^ole  of  the  100  dirisionB  of  the  addimeter  bad  been  required  exactly  to 
neutnlise  the  100  grains'  weight  of  hydrodilorio  add  of  the  speciflo  gravity  mentioned^ 
it  would  haye  been  a  proof  that  it  was  of  the  right  strength ;  but  suppose,  on  the 
eontrazy,  that  only  60  divisions  of  the  lime  solution  in  the  addimeter  haye  been  suffi- 
dent  for  the  purpose,  it  is  evident  that  it  is  half  too  strong,  or,  in  other  words,  one 
equiyslent  of  lime  (  a  28)  is  contained  in  those  60  dividons  instead  of  in  100.  Pour, 
therefore,  at  once,  60  divisions  or  measures  of  that  lime-liquor  into  a  glass  cylinder 
accurately  diyided  into  100  dividons,  and  fill  up  the  remaining  60  dividons  with  water ; 
stir  the  whole  well,  and  100  dividons  of  the  Hme-li^or  wiU,  of  course,  now  contain 
as  much  lime  as  was  contained  before  in  the  60 ;  or,  in  other  virords,  100  addimetrical 
divisions  will  now  contain  1  equiyalent  of  lime,  and  therefore  will  be  capable  of 
exactly  neutralising  1  equivalent  of  any  add. 

When,  however,  saccharate  of  lime  is  used  for  the  determination  of  sulphurio  add, 
it  is  neeessaiy  to  dilute  it  oondderably,  for  otherwise  a  predpitate  of  sulphate  of  limo 
would  be  produced.  This  reagent,  moreoyer,  is  evidently  applicable  only  to  the  deter- 
mination of  such  adds  the  lime  salts  of  whidi  are  soluble  in  water. 

Instead  of  a  s<dution  of  caustic  lime  in  sugar,  a  dean  dry  piece  of  white  Carrara 
marble  may  be  used.  Suppose,  for  example,  that  the  add  to  be  assayed  is  acetic  add, 
the  instructions  giyen  by  Brande  are  as  follows : — ^A  dean  dry  piece  of  marble  is 
sdected  and  accurately  weighed ;  it  is  then  suspended  by  a  silk  thread  in  a  ]mown 
quantity  of  the  vinegar  or  acetic  add  to  be  examined,  and  which  is  cautiously  stirred 
with  a  glass  rod,  so  as  to  mix  its  parts,  but  without  detaching  any  splinters  irom  the 
wdg^ed  marble,  till  the  whole  of  the  add  is  saturated,  and  no  further  action  on  the 
marble  is  observed.  The  marble  is  then  taken  out,  washed  with  distilled  water,  and 
weighed ;  the  loss  in  wdght  which  it  has  sustained  may  be  considered  as  equal  to 
the  quantity  of  acetic  add  present,  dnce  the  atomic  weight  of  carbonate  of  lime  (  =>  60) 
is  yeiy  nearfy  the  same  as  that  of  acetic  add  ( ••61).  Such  a  process,  howeyer,  is 
obviously  less  exact  than  those  already  described. 

But,  whichever  base  is  employed  to  prepare  the  test-liquor,  it  is  dear  that  the 
add  tested  with  it  must  be  so  feur  pure  as  not  to  contain  any  other  free  acid  than  that 
for  which  it  is  tested,  for  in  that  case  the  results  arriyed  at  would  be  perfectly  falla- 
dons.  Unless,  therefore,  the  operator  has  reason  to  know  that  the  ado,  the  strength 
of  which  has  to  be  examined  by  that  process,  is  genuine  of  its  kind,  he  must  make  a 
qualitative  smalysis  to  satisfy  himself  that  it  is  so ;  for  in  the  contrary  case  the  add 
would  not  be  in  a  fit  state  to  be  submitted  to  an  addimetrical  assay. 

The  strength  of  adds  may  also  be  ascertained  by  determining  dther  the  volumes  or 
the  ibei^kt  of  earbonic  add  gas  disengaged  from  pure  bicarbonate  of  soda  by  a  giyen 
weight  of  any  add. 

Eor  fiuasuriMg  exactly  the  yolumes  of  carbonic  add  thus  expelled,  Dr.  Ure's  appa- 
ratus, represented  in  fig,  7t  may  be  used.  As  it  is  absolutely  requisite,  for  the 
success  OS  the  experiment,  that  the  whole  of  the  add  taken  for  examination  should  be 
completely  saturated,  the  operator  must  accordingly  take  care  to  use  a  little  more 
bicarbonate  than  is  necessary  for  the  purpose. 

How  the  equivalent  number  of  bicarbonate  of  soda  is  76,  and  the  carbonic  add 
contained  therein » 44 ;  that  of  oil  of  yitnol  is  49 ;  wherefore  by  mixing  togetiier  76 
grains  of  pure  bicarbonate  of  soda  with  49  grains  of  pure  oil  of  vitriol,  44  grains  of 
carbonic  add  gas  will  be  expelled,  equal  in  bulk  or  ydume  to  2,381  adcdmetrical 
dividons  (28,810  water-grains'  measure).  These  proportions,  howeyer,  would  be 
inconvenient,  the  more  especially  as  the  addimeter  in  question  should  contain  exactly 
10,000  water-grains'  measure,  marked  in  series  of  10  dividons  from  0  rzero)atthe  top 
down  to  100,  such  an  arrangement  at  once  enabling  the  operator  to  reaa  off  uie  amount 
of  real  add  per  eent, ;  and  accordinjgly  a  weight,  or  proportion  of  add  capable  of  dis- 
engsging  e:uctly  10,000  water-grains'  measure  of  carbonic  aad  from  a  quantity  of 

»  TtedfaeotioiMgfTent^lCYlolettsforthepreparattioinol  Saoohtiate  of  lime  aie  as  follow}— 
Mgwt  In  tlie  cold  50  gmsmies  of  tiaked  omstdo  Ume  In  1  litre  of  water  oontahi^ 
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bicarbonate  indM  than  snffldenttogaponatiuato  it  is  VMd  Hiat  w^g^  or  poctioa 
Tarie0,  of  oouzse,  wiUi  each  kind  of  acid,  thus : — 


For  anhydionfl  stdphuric  acid  it  is 

16-80  grains. 

H    Oil  of  vitriol 

20-68     „ 

„    Anbjdroas  nitric  add    . 

22-67     ., 

,t           „         hydrochloric  acid. 

15-33      ., 

„            M          acetic  acid    . 

21-42      ., 

M    Oiystallised  citric  add   . 

80-64      » 

M           „         tartaric  add. 

68-00      „ 

Therefoie  hj  taking,  of  any  sample  of  add  to  be  examined,  the  exact  number  of  grains 
correeponding  to  each  of  the  above-mentioned  adds,  we  shall  obtain  a  volume  of  car- 
bonic add  gas  proportioned  to  the  strength  and  purity  of  the 
7  sample  of  each  of  them  respectively,    d^ie  fnodus  operandi  is 

1^  as  fdlows : — (^lazge  the  glass  cylinder  ▲  with  water,  and  ponr 

jgl  upon  the  surface  of  the  latter  a  layer  of  olive  oil,  about  1  inch 

THt  in  thidmess,  so  that  the  level  oonesponds  exactly  to  the  0  (aero) 

tjlll  of  the  graduated  scale  etched  on  the  g^ass  cylinder.    Through 

the  cork  in  the  mouth  of  the  cylinder,  push  the  taper  tail  of  the 
flask  c,  air-tight;  introduce  into  this  flask  o  about  60  grains  of 
bicarbonate  of  soda,  in  powder,  and  poor  upon  them  a  little  more 
water  than  is  suffident  to  cover  the  powdc^ ;  and  if,  for  example, 
the  object  is  to  determine  the  amount  of  pore  oil  c^  vitriol  con- 
tained in  a  given  sample  of  that  add,  weigh  now  accurately 
20-68  grains  of  that  sample,  dilute  it  with  water,  and  sudc 
it  up  into  the  taper  droppng  glass  tube,  n ;  shut  the  stopcock,  in- 
tromice  the  dropping-tube,  pushing  it  air-tight  through  the 
perforated  cork  until  its  extremity  plunges  into  the  mixture 
of  bicarbonate  of  soda  and  water  in  the  flask,  a  On  opening 
now  slightly  the  stopcock  of  the  dropping-tube,  the  add  con- 
tained therein  coming  in  contact  with  the  bicarbonate  will  cause 
the  evolution  of  a  volume  of  carbonic  add  proportioned  to  its 
strength.  Supposing  the  same  sample  of  sulphuric  add  which 
was  found  by  the  addimetrical  process  first  described  to  contain 
29-89  of  oil  of  vitriol,  or  24-4  of  anhydrous  sulphuric  add,  per 
cent,  to  be  now  examined  by  the  present  method,  it  will  be 
found  that  the  20-68  grains  of  that  add  taken  for  the  experi- 
ment have  disengaffed  a  volume  of  carbonic  add  gas  corre- 
sponding nearly  to  uie  number  30  of  the  graduated  s^e  of  the 
glass  cr^linder,  thereby  indicating  nearly  80  per  cent,  of  pure 
oil  of  vitriol  in  the  sample  under  consideration. 

In  the  same  manner  the  sample  of  hydrochloric  add,  which 
by  the  former  process  was  found  to  contain  32*86  per  cent  of 
pure  hydrochloric  add,  would  now  disengage  a  volume  of  car- 
bonic add  gas  which  would  depress  the  level  of  the  water  in  the 
glass  i^linder  nearlv  to  the  point  marked  38,  and  therefore 
the  operator  would  at  once  know  that  the  quantity  of  pure  hydroehlcffic  add  gas 
contained  in  the  sample  was  a  little  less  than  33  per  cent,  a  degree  of  aoonracy  quite 
suffident  fior  all  commercial  purposes,  and  whidi  might  besides  be  rendered  still 
more  accurate  by  lengthening  the  glass  cylinder  and  mminishing  its  bore,  so  that 
the  divisions  may  be  suffidently  distant  as  to  admit  of  bdng  subdivided  into  frac* 
tions. 

The  prindpal  objection  to  this  form  of  addimeter,  however,  is  its  expense,  and 
also  the  difficulty  or  trouble  of  introdudng  into  it  tJke  whoU  of  this  accurately  wdghed 
quantity  of  add,  a  circumstance  which  renders  it  less  applicable  to  addimetrv  than  to 
alkalimetnr.  IB^  suppressing,  however,  the  top  flask,  c,  and  using  instead  of  it  a 
common  ilorence  flask*  connected  with  the  cylinder,  the  cost  is  oondderably  reduced, 
and  the  operator  is  at  once  enabled  to  secure  the  complete  reaction  of  the  whole 
of  the  accurately  weighed  add  upon  the  bicarbonate  of  soda.  The  arrangement 
has,  besides,  several  other  advantages,  which  the  simple  inspection  of  fig,  8 
renders  ap|iarent  It  consists  of  a  10,000  water-grains'-measure  glass  cylinder,  a, 
cradnated  m  the  same  manner,  and  provided  with  a  discharge-tube,  b,  as  before; 
but  the  mouth  of  the  i^linder  need  not  be  laiser  than  that  of  an  ordinary  wine- 
bottle,  which  allows  of  its  being  corked  air-tight  with  greater  ease  and  certainty. 
This  cork  is  perforated,  and  provided  with  a  tube  passing  air-tight  through  it  and 
connected — ^by  a  length  of  vulcanised  india-rubber,  c — ^with  the  disengagement  tube  of 
an  ordinary  Aoxenoe  flask,  into  which  the  biearbonate  of  soda  and  a  certain  quantity 
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of  wAter  has  been  pravkmBly  intiodiioed,  and  likewise  a  small  test-tnbei  t,  con- 
taining the  exactly  weighed  qnantity  of  acid  to  be  examined.  All  the  joints  being 
pcTfed^ 7  air-tight,  if  the  Florence  flask  be  now  careMlj  tilted  on  one  side,  a  portion 
of  the  acid  in  the  test-tube  will,  of  course,  flow  down  upon  the  bicarbonate  of  soda,  and 
a  corresponding  quantitjr  of  carbonic  acid  gas  being  eyolved  will  depress  the  water  in 
the  glass  cylinder,  causing  an  overflow  from  the  tube  b,  which  should  be  held  over  a 
basin,  and  progressively  loweVed  s6  as  tb  keep  the  discharging  aperture  on  a  level  with 
the  descending  water  in'the  cylinder.  The  operation  is  terminated  when,  all  the  acid 
in  the  test-tube  having  been  Completely  upset  and  all  efiervescence  being  entirely  at 
an  end,  the  level  of  the'wate^  in  the  cvlinder  a  remains  stationary;  the  number  of 
divisions  of  the  scale  corresponding  to  that  level  are  then  read  ofiT;  they  indicate  the 
per-centage  strength  of  the  sample. 

The  bicarbonate  of  soda  of  commerce  frequently  contains  some  neutral  carbonate  of 
soda,  which  should  be  removed  before  using  it  for  that  and  for  the  following  process ; 
this  is  easily  done  by  washing  it  with  a  moderate  quantity  of  cold  water,  which 
dissolrea  the  neutaral  carbonate,  but  leaves  the  greater  portion  of  the  bicarbonate  in  an 
undissolved  state ;  it  should  then  be  dried  spontaneously  by  spreading  it  in  the  air, 
and  then  kept  in  stoppered  bottles ;  for  though  bicarbonate  of  soda  does  not  undergo 
deoompontion  by  exposure  to  dry  air,  a  moist  atmosphere  converts  a  portion  of  it  into 
a  nentntl  carbonate,  with  6  equivalents  of  water  (NaO,  G0*.5H0). 


Acidimetrical  operations  may  likewise  be  performed  b^  determining  the  weiffhi 
instead  of  the  volumes  of  the  carbonic  add  expelled  fronr  bicarbonate  of  potash,  or  of 
soda,  by  a  given  quantity  of  add.  For  this  purpose  either  of  the  appuatus  contrived 
by  Dr.  Ure,  and  represented  above,  may  be  used.  The  details  of  their  construction 
are  given  in  Aulaijmstbt,  to  which  the  reader  is  referred. 

Since  1  equivalent  of  any  add  will  disengage  2  equivalents  (">44)  of  carbonic  add 
firom  1  equivalent  (  ■-  76)  a(  bicarbonate  of  soda,  it  is  evident  that  by  determining  what 
quantity  of  any  pure  add  is  capable  of  disengaging  or  expelling  10  grains  of  carbonic 
add  gas,  then  taking  that  quantity  of  the  add  to  be  examined,  and  causing  it  to  react 
upon  a  mass  of  bicarbonate  of  soda  more  than  suffident  to  saturate  or  neutralise  it  (in 
order  to  make  sure  that  the  add  has  produced  all  its  e£Ebct),  the  loss  sustained  after 
the  operation  from  the  carbonic  gas  expelled,  multiplied  by  ten,  will  at  once  indicate 
the  exact  per-centage  of  real  add  contained  in  the  sample  examined.  Of  course  the 
weight  of  add  capable  of  disengaging  exactly  10  grains  of  carbonic  add  gas  varies 
with  each  kind  of  add ;  and  that  weight  is  found  b^  dividing  10  times  the  atomic 
wdght  of  the  add,  whatever  it  may  be,  by  44 ;  that  is  to  sa^r,  by  the  atomic  weight 
gi  ue  two  eqaiyalentB  of  carbonio  add  gas  oontainod  in  the  bioaroonate  of  soda. 
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Vof  BnlpliTirio  aoid,  for  example,  the  proportion  would  be  ab  follows :— ^  ' 

2  00«  SO* 

44       :       40       ::       10       :       « 
4?  a  9*09  (or  more  correctly,  9*1). 
Applying  Uiis  role,  the  weights  to  be  taken  are  as  follows,  in  reference  to^ 
Dry  sulphnric  add       «       •       •       •       •      9*1 
„    nitric  add     ...•«•    12*27 

„    hydrodiloric  add 8*29 

„    acetic  (dry)  ..•«••    11*59 

CzyBtaUised  tartaric  add      ....    84*09 

„  dtrio  add 43*64 

Eadi  of  these  quantities  of  real  add,  with  26  or  26  grains  of  bicarbonate  of  soda, 
will  ^ye  off  10  grains  of  carbonic  add  gas ;  and  hence,  by  adding  a  <^her,  that  is, 
multiplying  by  ten,  whatever  wdght  the  appaiatas  loses  denotes  the  per-centage  of 
add  in  the  sample  under  trial,  without  the  necessity  of  any  arithmetical  redaction. 
Let  us  suppose,  for  example,  that  the  apparatus,  being  charged  with  9*1  grains  of  a 
sample  of  sulphuric  add,  is  foimd,  after  the  experiment,  to  have  lost  7*6  grains ;  this 
multiplied  by  10  » 76*0 ;  therefore  the  sample  contained  76  per  cent  of  di^  sulphuric 
add.  If  the  apparatus  had  lost  2*44  grains  thus,  it  would  haye  indicated  24*4  per  cent 
of  dry  or  anhycuous  add.  Persons  accustomed  to  the  Frendi  metrical  system  may  use 
decigrammes  instead  of  grains,  and  they  will  arrive  at  the  same 
per-centage  results. 

Another  apparatus  for  ascertaining  the  weight  of  carbonic 
expelled  for  the  purposes  of  either  addimetry  or  alkalimetry, 
and  which  the  operator  himself  may  readily  construct,  is  repre- 
sented in  >E^.  11. 

A  is  a  small  matrass,  with  a  somewhat  wide  mou^h,  capable, 
however,  of  being  hermetically  closed  by  a  cork  perforated  with 
two  holes,  through  one  of  which  a  bulbed  tube,  b,  passes  filled 
with  fragments  of  chloride  of  caldum ;  through  the  other  hole  a 
tube,  e,  is  introduced,  suffidently  long  to  reach  the  bottom  of  the 
matrass  A. 

A  certain  quantity  (say  26  grains)  of  bicarbonate  of  soda, 
greater  than  is  requurea  for  saturation,  is  then  introduced  into 
the  matrass  a,  and  likewise  enough  water  to  cover  it  A  small 
glass  test-tube  is  next  charged  with  the  proper  quantity  of  the 
add  to  be  examined,  namely,  9*1  if  for  sulphuric  acid,  12*27  if 
for  nitric  add,  &c  &c,  as  before  mentioned,  and  it  is  carefiiUy 
introduced  into  the  matrass  a,  taking  care  that  the  add  does 
not  come  in  contact  with  the  bicarbonate  of  soda,  which  is 
easily  avdded  by  lowering  the  tube  containing  the  acid  into  the 
matnss  with  a  thread,  or  by  carefully  sliding  it  down,  and 
keeping  it  nearly  in  an  upright  position,  leaning  against  the 
sides  of  the  matrass,  as  shown  by  the  letter  b.    The  matrass 
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vied  fat  vaidimMetLk  pnzpoBes,  proceed  as  follows :— Sill  botde  x  with  oNlinazy  oil 
cf  Titriol  to  ftbont  oHe-haff  of  its  capadfy,  and  pour  into  bottle  b  the  aocniately 
weighted  quantity  of  acid  to  be  examined,  namely, 
9*1  grains  for  solpthiirie  add,  12*27  for  nitric  add, 
&&  &c,  aooording  to  the  role  and  table  giren 
(page  24),  and  dilate  it  with  water,  so  that  bottle 
B  may  be  one-thiid  folL  Pat  now  into  a  test- 
tabe  a  qnantity  of  bicarbonate  of  soda  snffident 
to  satoiate  the  weight  of  add  contained  in  bottle 
B,  and  sospend  it  into  that  bottle  by  means  of 
a  thread,  "kept  tight  by  the  pressure  of  the  cork. 
Weigh  now  Uie  whole  appazatas  aocoiately ;  this 
done,  oareAilly  loosen  the  thread,  so  that  the  teet- 
tabe  charged  with  bicarbonate  of  soda  may  fiall 
into  the  acid,  and  the  cork  being  instantly  ad- 
justed air-tight,  the  whole  of  the  carbonic  add 
gas  disengaged  is  led  by  tabe  o  into  the  ooncen- 
ttBtJodi  solphorio  add  of  bottle  a,  which  absorbs 
all  its  moistare  before  it  finally  escapee  through 
the  tube  a.  When  all  eSerrescence  has  ceased, 
the  operator,  by  applying  his  lips  to  that  tube  a, 
Bucks  out  flJl  the  redduazy  carbonic  add  gas  con- 
tained in  the  amnratas,  and  replaces  it  by  at- 
mospheric air,  which  enters  at  d.  The  apparatus, 
if  it  have  become  warm,  should  be  allowed  to  cool  completely,  and  on  weighing  it 
again  the  loss  indicates  the  per-centage  of  real  add  present  in  the  sample. 

The  balance  used  in  these  methods  should,  of  course,  be  suffidenUy  delicate  to 
indicate  small  wdg^ts  when  heayily  laden. 

We  shall  terminate  this  article  by  a  description  of  liebig's  addimetrical  method  of 
determining  the  amount  of  prusdo  add  contained  in  solutions ;  for  example,  in  medi- 
cinal prusde  add,  in  laurel  and  bitter-almond  water,  essence  of  bitter  almonds,  and 
cyanide  of  potassium.  The  process  is  based  upon  the  following  reaction : — ^When  an 
excess  of  caustio  potash  is  poured  into  a  solution  which  contains  pmssic  add,  cyanide 
of  potassium  is,  of  course,  formed ;  and  if  nitrate  of  silver  be  then  poured  into  such  a 
liquor,  a  predpitate  of  cyanide  of  dlyer  is  produced,  but  it  is  immediately  redis- 
solyed  by  shaking,  because  a  double  cyanide  of  silver  and  of  potasdum  (Ag  Cy + 
E  Cy^  is  formed,  which  dissolves,  without  alteration,  in  the  excess  of  potash  em- 
ployea.  The  addition  of  a  fresh  quantity  g£  nitrate  of  silver  produces  again  a 
predpitate  which  agitation  causes  to  disappear  as  before ;  and  this  reaction  goes  on 
until  Aa(^  the  amount  of  prusde  add  present  in  the  liquor  has  been  taken  up  to 
produce  cyanide  of  silver,  the  other  haff  heing  engaged  with  the  potassium  in  the 
formatdon  of  a  doable  cyanide  of  diver  and  of  potassium,  as  just  said.  As  soon, 
however,  as  this  point  is  reached,  any  new  quantity  of  nitrate  of  diver  poured  in  the 

e  nitrate,  to  pro- 
lat  the  reaction  is 
es,  fiufrominter- 
lingly  added,  the 
nt  the  same  metal, 
prooess,  a  test  or 

we  have  seen,  2 
pure  fused  nitrate 
)r-grains'  measure 
dns  of  nitrate  of 
oonsequently  eadi 

lich  the  Sturgeon 
)  sturgeon  yields 
rield  the  Idnglass 
The  Osseter,  A, 
BteUatw,  These 
into  them.     See 

aloid  constituting 
spedes  of  Aconite, 

SeeOoNiUH.. 
the  Banuncukeea, 


Digitized  by  VjOOQIC 


24 


ACIDIMETBT 


VcK  Bnlphudo  aoid,  for  example,  the  proportion  would  be  as  follows :— ^ 
2C0«  SO* 

44       :       40       ::       10       :       * 
4?  a  9*09  (or  more  correctly,  9*1). 
Applying  this  role,  the  weights  to  be  taken  are  as  follows,  in  reference  to — 
Dry  sulphuric  add       •       •       •       •       •      9*1 

„    nitric  add 12*27 

„    hydrodiloric  add 8*29 

acetic  (dry) 11*59 

I  tartaric  add      •        .        .        .    84*09 

dtric  add 43*64 

Eadi  of  these  qoantities  of  zeal  add,  with  25  or  26  grains  of  bicarbonate  of  soda, 
will  ^TO  off  10  grains  of  carbonic  add  gas ;  and  hence,  by  adding  a  <^her,  that  is, 
multiplying  by  ten,  whatever  weight  the  auparatos  loses  denotes  the  per-centage  of 
add  in  the  sample  nnd^  trial,  without  the  necessity  of  any  arithmetical  reduction. 
Let  us  suppose,  for  example,  that  the  apparatus,  bdng  diai^ged  with  9*1  gr^ns  of  a 
sample  of  sulphuric  add,  is  foimd,  after  tne  experiment,  to  haye  lost  7*5  grains ;  this 
multiplied  by  10  »  75*0 ;  therefore  the  sample  contained  75  per  cent  of  dry  sulphuric 
add.  If  the  apparatus  had  lost  2*44  grains  thus,  it  would  have  indicated  24*4  per  cent., 
of  dry  or  anhyorous  add.  Persons  accustomed  to  the  French  metrical  system  may  use 
decigrammes  instead  of  grains,  and  they  will  arrive  at  the  same 
per-centage  results. 

Another  apparatus  for  ascertaining  the  weight  of  carbonic 
expelled  for  tae  purposes  of  either  addimetry  or  alkalimetry, 
and  which  tiie  operator  himself  may  readily  construct^  is  repre- 
sented in  ^.  11. 

A  is  a  small  matrass,  with  a  somewhat  wide  mou^h,  capable, 
however,  of  being  hermetically  dosed  by  a  cork  perforated  with 
two  holes,  through  one  of  wmoh  a  bulbed  tube,  b,  passes  filled 
with  fragments  of  diloride  of  caldum ;  through  the  other  hole  a 
tube,  e,  is  introduced,  suffldently  long  to  reach  the  bottom  of  the 
matrass  A. 

A  certain  quantity  (say  25  grains)  of  bicarbonate  of  soda, 
greater  than  is  reqmrea  for  saturation,  is  then  introduced  into 
tiie  matrass  a,  and  likewise  enough  water  to  cover  it  A  small 
glass  test-tube  is  next  charged  with  the  proper  quantity  of  the 
add  to  be  examined,  namely,  9*1  if  for  sulphuric  add,  12*27  if 
for  nitric  add,  &c  &c,  as  before  mentioned,  and  it  is  carefully 
introduced  into  the  matrass  a,  taking  care  that  the  add  does 
not  come  in  contact  with  the  bicarbonate  of  soda,  which  is 
easily  avdded  by  lowering  the  tube  containing  the  add  into  the 
matrass  with  a  thread,  or  by  carefully  sliding  it  down,  and 
keeping  it  nearly  in  an  upright  position,  leamng  against  the 
sides  0^  the  matrass,  as  shown  by  the  letter  b.  The  matxass 
is  then  to  be  dosed  with  the  cork  provided  with  its  tubes,  as 
above  directed,  and  the  whole  is  accurately  weighed.  This 
done,  the  apparatus  is  gently  lerked,  or  tilted,  on  one  side,  so 
as  to  cause  a  portion  of  8ie  add  in  the  tube  b  to  flow  among  the 
bicarbonate  of  soda  on  which  it  is  resting.  A  disengagement  of 
carbonic  add  gas  immediately  takes  place  finnn  the  decomposition  of  the  carbonate 
of  sods  by  the  acid.  When  the  violent  e£fervescence  has  subsided,  a  fresh  quantity 
of  add  is  again  jerked,  or  spilled,  out  of  the  tube,  until  the  whole  of  the  add  is 
emptied,  the  tube  occupying  now  a  horizontal  pontion,  as  represented  by  letter  a. 
The  water,  which  is  mechanicaJly  carried  off  by  the  carbonic  add,  is  arrested  by  the 
chloride  of  caldum  of  the  bulbed  tube  b.  When  all  disengagement  of  carbonic  add 
gas  has  ceased,  even  after  shaking  the  apparatus,  the  residuary  gas  is  sucked  up 
through  the  bulbed  tube  b,  while  the  atmospheric  air  enters  at  the  orifice,  d,  of  the 
bent  tube,  c,  to  replace  it  If  the  apparatus  has  become  warm  during  the  reaction, 
it  should  be  allowed  to  cool  completely,  and  it  is  then  weighed  again  accurately. 
The  di£^noe  between  the  first  and  second  weighing,  the  loss,  represents,  of  course, 
the  weight  of  the  carbonic  add  gas  expelled,  and  consequently  the  per-centage  of 
real  add  contained  in  the  sample. 

Instead  of  the  preceding  arrangement  the  apparatus  contrived  by  Drs.  Fresenius 
and  Will  may  be  used.  The  annexed  figure  at  once  renders  the  construction  of 
that  apparatus  intellinble,  and  as  a  fbll  description  of  it  is  giyen  in  the  artide  on 
Alxaijiciibt,  the  zeader  is  accordingly  zefiorred  taereto.    When  that  contrivance  ia 
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Qted  fioir  BcidinwtriflU  pnzpoBes,  proceed  as  followB :— Sill  bottle  x  with  ordinaiy  oil 
of  Titriol  to  aboat  obe-half  of  its  capadfy,  and  pour  into  bottle  b  the  aocniatelj 
wei^^ied  quantity  of  acid  to  be  examined,  namely, 
9*1  grains  for  soli^nzie  add,  12*27  for  nitric  add, 
&C.  &0.,  aoooiding  to  the  rale  and  table  given 
(page  24),  and  dilate  it  with  water,  so  that  bottle 
B  may  be  ono-thiid  ftilL  Pat  now  into  a  test- 
tobe  a  qoantity  of  bicarbonate  of  soda  sufficient 
to  satorate  the  weight  of  add  contained  in  bottle 
B,  and  sospoid  it  into  that  bottle  by  means  of 
a  thread,  l^ot  ti^t  by  the  pressure  of  the  cork. 
Weigh  now  tne  w^e  apparatus  accurately;  this 
done,  oaieftilly  loosen  the  thread,  so  that  the  test- 
tube  charged  with  bicarbonate  of  soda  may  fiall 
into  the  aod,  and  the  cork  being  instantly  ad- 
justed air-tight,  the  whole  of  the  carbonic  add 
gas  disengaged  is  led  by  tube  o  into  the  concen- 
trated sulphurio  add  A  bottle  a,  which  absorbs 
all  its  moisture  before  it  finally  escapes  through 
the  tube  a.  When  all  eSbrrescenoe  nas  ceased, 
the  operator,  by  applying  his  lips  to  that  tube  a, 
sucks  out  all  the  redduuy  carbonic  add  gas  con- 
tained in  the  apparatus,  and  replaces  it  by  at- 
mosi^enc  air,  which  enters  at  d.  The  apparatus, 
if  it  have  become  warm,  should  be  allowed  to  cool  completely,  and  on  weighing  it 
again  the  loss  indicates  the  per-centage  of  real  add  present  in  the  sample. 

The  balance  used  in  these  methods  should,  of  course,  be  suffidenUy  delicate  to 
indicate  small  wdghts  when  heayily  laden. 

We  shall  terminate  this  article  by  a  description  of  liebig's  addimetrical  method  of 
determining  the  amount  of  prusdc  add  contained  in  solutions ;  for  example,  in  medi- 
cinal prussie  add,  in  laurel  and  bitter-almond  water,  essence  of  bitter  almonds,  and 
eyamdid  of  potassium.  The  process  is  based  upon  the  following  reaction : — ^When  an 
excess  of  caustic  potash  is  poured  into  a  solution  which  contains  prassic  add,  cyanide 
of  potassium  is,  of  course,  formed ;  and  if  nitrate  of  silyer  be  then  poured  into  such  a 
liquor,  a  predpitate  of  cyanide  of  silyer  is  produced,  but  it  is  immediately  redis- 
solyed  by  shaking,  because  a  double  cyanide  of  silyer  and  of  potasdum  (Ag  Cj  + 
K  Oy^  is  formed,  which  dissolyes,  without  alteration,  in  the  excess  of  potash  em- 
ployeo.  The  addition  of  a  fresh  quantity  df  nitrate  of  silyer  produces  again  a 
predpitate  which  agitation  causes  to  disappear  as  before ;  and  this  reaction  goes  on 
until  ka(f  the  amount  of  prussie  add  present  in  the  liquor  has  been  taken  up  to 
produce  cyanide  of  silyer,  the  other  halflmjig  engaged  with  the  potassium  in  the 
formation  of  a  double  cyanide  of  dlyer  and  of  potassium,  as  just  said.  As  soon, 
howeyer,  as  Uiis  pdnt  is  reached,  any  new  quantity  of  nitrate  of  silyer  poured  in  the 
.liquor  causes  the  ^anide  of  potasdum  to  react  upon  the  silyer  of  the  nitrate,  to  pro- 
duce a  pernumeni  xnredpitate  of  C3ranide  of  silyer,  which  indicates  that  the  reactacm  is 
complete,  and  that  the  assay  is  terminated.  The  presence  of  chlorides,  fax  from  inter- 
fering, is  desirable,  and  a  certain  quantity  of  common  salt  is  accordingly  added,  the 
readaon  of  chloride  of  silyer  being  analogous  to  that  of  the  ^anide  of  the  same  metaL 

To  determine  the  strength  of  prusdc  acid  according  to  the  aboye  process,  a  test  or 
normal  solution  should  be  first  prepared,  which  is  as  follows  :•— 

Since  1  equiyalent  of  nitrate  of  silyer  (»170)  represents,  as  we  haye  seen,  2 
equiyalents  <k  prusdo  add  (  «■  54),  dissolye,  therefore,  170  grains  of  pure  fased  nitrate 
of  sihrer  in  10,000  watergrains'  measure  of  pure  water ;  1,000  water-grains'  measure 
(1  addimeter  full)  of  sudi  solution  will  therefore  contain  17  gndns  of  nitrate  of 
dlyer,  and  will  therefore  represent  5*4  grains  of  prusdc  add ;  ai^  consequently  eadi 
addimetrical  diyidon  0*054  grain  of  pure  prusdc  add. 

AMJlWMMaMRm  A  genus  of  cartilaginous  ffanoid  fishes,  to  which  the  Sturgeon 
belongs,  and  fiM>m  which  isinglass  is  obtained.  The  roe  cf  the  sturgeon  yields 
cayiaire.  There  are  at  least  eight  spedes ;  four,  howeyer,  appear  to  yield  the  Idnglass 
of  commerce.  The  Beluga  or  la^ie  Sturgeon,  Acipenser  Huto.  The  Osseter,  A, 
GuldmttadHi,  The  Sterlet,  A,  Buthenua,  and  the  Sewraga,  A.  BteUatus,  These 
inhabit  the  Black  and  Caspian  Sea,  and  the  great  riyers  flowing  into  them.     See 

OAyiAIBS;  ISIKOIASS. 

ACMIVXmra.    0»  W  NO"  (O^W^lron.    a  pdsonous  alkaldd  constituting 
the  aetiye  principle  of  the  Monkshood  (AconUum  ifapeUua)  and  other  spedes  of  Aconite. 
^ACOHZTUIK.    (hK6inrw,)    The  Greek  name  &r  the  Hemlock.    SeeOoNiov.. 
Aoomrux  is  nov  w  name  of  a  genus  of  plants  belonging  to  the  Sammctikeea, 
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nearly  aU  the  ip^eies  being  retaarkable  for  their  poiionoiiB  projMrlies.  JL  Napdtm 
if  the  Monkshood  or  WoUT B-bane,  commonly  cnltiTated  in  gardens  as  a  showy  nower, 
bat  the  leaves  and  root  are  highly  poisonous,  and  death  has  resulted  from  eating  the 
root  by  mistake  for  horse-radish.  The  Bikh,  Bish,  or  Kabee  poison,  used  by  the  hill- 
tribes  of  Northern  India  for  poisoning  arrows,  is  obtained  from  A,ferox^  which  is  said 
to  be  a  more  powerful  poison  than  either  of  the  other  species ;  the  quantity  of  the 
poisonous  alkaloid  Jooniline  depending  on  the  temperature  in  which  the  plant  has 
grown.  The  root  of  the  Aconite  or  Monkshood  haring  been  Yory  frequently  mistaken 
for  the  horse-radish  root,  and  several  deaths  having  been  produced  by  eating  it,  a  few 
of  the  distinctions  between  them  are  given.  The  aconite  root,  as  shown  in  fy,  18, 
is  conical  and  tapering  rapidly  to  a  point  The  horse-radish  is  slightly  conical  at  the 
crown,  then  of  almost  the  same  thickness  for  several  inches.  Aconite  is  coloured 
more  or  less  brown,  the  horse-radish  is  externally  white.    The  odour  of  the  aconite  is 

18 


merely  earthy,  that  of  horse-radish  pungent  and  iziitating.  Aoonite  voot  is  the  most 
virulent  in  the  winter  months  and  early  spring,  when  the  leaves  are  absent 

JUJOBWS.  The  fruit  of  the  oak  (Qum^M).  These  possess  some  of  the  properties 
of  the  bark,  but  in  a  very  diluted  degree.  Acorns  are  now  rarely  used,  i^  are 
sometimes  fed  upon  them.  The  acorn-cups  of  Quereus  .Xgilopa  me  used  in  tanning 
and  dyeing,  and  are  imported  under  the  name  of  Yalonia.    See  Valoiiia. 

AOO&V8  OA&AJmw.  The  common  sweet  flag.  This  plant  is  a  native  of 
England,  growing  abundantly  in  the  rivers  of  Norfolk,  from  whidi  county  the 
London  market  is  chiefly  supplied.  The  radix  calami  aromatiea  of  the  shops  occurs 
in  flattened  pieces  about  one  inch  wide  and  four  or  flve  inches  long.  It  is  employed 
medicinally  as  an  aromatic,  and  it  is  said  to  be  used  by  some  distillers  to  flavour  gin. 
The  essential  oil  (0^91  acori  ealamt)  of  the  sweet  flag  is  used  by  snuff-makers  for 
scenting  snufi^  and  it  sometimes  enters  as  one  of  the  aromatie  ingredients  of  aromade 
vinegar.    The  Acorus  belongs  to  the  Araeea  or  arum-order.    See  AiufaiW. 

ACmOSPnUk  (Plitmule,  Fr. ;  BlaUkeim,  Ger.).  The  sprout  at  the  end  of  seeds 
when  they  begin  to  germinate.  Maltsters  use  the  name  to  express  the  growing  of  the 
barley.    *  The  flrst  leaves  that  appear  when  com  sprouts.* — lAndUy, 

ACATXOLMnni,  or  AIATX^UttZira.  C«  H'  N  (C  K'  IT).  An  alkaloid 
obtained  by  Holmann  and  Cahours,  by  boiling  cyanate  of  allyle  with  a  strong  solution 
of  potash.    It  boils  at  about  366**.— C.  G.  W. 

ACTXVXSM.  (From  hcriv,  a  ray ;  signifying  merely  the  power  of  a  ray,  without 
defining  what  character  of  ray  is  intended.) 

As  ^riy  as  1812,  M.  Berard  (in  a  communication  to  the  Academy  of  ScSencee,  on 
some  observations  made  by  him  of  the  phenomena  of  0oUuractica)dMirattoBtionto  tho 
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fketi  thaitlureeTSi^dMnet  Mto  of  phyrical  phenomena  were  ihanifeBted :  Lig^t,  Heat, 
and  Cbemiealaction.  Ghaptal,  BeithoUet,  and  Biot  reported  on  this  paper  by  M.  Beraid ; 
and,  ai  showing  the  extent  to  which  this  yery  important  inqniiy  nad  proceeded  in 
the  hands  of  this  philosopher,  the  following  quotation  is  given  from  their  report : 

'  M.  Bezaid  found  that  the  chemical  intensity  wasgreatest  at  the  violet  end  of  the 
spectrum,  and  Uiat  it  extended,  as  Bitter  and  Wollaston  had  observed,  a  little 
beyond  that  extremity.  When  he  left  substances  exposed  for  a  certain  time  to  the 
action  of  each  ray,  he  observed  sensible  efifects,  though  with  an  intensity  continually 
deereaaiiig,  in  thb  indigo  and  bite  rays.  Hence  we  must  consider  it  as  extremely 
probable,  that  if  he  had  been  able  to  employ  reactions  still  more  sensible,  he  would 
have  observed  analogous  eflbcts,  but  still  more  feeble,  even  in  the  other  rays.  To 
show  cleaiiy  the  great  disproportion  which  exists  in  this  respect  between  the  energies 
of  difierent  rays,  H.  Berard  concentrated,  by  means  of  a  lens,  all  that  part  of  the 
specCmm  which  extends  from  the  green  to  tie  extreme  violet,  and  ho  concentrated^  by 
another  lens,  all  that  portion  which  extends  from  the  ^0072  to  the  extremity  of  the  red 
ray.  This  last  pencil  formed  a  white  point,  so  brilliant  that  the  eyes  were  scarcely 
able  to  endure  it,  yet  the  muriate  of  silver  remained  exposed  more  Uian  two  hours  to 
this  brilliant  point  of  light,  without  undergoing  any  sensible  alteration.  On  the  other 
hand,  when  exposed  to  the  other  pencil,  which  was  much  less  bright,  and  less  hot,  it 
was  blackened  in  less  than  six  minutes.  ....  If  we  wish  to  consider  solar  light  as 
composed  of  three  distinct  substances,  one  which  occasions  light,  another  heat,  and  the 
thiia  ekemieal  eombimoHons,  it  will  follow  that  each  of  those  substances 
is  separable  bv  the  prism  into  an  infinity  of  different  modifications,  like  15 

Light  itself;  since  we  find,  by  experiment,  that  each  of  the  three  pro- 
perties, ehemieal,  oaiorifie,  and  coUmrifie,  is  spread,  though  unequally, 
over  a  certain  extent  of  the  spectrum.     Hence  we  must  suppose,  on 
that  hypothesis,  that  there  exists  three  epec- 
1^  trunu,  one  above  another ;  namely,  a  calorific, 

a  coloiyrific,  and  a  chemical  spectrum.' 

This  was  the  earliest  indication  of  the  pro- 
bable existence  of  a  physical  infiuence,  in  the 
solar  rays,  distinct  from  Light  and  Heat^  A 
large  number  of  |)hilosophers  still  hold  to  the 
idea  that  the  chemical  changes  produced  by  the 
sunbeam  are  due  to  light,  and  tnis  idea  is  con- 
firmed in  the  public  mind  by  the  universal 
adoption  of  the  term  photography  (light- 
drawings^  to  indicate  the  production  of 
pictozes  by  the  agency  of  the  sunbeam.    See  \ 

Fhotoobafht. 

The  actual  conditions  of  the  sunbeam  will  be 
understood  by  reference  to  the  annexed  wood- 
cut,^. 14,  and  attention  to  t^e  following  de- 
scription :  a  b  represents  the  prismatic  spectrum 
—as  obtained  by  the  decomposition  o£  white 
light  by  the  pnsm — or  Newtonian  luminous  j 

spectrum,  consisting  of  certain  bands  of  colour. 
Newton  determined  those  rays  to  be  seven  in 
number;  red, orange,  yellow,  green,  blue, indigo, 
and  violet;   recent  researches,  bv  Sir  John 
Herschel  and  others,  have  proved  the  existence 
of  two  other  rays;  one,  the  extreme  red  or 
crimson  ray  c,  found  at  the  least  refrangible  end  of  the  spectrum,  the  other  occurring 
at  the  most  frangible  end,  or  beyond  the  violet  rays,  which  is  a  lavender  or  grey  ray. 
Beyond  this  pdnt  up  to/,  Professor  Stokes  has  discovered  a  new  set  of  rays,  which  are 
ODly  brought  into  view  when  the  light  is  received  upon  the  surfaces  of  bodies  which 
possess  the  property  of  altering  the  re&angibility  of  the  rays.    Those  rays  have  been 
called  the  fluoreaeeiU  rays,  from  the  dicumstance  that  some  of  the  varieties  of  Fluor 
Spar  exhibit  this  phenomenon  in  a  remarkable  manner.    (See  PLUonascaNCB.)    The 
enrved  line  l  from  a  toe  indicates  the  fiill  extent  of  the  luminous  spectrum,  the  point 
marked  l  showing  the  maximum  of  illuminating  power,  which  exists  in  the  yellow  ray. 
Sir  Wmiam  Herschel  and  Sir  Henry  Enflefield  determined,  in  the  first  instance, 
the  maximum  point  for  the  calorific  rays,  andSir  John  Herschel  subsequently  confirmed 
tiieir  results,  proving  that  the  greatest  heat  was  found  below  the  red  ray,  and  that  it 
gradually  diminished  in  power  with  the  increase  of  refrangibility  in  the  rays,  ceasing 
entirely  ia  tha  violet  ray.    Heat  rays  have  been  detected  down  to  the  point  d,  anS 
the  cnmdline  b  indieates  the  extent  of  their  action. 
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(  Now;  if  Any  flubstanca  capable  of  nndergoiiig  ohemioal  chanflo  be  azpoied  to  thii 
speetnim,  the  result  will  he  fonnd  to  be  sach  as  is  represented  in  the  aooompanying 
c^yringtfy,  15.  Oyer  the  spaeo  upon  which  the  greatest  amount  of  light  falls,  i.e., 
the  region  of  the  yellow  and  orange  rays  l»  no  chemical  change  is  efibcted:  1^  pro^ 
longed  action  a  shght  change  is  brought  about  where  the  red  ray  falls,  r,  but  from 
the  mean  green  ray  y  up  to  the  point  /,  a  certain  amount  of  chemical  action  is 
maintained;  the  maximum  of  action  being  in  the  blue  and  Tiolet  rays  a.  Thus  the 
cuzred  line  {fig.  14)  from  e  to/ represents  the  extent  and  degree  of  chemical  power 
as  manifested  in  the  solar  spectrum.  Two  maxima  «re  marked  ▲  a,  differing  widely, 
however,  in  their  degree. 

Here,  as  in  i^erard's  en>eriments,  we  see  that  where  the  light  is  the  strongest,  there 
is  no  diemical  action,  and  that  as  the  luminous  power  dimiTiishes  the  chemical  force 
is  more  decidedly  manifested. 

Again,  we  find  that  if  we  take  a  piece  of  yellow  glass,  stained  with  oxide  of  silver, 
we  have  a  medium  which  entirely  prevents  the  permeation  of  the  chemical  rays, 
though  it  obstructs  no  Light  But,  if  a  very  dark  blue  g^ass  is  taken,  we  find  that 
nine^  per  cent,  of  the  luminous  rays  are  obstructed,  while  the  chemical  rays  permeate 
it  most  freely.  Kumerous  experiments  of  an  analogous  character  appear  to  prove 
that  the  chemical  and  luminous  powers  of  the  sunbea^  are  balanced  ag^unst  each  other 
(see  Hunt's  <  Besearches  on  Light '),  that  they  are  indeed  antagonistic  principles  or 
powers.    That  there  are  three  very  distinct  sets  of  phenomena,  every  one  admits. 

LiGt^T  (luminous  j9ower)f  to  whidi  bebngs  the  phenomena  of  vision  and  the  produc- 
tion of  cmour. 

Hbat  (calorific  jpower),  the  function  of  which  appears  to  be  the  detenmning  the 
physical  condition  of  all  matter,  as  regards  its  solid,  fiuid,  or  gaseous  condition. 

AoTonsic  {chemical  power),  to  which  all  the  phenomena  of  ^otography  are  due,  and 
many  of  the  more  remarkable  changes  observea  in  the  vegetable  kingaom. 

AcnxoHTHEiasTRT  was  a  term  first  applied  by  Sir  Jonn  Herschel,  and  has  been 
generally  adopted  to  indicate  the  phenomena  of  chemical  change  by  the  action  of  the 
solar  rays.  Actiniem  was  first  ^posed  to  express  the  chemicu  prindfie  of  the  sun- 
beam by  the  Editor  of  this  I^ctionaiy  at  the  meeting  of  the  British  Association 
at  York. 

AOmrOCMUI^B.  A  name  given  to  an  instrument  for  recording  the  variations 
in  the  chemical  {actmuiS  power  of  the  solar  beams.    The  name  signifies  ray  writer. 

ACravoXiITa.    A  variety  of  Hornblende     See  Hobmblbmdb. 

AOmrOMSnB.  {Bay  measurer.)  The  name  of  various  forms  of  instuments, 
the  objects  of  which  are  to  measure  the  direct  heat  radiations  from  the  sun.  The 
term  has  also  been  applied  to  instruments  employed  to  measure  the  varying  inten- 
sities of  Light. 

IITIIIMII  WTUa  gFJIBi    An  old  name  for  Corundum.    See  CJob^ticdttx. 

JLllAlKnra*  A  native  hydrous  arsenate  of  zinc,  ooenrring  in  the  silver-mines  of 
ChanarciUo  in  Chili,  and  in  the  Dip.  du  Yar,  France. 

ilBAUrS  VBBBUit  A  name  commonly  given  to  the  Yucca  gloriosot  a  plant 
belonging  to  the  LUiaoea  or  Lily-order,  the  fibres  of  which  have  l>een  used  in  the 
manufacture  of  paper. 

A1IAV80VZA  DSOXTAT JL  The  Baobab  tree,  a  native  of  Western  Africa. 
It  yields  a  fibre  which  has  lately  been  used  in  paper-making. 

ABBXTZOV8.  Such  articles  as  are  addea  to  the  fermenting  wash  of  the  distiller^ 
were  of  old  distingoished  by  this  trivial  name. 

ABSaSZOar  {stieking  together).  The  union  of  two  surfSaces.  With  the  pheno- 
mena whidi  are  dependent  upon  bringing  two  surfiicee  so  closely  t<M;ether  that  the 
infiuence  of  cohesion  is  exerted,  we  have  not  to  deaL  Li  arts  and  manufactures, 
adhesion  is  eflfocted  by  interposing  between  the  sur&oes  to  be  united  some  body 
possessing  pecaUar  properties,  such  as  gum,  plaster,  resin,  marine  or  ordinary  glue, 
and  various  kinds  of  cement  Adhesion  should  be  restricted  to  mean,  sticking  togeliier 
by  means  of  some  interposed  substance;  cohesion,  the  state  of  union  e&cted  by 
natural  attraction. 

Not  only  is  adhesion  exhibited  in  works  of  art  or  manufacture;  we  find  it  very 
strikingly  displayed  in  nature.  Fragments  of  rocks  which  have  been  shattered  by  con- 
vulsion are  round  to  be  cemented  together  by  silica,  lime,  oxide  of  iron,  and  the 
like ;  and  broken  parts  of  mineral  lodes  are  frequently  reunited  by  the  eurthy  minerals. 

ABZno  ACZB.  C"  H**  0*.  (C<  S**  0\)  One  of  the  fixed  fatty  adds  pro- 
duced by  the  action  of  nitric  acid  on  oleic  acid,  suet»  spermaceti,  and  other  fotty 
bodies.    See  Watts's  *  Dictionary  of  Chemistry.* 

ABZaoozma.  From  adeps,  fat ;  cera,  wax.  {Adipooire,  Fr. ;  FettwaohSf  Ger.) 
The  Msy  matter  supposed  to  be  generated  in  dead  bodies  buried  under  peculiar 
eircunstances.    It  is  ohiefiy  margarate  of  ammonia.    In  1788  and  1787»  wnen  tho 
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6hmi^/iidctiih»Iimocents,  at  P&zis,  was  cleaned  ont^  and  the  bones  transported  to 
the  OataoombSt  it  was  discorered  that  not  a  few  of  the  cadatfres  were  oonrerted  into  a 
saponaoeoos  white  substance,  more  espedallj  many  of  those  which  had  been  interred 
for  flftem  years  in  one  pit^  to  the  amount  of  1,500,  in  coffins  closely  packed  together. 
These  bo<£es  were  flattened  in  consequence  of  their  mutoal  pressure ;  and  uough 
they  generally  retained  their  shape,  there  was  demosited  round  tiie  Ixmes  of  sereral 
of  than  a  greyish  white,  somewhat  soft,  flexible  substance.  Foozercnr  presented  to  tiie 
Academy  of  Sciences,  in  1789,  a  memoir  which  appeared  to  prore  that  the  &tty  body 
was  an  ammoniacal  soap  containing  phosphate  of  lime ;  that  the  fcit  was  similar  to 
spesnaceti,  as  it  assumeid,  on  slow  cooHng^  a  foliated  crystalline  structore ;  as  sJso  to 
wax,  as,  when  rapidly  coded,  it  became  granular ;  hence  he  Galled  it  ad^poeire.  Its 
melting  pdnt  was  62-6«»  C.  (126-6«>  F.) 

.  This  substance  was  again  examined  hj  Oherreul,  in  1812,  and  was  found  by  him 
to  contain  mar^aric  acid,  oleic  add,  combined  with  a  yellow  colouring  odorous  matter, 
besides  ammoma,  a  little  lime,  potash,  oxide  of  iron,  salts  of  lactic  add,  an  azotised 
substance;  and  was  therefore  considered  as  a  combination  of  margario  and  oldo 
adds,  in  Tariable  proportions.  These  fat  adds  are  obTiomdy  generated  by  the 
reaction  of  the  ammonia  upon  the  margarine  and  oleme,  though  they  eventually  lose 
tiie  greater  part  of  that  volatile  alkali.  It  is  sometimes  confounded  witii  chlorestine. 
Bog  butter  is  said  to  be  a  similar  substance.    See  Fat  and  Fattt  Bonns. 

ABIP08B  8UB8TAVCB  or  ABZP08B  TZSBVa.  (Tissu  ffraisaeux,  Fr.) 
An  animal  oil,  resembling  in  its  essential  properties  the  Togetaole  oils.  Boring  life, 
it  appears  to  exist  in  a  fluid  or  semi-flmd  state ;  .but,  in  the  dead  animal,  it  is 
£requentiy  found  in  a  sOlid  form,  constituting  mtet,  which,  when  divested  of  the  mem- 
brane in  which  it  is  contsined,  is  called  tallow.    See  Taixow,  Oils,  &c. 

A2>n  or  ABIT  KKVWL*  The  horizontal  entrance  to  a  mine;  a  passage  or 
level  driven  into  the  hill-side.  The  accompanying  section  gives,  for  the  purpose  of 
distinctness,  an  exaggerated  sec- 


tion of  a  portion  of  the  subter- 
ranean workings  of  a  metallif  eroos 
mine.  It  shcmld  be  understood 
that  d  represents  a  mineral-lode, 
upon  which  the  sh<^  a,  has  been 
sunk.  At  a  certun  depth  from 
the  surface  of  the  hill  the  miners 
would  be  inconvenienced  by  water, 
oonsequentiy  a  level  is  driven  in 
£rom  the  dde  of  the  hill,  b,  through 
whidi  the  water  flows  offi  and 


whidi  the  water  flows  ofl^  and  ^<_V  v^  Srr^*^:gg"jv.,^f"^  ^, 
through  which  also  the  miner  can  >^<3*-i5l^^P^vSc!^v3Bc''^ 
bring  out  the  broken  rock,  or  any  >-''^^— ^"3^ 

ores  which  he  may  obtain.  Proceeding  still  deeper,  supposing  the  workings  to  have 
commenced,  as  is  conmionly  the  case,  at  a  certain  elevation  above  the  sea-level,  similar 
conditions  to  those  described  again  arising,  another  level  is  driven  so  as  to  intersect 
the  shaft  or  shafts,  as  shown  at  c.  In  this  case,  b  would  be  called  the  shallow,  and 
c  tiie  <2Mp  adit  The  economy  of  such  works  as  these  is  great,  saving  the  cost  of 
expensive  pumping  machinery,  and  also  of  condderable  labour  in  the  removal  of  ores 
or  other  matter  from  the  mine. 

The  great  Gwennap  Adit,  in  Cornwall,  with  its  branches,  was  cut  through  the  solid 
rock  for  nearly  30  miles ;  through  it,  numerous  mines  are  drained  to  a  certain  depth, 
and  the  water  pumped  from  greater  depths  discharged.  The  Nentforce  Level,  or 
Adit,  in  Alston  Moor,  has  been  wrought  under  the  course  of  the  Biver  Kent,  and  it 
extends  about  8^  miles  into  that  important  mining  district,  serving  to  drain  a 
considerable  numoer  of  the  Nenthead  mines.  Many  of  the  mines  in  Cumberland 
and  in  Derbji^shire  are  worked  b^  the  Adit  called  a  Jbav-levd  only ;  the  adit,  as  at  c, 
being  carried  into  the  hill  until  it  reaches  the  lode.  This  ore  is  obtained  by  working 
up  into  the  hill.    It  fSolls  into  the  level,  and  is  carried  out  in  tram-wagons.    See 


A  'variety  of  orthodase.  See  Fblspab. 
LTIOV*  The  practice  of  debasing  any  product  of  manufactore  by 
the  introduction  of  cheap  and  often  injurious  materials.  The  extent  to  which  the 
adulteration  cf  almost  every  useful  article  is  carried,  is  at  once  a  disgrace  to  the 
tra^Bnff  community,  and  a  standing  reflection  on  an  age  and  country  which  boasts  of 
its  hi^  moral  character  and  its  devotion  to  Christianity. 

ftT"^T^,  A  cutting  instrument;  differing  from  the  axe  by  the  edge  bdng  placed 
at  nearly  right  angles  to  the  handle,  and  being  slightiy  curved  up  or  inflected  towards  it. 
Th»  ins&mnent  is  held  in  both  hands,  whilst  the  operator  stands  upon  his  work  in  a 
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gtoomng  positLon ;  tho  handle  being  from  twentj-foor  to  thiitf  inches  long,  and  the' 
vei^t  of  the  blade  from  two  to  fonr  ponnda.  The  adze  is  swung  in  a  dicolar  path 
•almost  of  the  same  corvatore  as  the  blade,  the  shoulder  joint  being  the  centre  of 
motion,  and  the  entire  arm  and  tool  forming,  as  it  were,  one  inflexible  radius ;  the 
tool,  therefore,  makes  a  succession  of  small  arcs,  and  in  each  blow  the  arm  of  the 
workman  is  brou^  in  contact  with  the  thigh,  which  senres  as  a  stop  to  prevent 
accident.  In  coarse  preparatory  works,  the  winfanan  directs  his  adze  through  the 
space  between  his  two  feet ;  he  thus  surprises  us  by  the  quantity  of  wood  remored ; 
in  fine  works  he  firequently  places  his  toes  oyer  the  spot  to  be  wrought,  and  the  adze 
penetrates  two  or  three  inches  beneath  the  sole  of  the  shoe ;  and  he  thus  surprises  us 
by  the  apparent  danger,  ^et  perfect  working  of  the  instrument^  which,  in  the  hands 
of  a  shipwright  in  particular,  almost  rivals  the  jcnner's  plane ;  it  is  with  him  the 
neadr  uniyenal  panng  instrument,  and  is  used  upon  works  in  all  poBition8.^£ro^ 

JBO&XAV  SAA9.  A  musical  instrument ;  the  invention  of  Eireher ;  although 
it  was  probably  indicated  by  Hero  of  Alexandria.  The  musical  sounds  are  ivoduood 
Irr  t^e  action  of  a  current  of  air  upon  strings  placed  above  a  long  box  of  tmn  deal. 
l?he  wires  of  the  electric  telecrai^  on  the  sides  of  our  railroads  are  frequently  set  in 
such  a  state  of  vibration  by  the  wind,  that  they  become  gigantic  .Solian  harps. 

AZatATBB  "WATMKLm  The  common  commercial  name  of  water  artificially 
impregnated  with  oairbonic  add  or  oxygen. 

ABBO&ZTB8.  Meteoric  stones.  It  has  long  been  well  established  that  masses 
of  solid  matter  have  fallen  &om  the  atmosphere  upon  this  eart^  Various  hypotheses 
have  been  proposed  to  account  for  them;  amongst  others  the  following  may  be 
named: — 

1.  That  they  are  agppregations  of  solid  matter  which  take  place  in  the  higher 
regions  of  the  air.  It  is  ^own,  however,  that  our  atmosphere  does  not  contain  the 
chemical  elements  of  meteorites;  and,  moreover,  the  large  size  of  many  of  tiiese 
meteoric  masses — some  weighing  several  tons  each — ^renders  it  extremely  improbable 
that  thoy  should  be  formed  by  condensation  or  aggregation  in  a  highly  attenuated 
atmos^iere. 

2.  That  they  are  projected  £rom  volcanoes  in  the  moon.  The  researches  of 
Nasmvth,  Smyth,  and  others  appear  to  show  that  our  satellite,  whatever  may  have 
been  ner  condition  at  one  period,  is  now  in  a  state  of  comparative,  if  not  of  perfect, 
repose.  Some  astronomers  think  they  have  observed  changes  in  some  parts  of  the 
moon's  sui&ce,  but  there  are  no  indications  suffidently  dear  to  warrant  the  assump- 
tion of  there  being  any  volcanoes  in  a  state  of  activitjr. 

3.  That  belts  composed  of  fragments  of  matter  circulate  in  certain  fixed  orbits 
around  the  sun,  and  that  these  fragments,  sometimes  enterins  our  atmosphere,  are 
involved  in  the  earth's  influences,  and  feill  in  obedience  to  the  law  of  gravitation. 
The  flights  of  *  shooting  stars '  which  are  observed  at  particular  periods  appear  to 
fiftvour  this  view. 

It  has  not  been  proved,  however,  that  meteorites  move  in  circumsolar  orbits ;  and 
indeed  evidence  may  be  adduced  tending  to  show  that  they  have  probably  come  from 
regions  of  space  beyond  the  limits  of  the  solar  system. 

It  is  usual  to  distinguish  between  aerditest  or  meteoric  stones,  and  siderUes,  or 
masses  of  meteoric  iron ;  but  the  two  dasses  pas^  into  each  other  through  certain 
meteorites,  termed  sidsroliUs,  which  are  partly  metallic  and  partly  stony.  An 
aerolite,  or  meteoric  stone,  is  composed  of  a  number  of  crystalline  minerals,  ususJily 
loosely  ag^re^ted,  and  presentinff  a  peculiar  spherular  structure.  The  surface  of 
the  stone  is  invariably  coated  with  an  incrustation,  in  most  cases  lustrous  and  of  a 
blade  colour.  This  crust  seems  to  be  the  result  of  superficial  fusion  consequent  upon 
the  great  development  of  heat  due  to  the  resistance  which  the  stone  suddenly  encoun- 
ters on  entering  the  earth's  atmosphere. 

Among  the  minerals  found  in  aerolites  may  be  noticed— olivine  and  augite  (two 
silicates  of  magnesia]^,  several  aUoys  of  iron  and  nickel,  troilite  (sulphide  of  iron), 
schrdbendte  (|iiosphide  of  iron  and  nickel),  graphite,  and  certain  hydrocarbons 
similar  to  what  are  commonly  regarded  as  orsanic  compounds.  The  following  average 
per^sentage  composition  of  an  aerolite  has  been  calculated,  by  Beichenbach,  from  a 
very  large  number  of  trustworthy  analyses :  silica,  40 ;  iron,  25 ;  magnesia,  20 ; 
alumina,  2;  sulphur,  2;  nickel,  1*5;  lime,  1*5;  chromium,  0*5;  manganese,  0*38; 
sodium,  0*38 ;  other  elements,  1*84 ;  oxygen,  h^rdrogen,  and  loss,  5*5. 

Some  interesting  experiments  on  the  artificial  formation  of  meteorites  have  been 
carried  out^  within  the  last  few  years,  by  M.  Daubr^  This  chemist  has  been 
suooessM  in  produdng,  on  a  small  scale,  certain  products  strongly  resembling 
meteorites,  both  in  structure  and  composition.  The  artificial  aerdites  were  produced 
by  fiudng  a  rock  called  Lherzolite,  the  fusion  bdng  effected  dther  alone  or  in  the 
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{nseneo  of  oertiun  ledncapg  a^nts.    Other  experiments  haye  been  made  by  Heating^ 
uon,  silicon,  and  magnesium,  in  an  imperfectly  oxidising  .atmosphere. 

It  is  perhaps  nnnecessary  in  this  place  to  do  more  than  refer  to  Dr.  Mayer's 
ihsarj,  which  seeloB  to  explain  the  sonroe  of  solar  heat  by  the  impact  of  meteorites 
idling  into  the  mass  of  the  snn — a  subject  on  which  Mr.  Waterston  and  Sir  W. 
Thomson  have  also  written.  It  has  even  been  suggested  that  the  zodiacal  li^ht  may 
be  a  luminous  crowd  of  meteoric  stones  showered  down  upon  the  sun.  This  hypo- 
thesis has  not,  however,  received  the  support  it  claimed,  and  the  whole  question 
remains  in  a  state  of  considerable  uncertainty. 

AXB08TATZ0V  %  ASKOVAUTZOB.  The  ascent  into  the  atmosphere  by 
means  of  balloons,  which  are  either  filled  with  hot  air— Fnts-BAixooiis,  or  a  light 
gas — ^Aib-Baixoonsl 

The  Hontgolfier  balloon  is  a  bag  filled  with  air,  which  is  rarefied  by  the  action  of 
fire,  which  is  kept  burning  under  Uie  mouth  of  the  bag ;  and  thus  the  whole  mass  is 
rendered  spedfically  lighter  than  the  surrounding  medium. 

The  investigations  of  Cavendish  led  to  the  use  of  hydrogen  gas — ^the  lightest  of 
known  bodies — to  inflate  silken  bags ;  and  since  his  time  our  balloons  have  been  inflated 
with  either  pure  hydrogen,  or  with  common  coal  gas — carburetted  hydro^n. 

Notwithstanding  the  numerous  attempts  which  have  been  made  to  navigate  the  air, 
nothing  has  yet  been  done  to  enable  the  aeronaut  to  steer  his  balloon.  In  whatever 
current  of  air  he  may  be,  with  that  current  he  moves ;  and,  until  this  difficulty  is 
overcome,  we  cannot  expect  any  satisfactoiy  results  from  aeronautics.  The  great  use 
of  balloons  during  the  siege  of  Fans  led  to  considerable  improvements  in  tne  art  of 
aerostation.  They  were  l^gely  employed  during  the  siege  of  Paris  in  enabling  the 
besieged  to  communicate  outside  the  city. '  A  balloon-post  (Posie  aSrienne)  was  thus 
eetabnshed,  and  no  fewer  than  54  ascents  were  made  between  October  1870  and 
January  1871.  M.  Dupny  de  L6me  has  constructed  balloons  characterized  by  re- 
markable stability  of  the  car,  and  funushed  with  screws  and  rudder,  whereby  the 
speed  and  direction  of  tjie  balloon  are  brought,  to  a  certaiz^extent,  under  the  control 
of  the  aeronaut ;  nevertheless,  thp  great  problem  of  aerostation  yet  remains  unsolved. 
Some  interesting  and  useful  experiments  have  been  made  by  using  captive  balloons, 
by  which  we  have  arrived  at  some  facts  connected  with  the  upper  regions  of  the  air, 
which  could  not  be  obtained  by  any  other  means.  By  means  of  balloons,  valuable 
meteorological  observations  have  been  made  at  great  altitudes  in  the  atmosphere  by 
Mr.  Glai^er  and  other  scientific  aeronauts. 

JBKUOOm  {Verdigria,  Acetate  and  carbonate  of  copper,)  The  name  formerly  given  to 
the  bright  gpreen  mst^  produced  by  the  oxygen  of  the  air  and  carbonic  acid,  upon  copper, 
and  its  alloys,  bronze  and  brass.  The  Bomans  gave  this  name ;  thev  considered 
that  the  aru^o  added  much  to  the  beauty  of  their  statues ;  and  ac^usted  the  compo- 
sition of  their  allqjrs  with  the  view  of  producing  t^e  finest  green  colour.  This  was 
frequently  efi&d^  artificially;  and  to  distinguish  the  real  &om  t^e  artificial  the^ 
used  for  the  former  the  term  (srugo  nobUia.  This  is  the  patina  of  the  Italians ;  it 
is  a  form  of  verdigris.    See  Vebdioris  ;  Coffbb,  Acefatb  and  Oasbonatb. 

JBTBSOVS  MSn&AX.  The  black  sulphide  of  mercury  prepared  by  rubbing 
mercuiT  and  sul^^ur  together.  The  term  JEthiopa  was  applied  by  the  old  pharpia- 
eeutical  chemists  to  several  mineral  preparations  of  a  black  or  dark  colour. 

MrtaoTa  Axumokilus  was  a  sulphide  of  antimony  and  mercury. 

JBTBI0T9  Mabtuus.    Black  oxide  of  iron. 

JETJDon  Kabcoticus.    Sulphide  of  mercury  obtained  by  preciptation. 

JBrmoFS  pbb  sb.  The  grey  powder  obtained  by  exposing  impure  mercury  to  the 
ail.  

AVnWlTT.  The  term  used  by  chemists  to  denote  the  peculiar  attractive  force 
which  produces  the  combination  of  dissimilar  substances — ^as  an  add  with  an  alkali, 
or  of  8ul|drar  with  a  metah    See  Citbmtcal  Ai^unrr. 

AJntXOJkM  9MMW*  A  fibre  prepared  fh>m  the  leaves  of  Sansevieria  Zeylaniea, 
a  member  of  the  lily  order  extensively  distributed  through  tropical  AfHca  and 
IndSa. 

AmtOAV  TBAK.  A  valuable  wood  fbr  ship-building,  the  produce  of  Old* 
fiMia  4Moana,  Bth.,  a  tree  belonging  to  the  spurge  order.  This  wood  is  to  be  care- 
ftilly  distinguished  from  the  true  teak.    See  Teax. 

JBLUAJUMJLTOiaTMm  The  '  Figure-stone,'  or  Pagodite,  of  China ;  a  soft  mineral 
in  whidi  carvings  are  commonly  executed  by  the  Chinese.  Under  the  common  name 
of  agalmatolite,  are  included  several  minerals  similar  in  physical  characters,  but 
essentiaUv  distinct  in  chemical  composition.  The  true  agalmatolite  is  a  hydrous 
silicate  of  alumina  and  potash,  closely  allied  to  ]pinite.  Professor  Brush  has  shown 
that  certain  specimens  of  so-called  n^;almatohto  are  really  a  compact  form  of 
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pjn^yllite  (hjdrons  silicate  of  alumina),  whilst  others  are  silicates  of  magnesis^ 
either  hTdzons  or  anhjdious. 

AOAB-vaOAB.  A  seaweed  forming  a  laige  article  of  oommeroe  in  the  East 
It  is  frequently  called  Bengal  Isinglass,  fiom  the  fact  of  its  bein^  found  largely  in 
the  Ben^  mia^t.  It  is  used  for  making  jellies  and  for  sta£femng  purposes.  See 
Auam, 

ACMUttcm*  A  genus  of  the  class  Fungi,  so  numerous  that  4,000  species 
haTo  been  enumezated.  The  mushrooms  are  of  this  order.  The  AgaricuM  cam- 
pestris  is  the  one  commonly  used  in  this  country  as  food,  and  firom  which  the 
sauce  called  ketchup  is  made.  In  Italy  this  species  is  considered  poisonous,  ^R^e 
many  species  used  Uiere  and  in  Eranoe  are  unused  here.  The  tmiBe  is  a  mushroom. 
Tuber  ciharium^  and  its  commercial  yalue  is  so  great  that  in  Bome  the  yearly  ayeiage 
of  taxed  mushrooms  from  1887  to  1847  was  between  60,000  and  80,000  lbs.  weight 
The  Jnaricus  muacaria  is  a  noisonous  species,  though  used  by  the  natiyes  of 
Kamtsdiatka  and  Korea  to  produce  intoxication ;  the  Bussian  name  is  monchomore, 
and  an  inftasion  of  this  taken  with  some  liquor  produces  raying  delirium  and  not 
unfte^uently  a  desire  to  commit  suicide  or  assassination.  Another  yariety  is 
beautifully  phosphorescent  The  Agarid  grow  in  decaying  animal  or  yegetable 
matter ;  they  are  cellular  plants,  with  a  rounded  tkaUus  on  a  stalk ;  the  spores  or 
seeds  occur  underneath  the  cup  in  the  giUs  or  ^fmenium.  Their  growth  is  remarkably 
ra^d,  and  there  is  often  great  difficulty  in  mstingoishing  between  the  edible  and 
poisonous  yarietaes. 

All  the  fongi  of  this  genus  contain  a  larger  amount  of  nitrogen  than  either  peas  or 
beans.  The  following  are  a  few  of  the  analyses  giyen  in  Watts's  ^Chemical 
Dictionazy:' 

Mltrogen* 

Agaricus  delidosus       .  4*68. 

„        aryensis  7*26. 

*„        muscarius      .  6*84. 

lyooperdon  eehinatum  •       •       6*18. 

Upon  this  depends  their  nutritaye  properties. 


(Affoie,  7r. ;  Achai,  Oer.)  The  term  Agate  is  not  employed  to  denote  any 
distinct  mineral  of  uniform  composition,  but  is  allied  rather  to  certain  mixtures  <n 
siliceous  minerals,  consisting  of  difbrent  yarieties  of  chalcedony  usually  associated 
with  jasper,  quarts,  amethyst,  and  other  natural  forms  of  silica.  The  a^te  is  the 
&xa'n|f  of  the  Greeks,  by  whom  it  was  so  called  after  the  riyer  in  Sicily  of  that 
name  (now  the  Drillo),  whence,  according  to  Theqphrastos,  agates  were  first  procured. 
Bochart,  with  much  probability,  deduces  the  name  from  the  Funic  and  Hebrew, 
naked,  spotted. 

In  some  agates,  as  in  certain  yarietaes  from  Saxony  and  Bohemia,  the  chalcedony 
and  other  component  minerals  haye  been  deposited  in  fissures,  thus  forming  true 
yeins ;  but-in  by  far  the  greater  number  of  cases  the  materials  of  the  agate  haye  been 
formed,  layer  after  layer,  in  the  cayities  of  a  yeeicular  rock.  When  the  formation  of 
the  agate  has  proceeded  with  regularity,  a  transyerse  section  of  the  stone  exhibits  a 
number  of  concentric  lines  representing  the  edges  of  the  successiye  deposits — ^these 
deposits  diffbrin^  one  from  another  in  <»lour,  density,  and  other  physical  characters, 
and  thus  producing  the  yariegated  patterns  exhibited  by  most  agates.  As  the  com- 
ponent minerals  are  formed  in  regular  sequence,  the  successiye  layers  being  deposited 
from  without  inwards^  it  follows  that  the  innermost  portion  of  an  agate  must  always 
be  the  most  recent 

Agates  are  usually  found  either  embedded  in  a  rock  called  mdaphyre,  or  in  the  form 
of  free  nodules,  liberated  by  decomposition  of  the  matrix.  Although  the  term 
melaphyre  has  bMu  somewhat  loosely  applied,  it  is  now  generally  used  to  designate  a 
fine-grained  emptiye  rock,  composed  mainly  of  a  felspar— either  oligodase  or  labrado- 
rite — and  auffite,  with  more  or  less  magnetic  iron-ore :  it  is  chiefly  associated  with 
stratified  roeks  of  palsosoic  age.  When  firesh,  the  melaphyre,  as  its  name  implies, 
{lUkas,  black)  is  usually  of  a  black  or  yery  dark  colour,  but  on  weathering  it  often 
becomes  green  or  brown ;  it  i^  the  altered  yarieties  of  melaphyre  that  most  commonly 
contain  agates.    Some  yarieties  are  por^^yritic,  and  were  formerly  called  augiiic 


Jnwuling  to  admit  the  igneous  tan^u  of  the  agate-bearing  melaphyres,  some, 
authorities,  as  Bischof,  haye  maintamed  that  the  cayities  now  occupied  by 
siliceous  minerals  haye  been  formed  by  the  remoyal  of  crystals  in  the  porphyritie 
rock — these  cayities  haying  been  enlarged  and  their  angles  rounded  off  by  subsequent 
solution.  Although  such  an  explanation  may  be  admissible  in  certain  cases,  it  seems 
much  more  probable  that  in  by  &r  the  larger  number  of  rocks  the  cavities  were 
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originally  fanned  by  the  disengagement  of  gae  or  steam  at  a  time  when  the  melaphyre 
'vas  in  a  molten  or  partially  molten  state.  The  formation  of  such  yesicles  in  a  plastic 
mass  may  be  veil  iUustnted  by  the  spongy  texture  of  a  loaf  of  bread.  Originally  the 
iionn  of  the  bubbles  in  the  viscid  rock  would  be  more  or  less  globular,  but  by  moye- 
ment  of  the  pasty  mass  the  hollows  might  become  elongated,  or,  as  often  happens, 
pointed  at  one  extremity ;  if  the  mass  were  slowly  moviog  upwards  the  point  would 
be  directed  downwards.  In  many  cases  the  cavities  have  been  much  extended  and 
laterally  compressed ;  and  hence  the  agates  now  occupying  such  hollows  are  elongated, 
flattened  and  pointed,  thus  resembling  almonds,  and  me  rock  containing  them  is  con- 
sequently termed  tanygdaUndal  melaphyre.  Evidence  of  the  movement  of  the  viscous 
rodL-mass  is  Airther  afforded  by  the  peonllelism  often  observable  in  the  amygdi^dal 
agates  as  they  lie  in  the  rock — the  longer  axes  of  these  agates  being  all  arranged  in 
one  direction.  Hie  smaller  agates  are  often  perfectly  amygdakndal,  but  the  larffer 
specimens  are  usually  distorted.  It  is  likely  that  the  cavities  of  the  large  amygdaloids 
mav  have  been  produced  by  the  coalescence  of  several  smaller  yeeiclee. 

On  the  cooling  of  the  igneous  mass,  water  charged  with  carbonic  acid  would 
percolate  through  the  rock,  and  efifect  the  decomposition  of  some  of  the  mineral  con- 
stituents— the  diemical  changes  being  perhaps  aided  by  the  heat  still  lingering  in  the 
zock.  The  products  of  this  decomposition  mi^t  be  carried  into  the  vesicular  cavities, 
and  thrown  down  as  a  lining  on  their  inner  walls.  Among  the  first  formed  of  such 
products  are  the  minerals  called  detestUe,  or  ferruginous  dilorite,  and  the  somewhat 
similar  substance  termed  'green  earth; *  many  vesicular  cavities  ^hibit  nothing  more 
than  a  layer  of  such  g^n  minerals,  derived  probably  from  the  decomposition  of  the 
augite  in  the  rock,  whilst  most  agates— especially  the  smaller  ones — ^when  freed  from 
their  matrix  present  a  green  external  coating  of  a  like  nature.  In  other  cases  a 
hydrous  peroxide  of  iron  appears  to  have  been  formed,  perhaps  by  further  alteration 
of  the  green  earth ;  and  hence  many  large  agates  present  a  rusty  exterior  or.  exhibit  a 
pitted  surface  due  to  the  former  presence  of  a  coating  of  this  mineral  The  smaller 
cavities  in  amygdaloidal  rocks  are  commonly  filled  with  carbonate  of  lime,  and  the 
solid  nodules  removed  tcom.  such  rocks  consequently  appear  as  small  green-coated 
masses  of  calcite.  But  in  most  cases  silica  has  been  separated  from  the  silicates 
decomposed  in  the  rock,  and  has  been  thrown  down  in  a  gelatinous  state  on  the  walls 
of  the  cavity  as  a  coating  of  chalcedony.  This  coating  may  be  nothing  more  than  a 
thin  rind,  thus  formine  a  hollow  agate  or  geode.  It  generaUy  happens  that  crystalline 
silica  is  deposited  on  Uifr  inner  sm&oe  of  the  chalcedonic  layer,  which  thus  bears  a 
crop  of  crystals  of  quartz — the  free  p<»nted  ends  of  tiiese  crystals  being  all  directed 
towards  Uie  centre  of  the  geode.  fine  amethysts  are  often  found  seated  in  such 
situations.  In  other  cases  the  cavity  may  contain  stalactitic  deposits  of  chalcedony, 
or  crystals  of  calcite,  or  of  various  hydiated  silicates  called  Meolitee,  and  rarely  of 
certain  metallic  minerals — as  iron-glance,  copper-pyrites,  native  copper,  &c 

By  continued  deposition  of  chalcedony,  or  of  alternate  layers  of  chalcedony  and 
crystalline  quarts,  the  cavity  may  become  completely  filled,  and  a  solid  agate  tiius 
fbnned. 

Many  agates  exhibit,  on  section,  tubular  orifices,  which  are  commonly  supposed  to 
have  servM  as  inlets  through  which  the  agate-forming  materials  have  been  introduced 
by  infiltration.  In  some  specimens  these  inlets  have  become  choked  up  at  an  early 
period  in  the  histoiy  of  the  stone,  and  the  introduction  of  fresh  matter  was  thus 
prevented ;  in  other  cases  the  tubes  have  remained  open  until  the  cavity  was  com- 
pletely filled,  and  connexion  has  thus  been  maintained  between  the  very  heart  of 
the  a^te  and  the  exterior.  This  <  infiltration  theory '  has  been  staunchly  supported 
by  Yon  Buch  and  Noggerath.  On  the  other  hand,  Haidinger  supposed  that  the  silica, 
instead  of  beinff  introduced  through  special  apertures,  exuded  through  the  general 
walls  of  the  cavity.  After  a  lining  haa  been  laid  down  uniformly  over  the  interior, 
more  silica  in  solution  might  pass  fscm  the  exterior  through  this  layer  bv  a  kind  of 
osmosis,  and  thus  gun  access  to  the  interior.  But  in  describing  the  moaem  method 
of  colouring  agat^  it  will  be  shown  that  certain  layers  of  chalcedony  are  quite 
impermeable  to  fluids,  at  least  under  ordinary  conditions  of  temperature  and  pressure. 
As  soon,  then,  as  a  dense  impervious  layer  was  deposited,  it  would  seem  at  fbrst  eight 
that  all  action  must  cease ;  but  it  has  been  suggested  that  siliceous  solutions  mi^t 
still  find  their  way  to  the  interior  through  the  cracks  with  which  agates  are  almost 
invariably  rent^ 

A  difforent  theory  of  a^te  formation  has  been  advanced  by  Beusch.  He  supposes 
that  warm  siliceous  solutions  were  from  time  to  time  introduced  into  the  cavities  by 
the  action  of  intermittent  thermal  springs,  the  cavities  being  thus  alternately  filled 
and  emptied.  The  intermission  of  toe  action  may  account  for  the  definite  succession 
of  the  dsposits,  and  the  sharp  lines  ci  separation  between  the  several  strata.  This 
theory  has  been  ingeniously  extended  by  Lange,  who  eeekfl  to  explain  the  formatioa  of 
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both  ooDOeotxic  and  homontal  layers  in  the  tame  stone,  an  iittonatinn  often  obaerred 
in  the  South  American  agates,  and  ahrajs  difficult  of  explanation.  Lange  maintaina 
that  when  the  geUtinous  silica,  deposited  in  a  warm  state,  had  choked  up  the  entxanoe, 
the  tension  at  Uie  steam  confined  in  this  closed  cavity  woold  cause  the  idtifwins  jelly 
to  be  pressed  equally  in  all  directions  against  the  inner  surface  of  the  cayitj,  thus 
forming  a  continuous  lining,  until  the  steam  finally  burst  the  coating  at  its  weakest 
point,  and  so  effected  its  egrees:  the  so-called  inlets  of  infiltration  may  therefore  be  really 
canals  of  eruption.  If  the  cavity  were  laige,  the  elasticity  of  the  vapour  mi^t  be 
iiimffyn^y^^  to  prcss  the  geladuous  matter  against  the  sides  of  the  hollow,  and  the 
fnnt^mts  would  then  be  precipitated,  in  obedicooe  to  the  force  of  gravity,  in  horizontal 
stxmta  on  the  floor  of  the  cavity :  henoe  the  co-ezisteDce  of  concentric  and  horizontal 
layais  in  a  single  agatei 

Aeooxding  to  the  varying  conditioDa  under  which  the  neeeasive  strata  of  an  agate 
have  been  formed,  di&rent  varietiea  of  the  mineiaV  are  produced,  and  many  of  these 
are  sufikiently  well  chaimctftriied  to  receive  special  namea.  Thus,  iHien  the  cavitv  in 
which  the  stone  baa  been  foonad  presents  angular  contonrn,  the  layers  naturally  adapt 
themselves  to  these  an^ea,  and  toe  cot  stone  thus  nihihHii  a  zigrsg  pattern,  whence 
it  is  termed />f<i/6o8tt(m  n^stc  If  the  deposits  form  concimtric  rings  the  stone  is 
called  cyv  a9«te.  Such  trivial  names  as  rtbbom  agaU^  land»cmp$  mgaU^  clouded  off^ 
and  the  Uke^  sufficiently  endain  themselves.  A  beautiful  hnoddsUd  mgaU,  in  whidi 
angular  fesgmeats  of  a  banded  vaiie^  are  cemented  together;  chiefly  by  amethyBt»  is 
weU  known  from  Schlottwiti  in  8azonv. 

The  colours  of  agate  are  arranged  in  parallel  or  ooneentrie  bands,  or  assume 
the  form  of  douds  or  spots,  or  arbcveaosnt  and  moss-like  stains,  lliese  oolouzs  are 
dne  to  the  presence  of  iftsllit  ooddes.  When  bladL  and  white  strata  sltemate,  the 
stone  is  called  an  ommx\  when  the  layers  are  brown,  or  red  and  white,  it  becomes  a 
mrdm^.  If  the  white  stratnm  of  an  onyx  be  so  thin  as  to  appear  bluish  white,  the 
stone  IS  termed  by  jeweUers  a  wkoh.  Hie  moekm  stone  is  a  variety  mntsining 
dnwdritic  markings  dne  to  the  presence  of  oxide  of  manganese,  or  of  iron,  whilst  the 
I  <ys/f  is  a  fhalnwinny,  wmtaiiringgieen  mow  like  msTkingis  xefomble  to  indnded 
aic  f<n^Mii^g''»ai±«g  ifiapni^  in  these  pattetna. 

»  chief  locaHtwa  whieh  yield  agates  to  any  oiftent  are  the  melapfayve  rods  in 
tlM  Qalgenbev  and  sbevhers  in  the  nfighbonrhood  of  Obsitein  in  ^awwnA 
Baiusa,  and  tibs  beds  of  the  Bio  Budo,  the  Tsquaae^  and  other  liven  in  Uri^inay, 
which  yield  the  nodalss  OQUMn^  called 'Baalian  agatea.'  fine  Onental  agatea 
are  imnafted  firam  In£a,  diieiy  from  Ouahay,  where  they  are  largely  cnt  aikd 
pnBsiiwI  1^wcIl-knofvn«Sootehpebblea'aretniaagiteB  found  in  vaiionsloQalidea 
n  Seotland,  especially  in  the  amygdbkidal  Kwks  of  Einnoni  Hill  in  Plerthsfair«;  near 
Montrose  in  Eoifinihira;  at  Dunbar;  at  Dwi^^nss  in  Had£i«;t(mddr^  a^  e^^ 
Tim  pebbles  fond  on  the  sooth  coast  of  Sn^bind  are  not  tima  antes,  bntara  sin^y 
iinti  deriTBd  from  the  nppsr  chalk,  and  ofUn  exhibit  patterns  dne  to  the  presence  of 
fhnanitna,  TsntrimlitHi;  and  other  organie  t  wsins,    At  the  same  tinw  lazea  nnnben 


fhnanitna,  TsntrimlitHi;  and  other  oi;ganie  t  wsins,  At  the  same  tinw  large  nnnben 
ofagitesarealsD  sold,  at  kiw  prices,  at  most  Eng^di  wated^g-places,  bat  thea^  so 
~  r  from  being  loQal^pebbles,' are  geoenlly  Sooth  AmeBBM  agates,  cnt  and  polished 
...     ~aepsbhlBB€f 


they  are  la^y  iaqxuted.  Fine  pabMss  cf  agate  and  other 
stones  are  famd  in  theVaal  Siver  in  SqmUi  Afiioa.  and  also  in  the  Kile. 
Mr.  Buatiae  hns  reeeotfy  desctibed  a  kwal  enmtian  of  mekijnui^  paifei  of  which 
1  riaia  ins  agstea,  at  Ayts  Oeek.  a  tribtnry  of  the  Gilbert  idrver  in  QnnrMlsw! 


Some  bsantifal  pniishwd  ennqiles  of  Qiniiliii!  agites  vers  mdubttsd  in  the  Inter- 
1  Rihibition  of  VS7%, 

I  in  the  aits  for  a  variety  of  pnrpoaes,  aneh  as  knifo-adges  of  delicate 


iarrhsmiflsl  |iinuo— ,  bnamshers  ior  gold  and  aWer,  atylea 
fcr  writing,  asalhsndle^  broochss,  bracrfst^  bends,  and  an  andless  wiety  of  small 


Ilieae  hard  stones  nia  cnt  and  polishad  almost  anelnmvaly  in  a  ■aaliaabnct  at  the 
footoftheSorithenHnndBraekinWestaniGsimnny.  I^e  woris  are  ddeiy  sitnatad 
aki^  the  TaUsyofthald»,n  small  stream  which  iovs  into  the  liahs^  Atad^tnnea 


ofabontMrnOmfram  Bb^en,  where  the  Kahe  esmties  iCaslf  into  ths  BhiM^  the 

nd  IdM    about  t 


I  of  Obsntein  is  sitnated.    Oberstetn  and  ] 
are  the  dnrf  i— liia  of  the  agate  trade.    Althon^  it  is  tzne  that  there  aia  imny 
anste-  wmking  is  csnied  on  to  a  Kauted  extent,  it  is  only  in 
aWaateracoaliiin    I  hat  ths  trade  is  ^stiinmliinllypnrsned. 
iilnaiij.    Rom  the  low  valne  of  labour,  the  agstea  are  them 
d  vast  qnantstaea  of  the  ent  stones  am 
watering-plMea.    A  large  trade  is  also 
Pln^Ncfw  York,  and  other  distal*  looaliticn; 
*  to  the  interior  of  Aftsea. 
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The  looaliaation  of  the  agate  indostry  in  the  neighbourhood  of  Oberstein  and  Idar, 
at  a  very  early  date— certainly  more  than  400  years  ago — may  be  traced  to  the 
^entafdl  oeconrenoe  of  agates  in  the  gonoanding  hillB,  efpecialiv  in  the  hill  called  the 
Galgenbeie  or  Steinkauenbeig.  These  hills  consist  of  a  melaphyre,  more  or  less 
am^gdaloiaal,  which  has  burst  through  the  sandstones  of  the  Saarbruck  coal-field. 
Adita  -were  formerly  driyen  into  the  hill-side^  and  the  agate-bearing  rocks  were 
systematically  quained.  The  workings  in  these  quarries  hare  for  several  years  past  been 
almost,  if  not  entirely,  abandoned,  chiefly  through  the  large  importations  constantly 
being  receiyed  from  South  America. 

In  1827  some  Idar  polishers  who  had  emigrated  to  Uruguay  accidentally  discovered 
some  fine  agates,  used  at  that  time  as  paving-stones.  Large  quantities  of  the  amygda- 
hndal  nodides  were  easily  collected,  as  loose  pebbles,  ttom  the  bed  of  the  Kiver 
Taquarie,  and  were  despatched  to  Oberstein  by  way  of  Hamburg.  The  South  A^neiican 
agates  are  evidently  derived  £rom  decomposed  xnelaphyre  rodcs,  for  although  never 
found  actually  embedded  in  the  matrix,  portions  of  the  mother-stone  are  occasionally 
seen  adhering  to  the  pebbles.  As  the  agate-nodules  are  obtained  without  the  expense 
of  quarrying,  the  cost  is  confined  to  that  of  collecting  them  from  the  sur&oe  of  the 
noinnd,  or  separating  them  from  the  superficial  detritus.  The  stones  are  brought 
down  to  the  coast  on  mules,  or  in  waggons  drawn  by  oxen,  and  are  received  at  Porto 
Alegre,  or  at  Salto,  whence  they  are  taken  to  Honte  Video  and  Buenos  Ayres,  and 
shipped  from  these  ports  to  Euope.  formerly  they  left  the  countzy  free  of  duty, 
and  were  brought  over  as  baUast,  but  an  export  duty  has  now  to  be  paid,  amounting 
in  Uruguay  to  six  per  cent  of  their  value,  and  in  Braal  to  ten  per  cent.  Arrived  at 
Hamburg,  Antwerp,  or  Havre,  the  agates  are  conveyed  by  rail  to  Oberstein— the 
rough  stones  tzaveUing  in  open  trucks,  while  the  choicer  camelians  are  packed  in 
cases.  The  total  cost  of  transport  by  sea  and  land  amounts  to  txom  3«.  to  fi«.  per 
cwt.  Laige  parcels  of  the  agates  are  displayed  in  the  courtyards  of  ihe  inns,  and 
after  due  advertisement  are  sdd  by  public  Auction.  Prior  to  the  sale  the  polishers 
inspect  the  lots,  and  break  off  samples  of  the  stones,  whidi  are  taken  home  and  tested 
as  to  their  ^wer  of  taking  colour  by  methods  to  be  presently  described.  From  forty 
to  ftttv  auctions  take  place  annually,  and  though  the  prices  of  the  stones  vary  greatly 
aooorcong  to  their  quality,  it  may  be  said  that  ordinary  agates  may  be  bought  on  an 
average  for  about  15«.  per  cwt  In  1867*  the  auction  sales  for  the  year  realised  a 
gross  sum  of  nearly  16,000^ 

The  agates  are  first  roug^y  dressed  with  chisel  and  hammer.  From  the  texture  of 
the  stone  the  experienced  workman  is  able  to  judge  in  what  directions  the  stone  will 
most  readily  split,  and  hence  by  a  few  skilfully-directed  blows  he  manages  to  trim 
the  agate  rudely  into  the  shape  which  it  is  intended  to  assume.  The  more  valuable 
stones  are,  however,  sawn  into  shape  with  emery  and  water.  The  grinding  is  efiboted 
on  large  red  grindstones,  mounted  on  a  horizontal  axis,  uid  rotating  in  a  vertical 
plane.  Each  axle  carries  from  three  to  five  stones,  and  communicates  on  the  outside 
with  a  water-wheeL  These  wheels  vary  from  10  to  18  feet  in  diameter,  and  are 
usually  undershot  Host  of  the  mills  are  situated  on  the  Idar,  a  stnem  which  rises^ 
in  one  of  the  hi^iest  parts  of  the  Hochwald.  At  the  village  of  Idar  it  is  about  1,012 
feet  above  the  sea-level,  and  at  Oberstein,  where  it  debouches  into  the  Nahe,  it  is  905 
feet  higfa.  It  is  in  the  Idar  valley,  between  these  two  villages,  that  most  of  the 
agate-mills  are  situated.  In  consequence  of  the  want  of  water  during  a  dry  season, 
the  mills  often  stand  idle,  and  hence  in  a  few  of  the  larger  worics  steam-power  has  of 
late  years  been  introduced.  The  grindstones,  to  whi<£  the  water-wheel  or  steam- 
engine  gives  motion,  are  made  of  new  red  sandstone,  quarried  at  the  Eaiserslautem 
near  l^nnheim,  and  are  about  6  feet  in  diameter  and  one  foot  in  width.  They 
usually  make  three  revolutions  per  minute.  When  the  stones  have  been  badly 
selected,  or  used  too  soon  after  having  left  the  quarnr,  they  have  been  known  to  fiv 
to  pieces  with  great  violence,  and  in  this  way  several  mtal  acddjents  formerly  occurred. 
The  iriieels  re^ve  in  a  well,  the  horisontal  shaft  being  neariy  on  a  level  with  the 
fioor,  below  iriiich  the  lower  half  of  the  wheel  is  concealed.  A  small  stzeam  of  water 
is  intzoduoed  hy  a  launder  above,  and  by  constantly  trickling  over  the  stones  keeps 
them  moist  Two  workmen  are  generally  em^doyed,  side  by  side,  at  each  stone.  The 
•workman  lies  in  an  almost  horisontal  position,  resting  his  chest  and  stomach  on  a 
bare  wooden  grinding-stool,  adapted  to  the  shape  of  his  body,  while  he  presses  his 
feet  against  a  block  of  wood  fastened  to  the  fioor :  the  reaction  of  this  fixed  block 
enablM  hun  to  apply  any  object  with  great  force  to  the  moving  grindstone.  The 
specimen  to  be  ground  is  either  held  directly  in  the  hand  or  applied  to  the  stone  by 
means  of  a  short  piece  of  soft  wood.  The  form  is  given  to  the  object  by  holding  it  in 
certain  channels  cut  on  the  circumference  of  the  stone.  During  grinding,  ihe  friction 
causes  the  agate  to  glow  with  a  beautifiil  reddish  phosphorescent  light,  visible  even 
in  the  daytime,  and  quite  distinct  from  sparks  elicited  by  friction.    After  hbviug  been 
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groond,  the  stones  are  poliahed  with  tzipoli  on  a  cylinder  of  hard  wood,  or  on  a  plat« 
of  tin  or  lead. 

An  important  branch  of  the  agate  trade  is  that  of  artificially  oolonring  the  stonea— 
an  ait  which  has  attained  great  perfection  in  recent  times,  but  is  £&r  from  being  a 
modem  inyentaon.  Pliny  states  (bk.  zxxvn.  cap.  76)  that  in  Arabia  agates  are 
fonnd  which  are  porified  and  prepared  for  the  cntter  by  being  heated  in  honey  for 
seven  days  and  seven  ni^ts.  Evidently  the  mere  absorption  of  this  saccharine  matter 
into  the  pores  of  the  stcmes  woold  be  insufficient  to  materially  alter  the  appearance  of 
the  agate;  bat  if  theabeoibed  honey  oonld  have  been  oaiboniaed  by  the  action  of 
solphnric  acid — as  at  present  pnM^ased — the  dark  colonr  of  the  brownish  layers 
would  have  been  considerably  heightened,  and  the  stcmes  improved  for  the  cameo- 
worker.  Bdieving  that  this  was  really  the  proeess  described  by  Fliny,  though  he 
was  ignorant  of  the  entire  secret,  some  authorities  have  aigned  in  avonr  of  the  know- 
ledge of  oil  of  vitriol  by  the  ancient  Bomans,  while  others  have  soggested  that  the 
native  snlphnrio  acid  from  volcanic  emanations  was  probably  enjoyed ;  others,  again, 
have  maintained  that  the  honey  was  merely  charred  by  ei^osnre  to  heat,  as  is  said  to 
be  still  practised  in  the  fisst  Be  that  as  it  may,  it  appears  that  the  secret  of  arti- 
ficially raodncing  a  black  colonr  in  agates  was  for  ages  handed  down  traditionally 
by  the  Italian  cameo-workera.  From  time  to  time,  Italian  travellers  visited  Idar,  and 
pnrdiased  stones,  whidi  were  taken  to  Borne  and  there  coloured.  At  length  the  secret 
of  this  art  ooaed  oat  under  peculiar  drcnmstances,  and,  being  once  known  in  Idar, 
rapidly  spread,  and  baa  not  only  been  the  means  of  greatly  devebptng  the  agate- 
industry,  but  has,  to  a  large  extent,  caused  the  removal  of  the  seat  of  stone-engraving 
from  Itolv  to  Qermany. 

All  artificial  cokNumtaoii  of  these  hard  stones  depends  for  ita  soocess  on  variations 
in  texture  and  density  pnaented  by  the  different  lajera.  Seetioas  of  agate  under  the 
microscope  often  exhibit  distinct  pores,  and  the  uneinial  texture  of  the  seveiml  layms 
is  weU  seen  by  the  aotioB  of  l^jdrofluoric  acid,  whkii  readily  attracts  certain  strata 
while  it  is  ressted  by  othen,  thus  producing  an  uneren  wsAem,  from  which  an  im- 
presBMMi  of  the  agate  may  be  naturally  printed— a  prooeas  wUdi  has  been  beantifolly 
carried  out  by  Dr.  Leydolk  Not  only  do  the  compoaent  layen  of  an  agate  abaocb 
bquida  with  diftreiA  Oflgrees  of  fodlity,  bat  the  stoMS  as  a  whole  exhibit  like  difie- 
xeaoes ;  sons  itoaee  ahaoibuig  the  colour  rapidly,  oUun  req[uiiing  moatha  to  do  so, 
and  others,  again,  «BtirelT  refutng  to  take  colour.  Tbe  South  Amrnrmn  agptea,  as  a 
rule,  lead  thnaMelvf  with  peooliar  focilify  to  this  artifioial  cokwration,  and  are  mndi 
■wre  porous  than  the  time  GeoBfan  agates. 

Bhdc  or  dark  browm  oolouis  are  those  couBonly  developed  in  agates — theaedaik 
strata,  when  altanating  with  deaae  white  layers,  foouag  beautiM  onyxes  well  fitted 
for  aameo-wodL  To  pro^Me  the  dark  colour,  tha  itouea,  having  been  w«U  wadied 
and  dried,  are  placed  in  bouey*  thiaaed  with  water,  and  are  esLpoaed  in  a  waan  place 
for  sevenl  days,  in  sons  cases  as  kag  aa  three  weeks.  Tbe  tmbsI  coataining  them 
is  heated  by  bekig  placed  ia  hot  aalHs  or  oa  a  8teff«,  but  tha  syiup  is  aefver  alkfwed 
to  boO.  AiUr  baviag  laia  ia  tbe  wana  boaey  for  a  —flrtent  tim^  ikipeadiag  oo  tbo 
texftuia  of  tbe  atoae,  tbsy  are  luawnud,  wA  waBbad,and  ^beed  ia  a  vessel  with 
—flrtwnt  f  wsi  liiil  oil  <rf  vitriol  tooovur  tbem ;  the  venelbeni^eovuredwitbaalaieb 
aadeiyed  to  a  ■odeaate  I— |iisataiiiw    Ha  aalphaiie  acid 


ptevioaBiy  absotbed  bj  tba  porous  layura  of  tbe  asafee^  aad  pwidacea  a  black 
«r  a  de^  browa  oobiur  aceoraag  aa  tbe  aetioa  is  Bwre  or  leas  iateaaa.  (Hivo  oil  is 
used  by  tbe  IteliaBS  iaatead  of  boaey,  but  tbs  cbamiflal  readaoas  ar^  of  eouBa^ 
inisiiilly  tbeaaaiaiatbe  twa  caaea.  Sobm  stoaea  blackaa  ia  a  fow  boo;  otbees 
reqpve  aevaaal  days,  while  bad  atoaes  never  take  eolour.  Wbeu  aufteseatly  tinted 
tba  stoaea  are  reaaoved  ttom  tbe  acid,  waabad,  dried,  and  poliflbed ;  tbey  are  tbea 
aiaiaaHy  laid  ia  oil  to  b^tore  tba  lasttei,  aad  are  fiailly  dried  ia  btaa.  Whilsttbo 
barring  of  tbe  s^prup  or  ail  givca  a  dbik  oolour  to  tbe  porous  layen,  it  is  aaad  that 
tbew^iiteoobiuroftbedBaser  atrate  is  also  beigbtened ;  but  thia  is  probably  merely 
tbeeftetofoaatiaaL  If  tbe  daikw  parte  of  tbe  atoaa  aboald  be  too  deept,  tbe  eokfur 
can  be  '  drawn,' or  made  tighter  by  the  action  of  nitric  acid. 
Hw  art  of  agate^xOouraboa  baa  reached  80  advaaoed  a  ante  that  stoaea  caa  aow  ba 


to  afaaastaay  desired  has;  name  of  tbe  rroeaasw  ar^  bowcwr; still  kept  aecret 
^  tbe  poliabera.  In  ISa  ibe  method  of  cobnriw  agate  Ifae  waa  fint  iatrodaeed. 
Ais  is  aow  dfected  ia  varaontt  wuya.    Oae  of  ibe  best  modea  is  to  sabmit  tba 


saooeasivetytotbaactieaofaolatioBsof  yoUowptaniato  of  pob^  (forro^quade  of 

LdiascaasiaKai 


\  aad  of  a  par  aak  of  irea.  Aas  caasi^a  prwiiaiiKi  of  Piuaiisa  blae  to  ba 
dowa  ia  tba  pona  of  tba  atoae.    Or,  red  jiasiiiHii  of  p^^  "" 


gran  vitriol  mi^  be  used;  «r  aa  aMmeaaaoal  salpbate  of  ooffper  aayba  formed,  by 
piaciwgtbeatoaa  iaa  iilatipa  of  blae  vittfol  aad  Aeaia laai  iii  i  Ajiamiabiai  usa 
^      «daoedbyHteateofwfoel,batitisa«wotaiaad)7UM      ~ 
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The  green  stones  are  largely  used  as  artificial  chrysoprase,  and  the  eolonr  is  more 
intense  and  said  to  be  more  durable  than  that  of  the  natural  chrysoprase.  A  yellow 
tint  is  obtained  by  prolonged  digestion  in  -warm  hydrochloric  add,  the  add  acting  on 
the  oxide  of  iron  normally  present  in  the  stone,  and  thns  forming  a  yellow  perchloride. 
One  of  the  commonest  and  at  the  same  time  most  easily  deyelo]^  colours  is  the  red 
tint  of  the  cameUan.  It  -was  long  ago  observed  that  ydlow  and  gtej  chalcedony 
mijg^t  be  caused  to  assmne  a  bright  red  colour  by  mere  exposure  to  sunshine,  the  heat 
bemg  suffident  to  expel  the  -water  more  or  less  completely  ftom  the  hydrated  peroxide 
of  iron  normally  present  in  the  stone.  In  India  it  has  long  been  the  practice  to 
oonrert  yeUowish  chalcedony  into  red  camelian  by  solar  heat  The  Idar  workers 
generally  expose  the  agates  to  the  heat  of  an  oven,  gradually  raised  until  all  hygro- 
scopic water  is  expelled.  The  stones  are  then  moistened  with  sulphuric  add,  and 
raised  to  a  red  heat,  whereby  an  anhydrous  peroxide  of  iron,  of  fine  red  colour,  is 
deyeloped.  Or  a  pemitrate  of  iron  may  be  fonned  by  throwing  a  handM  of  old  nails 
into  haLr-a-]nnt  of  aquafortis  mixed  with  a  pint  of  water,  and  the  stones  baring  been 
soaked  in  this  solution  are  heated  so  as  to  oecompose  the  absorbed  salt,  and  cause  a 
predpitate  of  ferric  oxide  in  the  pores  of  the  agate.  Several  organic  colours  haye 
been  intzoduoed  by  the  agate-worker,  but  they  are  generally  f^tive :  mauve  and 
magenta  agates,  and  other  equally  unnatural  stones,  are  common  in  the  market.  The 
ingenuity  of  the  Idar  workmen  also  enables  them  to  imitate  successfully  the  dendritic 
markinffB  in  mocha-stones. 

Anouer  important  brcmch  of  industry  connected  with  the  agate-trade  is  that  of 
mounting  the  finished  objects.  Though  dignified  by  the  name  of  CMdsckmidde,  the 
mounters  usually  work  in  gilt  tomback ;  some  of  the  better  kinds  of  agate-ware  are 
now,  howerer,  set  in  silver.  Drilling,  engraving,  cameo-cutting,  and  etching  with 
hydrofluoric  add,  are  also  extensively  pta^ised  in  Idar;  and,  in  addition  to  agates, 
large  quantities  of  Oriental  blood-stones  and  other  semi-predous  stones,  and  even 
pastes,  are  largely  cut  and  mounted  in  this  district 

In  1867  th^  were  in  Birkenfeld  and  the  neighb^hood  724  grindstones  working 
in  153  mills.  The  number  of  grinders  and  poliMiers  in  Birkenfeld  was  1,129,  but  in 
addition  to  this  number  about  800  workmen  dwelt  beyond  the  limits  of  the  Prind- 
pality.  There  were  also  about  258  persons  engaged  in  drilling  and  boring  the  agates, 
and  about  700  so-called  goldsmiths.  Induding  those  employed  in  the  sale  of  the 
stones,  in  makii^  I^P®'  cases,  and  otherwise  connected  with  the  trade,  it  may  be 
said  that  upwards  of  8,000  persons  depend  for  their  support  on  the  agate-industry 
in  the  neighbourhood  of  Idar  and  Oberstein. 

[For  fbrther  information  on  the  subject  of  this  Artide  the  reader  may  consult  the 
following  worits I—Billing's  'The  Saence  of  Gems,*  1867,  p.  48  et  sm.;  Klu«e, 
'  Edelsteinkunde,'  1860,  p.  401;  Lange,  *Die  Halbedelstdne  aus  der  Familie  dor 
Quane  nnd  die  Geechichte  der  Achatindustrie,'  1868 ;  Noggerath,  *  Die  Kunst,  Onyxe, 
Cameole,  Chalcedone  u.  andere  verwandte  Steinarten  zu  farben,'  Karsten's  *  Aichiv, 
xxii.'  1848,  p.  262,  and  'Edin.  New  PhiL  Joum.',  xlviii.  1850,  p.  166;  Noggerath, 
'  Ueber  die  Achatmandeln  in  den  Helaphyren,'  Haidinger's  '  Naturwissentschaftliche 
Abhandlungen,'  iii.  I860,  p.  98;  Kenngott,  *Ueber  die  Achatmandeln  in  den 
Melaphyren,  namentlich  uber  die  von  Thesis  in  Tirol,'  Op.  cit.  iv.  1851,  p.  72 ; 
Haidinger's  'Berichte,'  vi.  1850,  p.  62 ;  Bischof,  'Lehrbuch  d.  Ghem.  u.  Phys.  Geologie,* 
ed.  2,  ii.  p.  853 ;  iii.  p.  457, 464, 623  ei  sea. ;  Beusch,  *  Ueber  den  Agat ' ;  Poggendorff^s 
•  Annalen,*  cxxiii.  1864,  p.  94].— F.  W.  R. 

JLUATWL  An  instrument  used  by  gold-wire  drawers,  so  called  from  the  agate 
fixed  in  the  middle  of  it 

AXCS  MSTAZto  An  alloy  patented  in  1860  by  Johann  Aich,  and  recommended 
for  use  in  ship^building  and  sheathing.  In  composition  it  approaches  dose  to  Keir's 
metaL  The  following  are  found  to  be  the  bei^  proportions :  copper,  60  lbs. ;  rinc, 
38  lbs.  2  oes. ;  and  iron,  1  lb.  8  oss.  The  proportion  of  rinc  may,  however,  be 
increased  to  40  per  cent,  and  that  of  iron  may  vary  between  0*5  and  8  per  cent 

All  BMITM.  A  native  sulphide  of  bismuth,  lead,  and  copper,  crystallising  in 
needle-shaped  ci^rstals  belonging  to  the  prismatic  or  orthorhombic  system.  It  is 
found  at  Bersow  in  the  Unds,  and  is  believed  to  occur  in  Georgia  and  North  Carolina 
in  the  XTnited  States. 

AXB.  The  gaseous  envelope  which  surrounds  this  earth  is  emphatically  so  called ; 
it  consists  of  the  gases  nitrogen  and  oxygen. 

About  79  measures  of  nitrogen,  or  asote,  and  21  of  oxygen,  with  yjgth  of  carbonic 
add,  constitute  the  air  we  breathe.  The  term  air  is  applied  to  any  permanently 
gaseous  body.  And  we  express  different  conditions  of  the  air,  as  good  air,  bad  air, 
foul  otTf  &c    See  Atmosphebb. 

AJOUBBIOX.  A  brick  of  the  ordinary  size  and  kind,  but  perforated  so  as  to 
admit  the  passage  of  air  through  the  openings  when  built  into  the  walls. 
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ground,  the  stones  are  polished  with  tripoli  on  a  cylinder  of  hard  wood,  or  on  a  plato 
of  tin  or  lead. 

An  important  branch  of  the  agate  trade  is  that  of  artificially  oolonring  the  stones — 
an  art  which  has  attained  great  perfection  in  recent  times,  but  is  far  from  being  a 
modern  inyention.  Pliny  states  (bk.  xxxvn.  cap.  76)  that  in  Arabia  agates  are 
found  which  are  purified  and  prepared  for  the  cutter  by  being  heated  in  honey  for 
seven  days  and  seven  nights.  Evidently  the  mere  absorption  of  this  saccharine  matter 
into  the  pores  of  the  stones  would  be  insufficient  to  materially  alter  the  appearance  of 
the  agate;  but  if  the  absorbed  honey  conid  have  been  carbonised  by  the  action  of 
sulphuric  acid— as  at  present  practised — the  dark  colour  of  the  brownish  layers 
would  have  been  considerably  heightened,  and  the  stones  improved  for  the  oameo- 
worker.  Believing  that  this  was  really  the  process  described  by  Pliny,  though  he 
was  ignorant  of  the  entire  secret,  some  authorities  have  argued  in  favour  of  Uie  know- 
ledge of  oil  of  vitriol  by  the  ancient  Bomans,  while  others  have  suggested  that  t^e 
native  sulphuric  add  from  volcanic  emanations  was  probably  employed ;  others,  again, 
have  maintained  that  the  honey  was  merely  charred  by  exposure  to  heat»  as  is  said  to 
be  still  practised  in  the  East  Be  that  as  it  may,  it  appears  that  the  secret  of  arti- 
ficially producing  a  black  colour  in  agates  was  for  ages  handed  down^  traditionally 
by  the  Italian  cameo-workers.  From  time  to  time,  It^an  travellers  visited  Idar,  and 
purchased  stones,  whidi  were  taken  to  Eome  and  there  coloured.  At  length  the  secret 
of  this  art  oozed  out  under  peculiar  drcumstancee,  and,  being  once  known  in  Idar, 
rapidly  spread,  and  has  not  only  been  the  means  of  greatiy  developing  the  agate- 
industry,  but  has,  to  a  large  extent*  caused  the  removal  of  the  seat  of  stone-engraving 
tiom  Italy  to  Germany. 

All  artificial  colouration  of  these  hard  stones  depends  for  its  sucoess  on  variations 
in  texture  and  density  presented  by  the  difEarent  layers.  Sections  of  agate  under  the 
microscope  often  exhibit  distinct  pores,  and  Uie  uneaual  texture  of  the  several  layers 
is  well  seen  by  the  action  of  hydrofluoric  add,  whidi  readily  attracts  certain  strata 
while  it  is  remsted  by  others,  thus  producing  an  uneven  sumce,  tram  which  an  im- 
pression of  the  agate  may  be  naturally  printed — a  process  which  has  been  beautifully 
carried  out  by  &.  Leydolt  Not  only  do  the  compcment  layers  of  an  agate  absorb 
liquids  with  different  degrees  of  facihty,  but  the  stones  as  a  whole  exhibit  like  diffe- 
rences ;  some  stones  absorbing  the  colour  rapidly,  others  requiring  months  to  do  so, 
and  others,  again,  entirely  re&sing  to  take  colour.  The  South  American  agates,  as  a 
rule,  lend  themselves  with  peculiar  &cilify  to  this  artificial  colouration,  and  are  much 
more  porous  than  the  true  German  agates. 

Blaick  or  dark  brown  colours  are  those  commonly  developed  in  agates — these  dark 
strata,  when  alternating  with  dense  white  layers,  forming  beautiful  onyxes  well  fitted 
for  cameo-work.  To  produce  the  dark  colour,  the  stones,  having  been  well  washed 
and  dried,  are  placed  in  honey,  thinned  with  water,  and  are  exposed  in  a  warm  place 
for  several  days,  in  some  cases  as  long  as  three  weeks.  The  vessel  containing  them 
is  heated  by  being  pUiced  in  hot  ashes  or  on  a  stove,  but  the  syrup  is  never  tdlowed 
to  boiL  After  having  lain  in  the  warm  honey  for  a  snffldent  time,  depending  on  the 
textine  of  the  stone,  they  are  removed,  weU  washed,  and  jdaoed  in  a  vessel  with 
sufficient  oommerdal  oil  of  vitriol  to  cover  them ;  the  vessel  beina  covered  with  a  shite, 
and  exposed  to  a  moderate  temperature.  The  sulphuric  add  carbonises  the  saccharine 
matter  previously  absorbed  by  the  porous  layers  of  the  agate,  and  produces  a  black 
or  a  deep  brown  colour  aooonung  as  the  action  is  more  or  less  intense.  Olive  oil  is 
used  by  the  Italians  instead  of  honey,  but  the  diemical  reactions  are,  of  course, 
essentially  the  same  in  the  two  cases.  Some  stones  blacken  in  a  few  hours,  others 
require  several  days,  while  bad  stones  never  take  colour.  When  suffidenUy  tinted 
the  stones  are  removed  from  the  add,  washed,  dried,  and  polished ;  theyare  tiien 
genendly  laid  in  oil  to  improve  the  lustre,  and  are  finally  dned  in  bran.  Whilst  the 
charring  of  the  syrup  or  oil  givcfs  a  dark  colour  to  the  porous  layers,  it  is  said  that 
the  white  colour  of  the  denser  strata  is  also  heightened ;  but  this  is  probably  merely 
the  effect  of  contrast  If  the  dai^er  parts  of  the  stone  idiould  be  too  deep,  the  colour 
can  be  *  drawn,'  or  made  lighter  by  the  action  of  ilitric  add. 

The  art  of  agate-colouration  has  reached  so  advanced  a  state  that  stonescan  now  be 
tinted  to  almost  any  desired  hue ;  some  of  the  processes  are,  however,  still  kept  secret 
by  the  polishers.  In  1845  the  method  of  colouring  agate  blue  was  first  introduced. 
TinM  is  now  effected  in  various  ways.  One  (^  the  best  modes  is  to  submit  the  stone 
successively  to  the  action  of  solutions  of  yellow  prossiate  of  potash  (ferrocyanide  of 
potassium),  and  of  a  per-salt  of  iron,  thus  causing  a  predpitate  of  ProiBsian  blue  to  be 
thrown  down  in  the  pores  of  the  stone.  Or,  r^  prussiate  of  potash  and  common 
grcMi  vitriol  may  be  used ;  or  an  ammoniacal  sulphate  of  cop^  may  be  formed,  by 
pladng  the  stone  in  a  solution  of  blue  vitriol  and  then  in  ammonia.  A  grem  oobur  was 
larmerly  produced  by  nitrate  of  nickel,  but  it  is  now  obtained  by  using  chromic  add. 
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The  green  stones  are  largely  used  as  artMdal  chiyBOprase,  and  the  colour  is  more 
intense  and  said  to  be  more  durable  than  that  of  the  natoial  chiysoprase.  A  yellow 
tint  is  obtained  bj  prolonged  digestion  in  irarm  hydrochloric  acid,  the  add  acting  on 
the  oxide  of  iron  normally  present  in  the  stone,  and  thns  forming  a  yellow  perchloride. 
One  of  the  oommonest  and  at  Uio  same  time  most  easily  developed  colours  is  the  red 
tint  of  the  camelian.  It  -was  long  ago  observed  that  yeUow  and  grej  chalcedony 
mig^t  be  caused  to  assume  a  bnght  red  colour  by  mere  exposure  to  sunshine,  the  heat 
being  sufficient  to  expel  the  -water  more  or  less  comi>letoly  firomthehydrated  peroxide 
of  iron  normally  present  in  the  stone.  In  India  it  haa  long  been  the  practice  to 
convert  yeUoiHsh  chalcedony  into  red  camelian  by  solar  heat.  The  Idar  irorkers 
generally  expose  the  agates  to  the  heat  of  an  oven,  gradually  raised  until  all  hygro- 
scoxnc  -water  is  expelled.  The  stones  are  then  moistened  with  sulphuric  add,  and 
raised  to  a  red  heat,  whereby  an  anhydrous  peroxide  of  iron,  of  fine  red  colour,  is 
developed.  Or  a  jpemitrato  of  iron  may  be  formed  by  throwing  a  handM  of  old  nails 
into  half-a-tant  of  aquafortis  mixed  wiUi  a  pint  of  water,  and  the  stones  having  been 
soaked  in  this  solution  are  heated  so  as  to  decompose  the  absorbed  salt,  and  'cause  a 
predpotate  of  ferric  oxide  in  the  pores  of  the  agate.  Several  organic  colours  have 
been  introduced  by  the  agate-worker,  but  they  are  generally  f^tive :  mauve  and 
magenta  agates,  and  other  equally  unnatural  stones,  are  common  in  the  market  The 
ingenuity  of  the  Idar  workmen  also  enables  them  to  imitate  successMly  the  dendritic 
markings  in  mocha-stones. 

Another  important  branch  of  industry  connected  with  the  agate-trade  is  that  of 
mounting  the  finished  objecte.  Though  dignified  by  the  name  of  Qoldechmede,  the 
mounters  usually  work  in  gilt  tomback ;  some  of  the  better  kinds  of  agate-ware  are 
now,  however,  set  in  silver.  Drilling,  engraving,  cameo-cutting,  and^  etching  with 
hydrofluoric  add,  are  also  extensively  pta^ised  in  Idar ;  and,  in  addition  to  agates, 
large  quantities  of  Oriental  blood-stones  and  other  semi-predous  stones,  and  even 
pa^es,  are  largely  cut  and  mounted  in  this  district 

In  1867  there  were  in  Birkenfeld  and  the  neighb^hood  724  grindstones  working 
in  153  mills.  The  number  of  grinders  and  polii£ers  in  Birkenfeld  was  1,129,  but  in 
addition  to  this  number  about  800  workmen  dwelt  beyond  the  limite  of  the  Prind- 
pality.  There  were  also  about  268  persons  engaged  in  drilling  and  boring  the  agates, 
and  about  700  so-called  goldsmiths.  Induding  those  employed  in  the  sale  <^  the 
stones,  in  making  paper  cases,  and  otherwise  connected  with  the  trade,  it  may  be 
said  that  upwar£  of  8,000  persons  depend  for  their  support  on  the  agate-industry 
in  the  ndg^bourhood  ot  Idar  and  Oberstdn. 

[For  fturther  information  on  the  subject  of  this  Artide  the  reader  may  consult  the 
fdlowin^  works  :~Billing*s  *The  Saenoe  of  Gems,'  1867,  p.  48  €t  m(7.;  Eluffe, 
'  Edelsteinkunde,'  1860,  p.  401 ;  Lange,  '  Die  Halbedelstdne  aus  der  Familie  der 
Quarse  und  die  Oeediichte  der  Achatindustrie,'  1868 ;  Noggerath, '  Die  Kunst,  Onyxe, 
Gameole,  Chalcedone  u.  andere  verwandto  Steinarten  zu  farben,'  Karsten's  '  Archiv, 
xxii.*  1848,  p.  262,  and  *Edin.  New  Phil.  Joum.',  xlviii.  1860,  p.  166;  Noggerath, 
*Ueberd]e  Achatmandeln  in  den  Helaphyren,'  Haidinger's  'Naturwissentschaftliche 
Abhandhingen,'  iii.   1860,  p.   93;    ffenngott,    *Ueber  die  Achatmandeln  in  den 

"'     •  —..-...>.       ..   iv.  1851,  p.  72 ; 

.  Phys.  Geologie,* 

^ .^ ^     ^  i ' ;  Poggendorff 's 

•  AnnaleiC'  cxxiii.  1864,  p.'94].— F.  W.  ft ' 

ACMLTB.  An  instrument  used  by  gold-wire  drawers,  so  caUed  from  the  agate 
fixed  in  the  middle  of  it 

AZCS  MSTAZto  An  alloy  patented  in  1860  by  Johann  Aich,  and  recommended 
for  use  in  ship^building  and  sheaUiing.  In  composition  it  approaches  dose  to  Keir's 
metal.  The  following  are  found  to  be  the  best  proportions :  copper,  60  lbs. ;  zinc, 
38  lbs.  2  ocs. ;  and  iron,  1  lb.  8  oss.  The  proportion  of  zinc  may,  however,  be 
increased  to  40  per  cent,  and  that  of  iron  may  vary  between  0*6  and  3  per  cent 

AIM  ■■!'!' Ji.  A  native  sulphide  of  bismuth,  lead,  and  copper,  crystallisiiig  in 
needle-shaped  crystals  belonging  to  the  prismatic  or  orthorhombic  system.  It  is 
found  at  Bersow  in  the  Urals,  aira  is  believed  to  occur  in  Georgia  and  North  Carolina 
in  the  XJnited  States. 

AXR.  The  gaseous  envelope  which  surrounds  this  earth  is  emphatically  so  called ; 
it  condste  of  the  gases  nitrogen  and  oxygen. 

About  79  measures  of  nitrogen,  or  azote,  and  21  of  oxygen,  with  yjgth  of  carbonic 
add,  constitute  the  air  we  breathe.  The  term  air  is  applied  to  any  permanently 
gaseous  body.  And  we  express  different  conditions  of  the  air,  as  good  air,  had  air^ 
foul  atr,  &c    See  Atmosphbbb. 

AIB-BSZOX.  A  brick  of  the  ordinary  size  and  kind,  but  perforated  so  as  to 
admit  the  passage  of  air  through  tJie  openings  when  built  into  the  walls. 
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Foe  tnlpbimo  aekl,  for  example,  the  proportion  would  be  as  follows :— ^  ' 

2  00»  SO* 

44       :       40       ::       10       :       « 

X  «■  9*09  (or  more  correctly,  9*1). 
Appljiog  this  role,  the  weighta  to  be  taken  are  as  follows,  in  reference  to^ 
Dry  snlfhuric  add       «       •       •       •       •      9*1 

„    nitric  add 12*27 

„    hydrochloric  add  .        .       •       •        •      8*29 

„    acetic  (dry)  ..••..    11*59 

OzystalHsed  tartaric  add      .       •       .        .    84*09 

„         dtxic  add 48*64 

Each  of  these  qnantities  of  real  add,  with  25  or  26  grains  of  bicarbonate  of  soda, 
will  ^ve  off  10  grains  of  carbonic  ac^  gas ;  and  hence,  by  adding  a  cypher,  that  is, 
multiplying  by  ten,  whatever  wdght  the  apparatos  loses  denotes  the  pernsentage  of 
add  in  the  sample  nnder  trial,  wiUiout  the  necessity  of  any  arithmetical  reduction. 
Let  ns  suppose,  for  example,  that  the  apparatus,  being  charged  with  9*1  gruns  of  a 
sample  of  sulphuric  add,  is  found,  after  tne  experiment,  to  have  lost  7*5  grains ;  this 
multiplied  by  10—75*0 ;  therefore  the  sample  contained  75  per  cent  of  dry  sulphuric 
add.  If  the  apparatus  had  lost  2*44  grains  thus,  it  would  hare  indicated  24*4  per  cent, 
of  dry  or  anhydrous  add.  Persons  accustomed  to  the  French  metrical  system  may  use 
decigrammes  instead  of  grains,  and  they  will  arrive  at  the  same 
per-centage  results. 

Another  apparatus  for  ascertaining  tiie  weight  of  carbonic 
expelled  for  tae  purposes  of  either  addimetry  or  alkalimetry, 
tM  which  the  operator  himself  may  readily  constructi  is  repre- 
sented in  ^.  11. 

▲  is  a  small  matrass,  with  a  somewhat  wide  mouth,  capable, 
however,  of  bdng  hermetically  dosed  by  a  cork  perforated  with 
two  hdes,  through  one  of  which  a  bulbed  tube,  b,  passes  filled 
with  fingments  ctf  chloride  of  caldum ;  through  the  other  hole  a 
tube,  c,  is  introduced,  sufi^ently  long  to  reach  the  bottom  of  the 
matrass  A. 

A  certain  qnanti^  (say  25  grains)  of  bicarbonate  of  soda, 
greater  than  is  required  for  saturation,  is  then  introduced  into 
the  matrass  a,  and  likewise  enough  water  to  cover  it^  A  small 
glass  test-tube  is  next  charged  with  the  proper  quantity  of  the 
add  to  be  examined,  namelv,  9*1  if  for  sulphuric  add,  12*27  if 
for  nitric  add,  &c.  &c,  as  before  mentioned,  and  it  is  carefully 
introduced  into  the  matrass  ▲,  taking  care  that  the  add  does 
not  come  in  contact  with  the  bicarbonate  of  soda,  which  is 
easily  avdded  by  lowering  the  tube  containing  the  add  into  the 
matrass  with  a  thread,  or  by  carefully  sliding  it  down,  and 
keeping  it  nearly  in  an  upright  position,  leamng  against  the 
sides  oi  the  matzass,  as  shown  by  the  letter  b.  The  matzass 
is  then  to  be  dosed  with  the  cork  provided  with  its  tubes,  as 
above  directed,  and  the  whole  is  accurately  weighed.  This 
done,  the  apparatus  is  gontiy  jerked,  or  tilted,  on  one  side,  so 
as  to  cause  a  portion  of  tiie  ada  in  the  tube  b  to  flow  among  the 
bicarbonate  of  soda  on  which  it  is  resting.  A  disengagement  of 
carbonic  add  gas  immediately  takes  place  from  the  decomposition  of  tiie  carbonate 
of  soda  by  the  add.  When  the  violent  eflfervescence  has  subdded,  a  fresh  quantity 
of  add  is  again  jerked,  or  spilled,  out  of  the  tube,  until  the  whole  of  the  add  is 
emptied,  the  tube  occupying  now  a  horizontal  podtion,  as  represented  by  letter  c 
The  water,  which  is  mechanically  carried  off  by  the  carbonic  add,  is  arrested  by  the 
chloride  of  caldum  of  the  bulbed  tube  b.  When  all  disengagement  of  carbonic  add 
gas  has  ceased,  even  after  shaking  the  apparatus,  the  residuary  gas  is  sucked  up 
through  the  bulbed  tube  b,  while  the  atmospheric  air  enters  at  the  orifice,  d,  of  the 
bent  tube,  e,  to  replace  it  If  the  apparatus  nas  become  warm  during  the  reaction, 
it  should  be  allowed  to  cool  completely,  and  it  is  then  weighed  again  accurately. 
The  difference  between  the  first  and  second  weighing,  the  loss,  represents,  of  course, 
the  wdght  of  the  carbonic  add  gas  expelled,  and  consequentiy  the  per-centage  of 
real  add  contained  in  the  sample. 

Instead  of  the  preceding  arrangement  the  apparatus  contrived  by  Drs.  Fresenius 
and  Will  may  be  used.  The  annexed  figure  at  once  renders  the  construction  of 
that  apparatus  intelligible,  and  as  a  frill  description  of  it  is  given  in  the  artide  on 
AixAjhansi,  tho  zeader  is  accordingly  zefbrzed  toeteto.    When  that  contrivance  is 
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BMd  fat  andjmBtotoal  pmposes,  piooeed  as  follows :— Fill  bottld  ▲  with  OEdinaiy  oil 
of  litriol  to  alxmt  (me-half  of  its  oapadly,  and  pom  into  bottle  b  the  aocniately 
wei^ied  quantity  of  add  to  be  examined,  namely, 
9*1  grains  for  suli^inzic  acid,  12*27  for  nitric  acid, 
&e,  &0.,  aooDiding  to  the  role  and  table  given 
(page  24),  ai^  dilnte  it  with  water,  so  that  bottle 
B  may  be  one-third  falL  Pnt  now  into  a  test- 
tube  a  qoantity  of  bicarbonate  of  soda  snfBeient 
to  satnsate  the  wei^  of  add  contained  in  bottle 
B,  and  suspend  it  into  that  bottle  by  means  of 
a  thread,  luqDt  tijEht  by  the  pressure  of  the  corlc 
Wdg^  now  tne  whole  apparatus  accurately;  this 
done,  cazeAilly  loosen  the  thread,  so  that  the  test- 
tube  charged  with  bicarbonate  of  soda  may  &11 
into  the  Mid,  and  the  cork  being  instantly  ad- 
justed air-ti^t,  the  whole  of  the  carbonic  add 
gas  disengaged  is  led  by  tube  o  into  the  concen- 
trated sulphuric  add  of  bottle  a,  which  absorbs 
all  its  mdstnre  before  it  finally  escapes  through 
the  tube  a.  When  all  efiferreeoenoe  nas  ceased, 
the  operator,  by  applying  his  lips  to  that  tube  a, 
sucks  out  all  toe  residuary  carUmio  add  gas  con- 
tained in  the  apgparatus,  and  replaces  it  by  at- 
mospheric ur,  which  enters  at  d.  The  apparatus, 
if  it  have  become  warm,  should  be  allowed  to  cool  completely,  and  on  weighing  it 
again  the  loss  indicates  the  per-centage  of  real  add  present  in  the  sample. 

The  balance  used  in  these  methods  should,  of  course,  be  suffldently  delicate  to 
indicate  small  wdghts  when  heavily  laden* 

We  shall  terminate  this  article  by  a  descri^on  of  Liebig's  addimetrical  method  of 
determimng  the  amount  of  prussio  add  contained  in  solutions ;  for  example,  in  medi- 
cinal prussic  add,  in  laurel  and  bitter-almond  water,  essence  of  bitter  almonds,  and 
cyamde  of  potassium.  The  process  is  based  upon  the  following  reaction : — ^When  an 
excess  of  caustio  potash  is  poured  into  a  solution  whidi  contains  prussio  add,  cyanide 
of  potassium  is,  m  course,  formed ;  and  if  nitrate  (kT  silver  be  then  poured  into  sudi  a 
liquor,  a  predpitate  of  cyanide  of  silver  is  produced,  but  it  is  immediately  redis- 
sdved  by  shaldng,  because  a  double  cyanide  of  silver  and  of  potasdum  (iig  Cy + 
K  Cy}  is  formed,  which  dissolves,  without  alteration,  in  the  excess  of  potadi  em- 
ployea.  The  addition  of  a  fresh  quantity  of  nitrate  of  silver  produces  again  a 
predpitate  which  agitation  causes  to  disappear  as  before ;  and  this  reaction  goes  on 
until  ha{fih&  amount  of  prussio  add  present  in  the  liquor  has  been  taken  up  to 
produce  cyanide  of  diver,  the  other  Aa{f  being  engaged  with  the  potasdum  in  the 
formation  of  a  double  cyanide  of  diver  and  of  potasdum,  as  just  said.  As  soon, 
however,  as  this  pdnt  is  reached,  any  new  quantity  of  nitrate  of  silver  poured  in  the 
liquor  causes  the  ^Tanide  of  potasdum  to  react  upon  the  silver  of  the  nitxate,  to  pro- 
duce a  perfMment  predptate  of  cyanide  of  silver,  which  indicates  that  the  reaction  is 
complete,  and  that  the  assay  is  terminated.  The  presence  of  chlorides,  &r  from  inter- 
fering, is  desirable,  and  a  certain  quantity  of  common  salt  is  accordingly  added,  the 
reaction  of  chloride  of  silver  being  analogous  to  that  of  the  cyanide  of  the  same  metal. 

To  determine  the  strength  of  prusdc  acid  according  to  the  above  process,  a  test  or 
normal  solution  should  be  first  prepared,  which  is  as  follows : — 

Since  1  equivalent  of  nitxate  of  silver  (b170)  represents,  as  we  have  seen,  2 
equivalents  of  prusdo  aoid  (  "54),  dissolve,  therefore,  170  grains  of  pure  fused  nitrate 
of  silver  in  10,000  water^grains'  measure  of  pure  water ;  1,000  water-grains'  measure 
(1  addimeter  full)  of  sudi  solution  will  therefore  contain  17  grains  of  nitrate  of 
silver,  and  will  therefore  represent  5*4  grains  of  prusdc  add ;  and  consequently  eadx 
addimetrical  division  0-054  grain  of  pure  prusdc  add. 

Aomauunb  a  genns  of  cartilaginous  ganoid  fishes,  to  whidi  the  Sturgeon 
beloi^  and  from  which  isinglass  is  obtained.  The  roe  of  the  sturgeon  yields 
caviaire.  There  are  at  least  eight  spedes ;  four,  however,  appear  to  yield  the  Idnglass 
of  commerce.  The  Beluga  or  la^^e  Sturgeon,  Aeipm$er  Subo,  The  Osseter,  A, 
GmieUtutadHi.  The  Sterlet,  A.  Buthenui,  and  the  Sewraga,  A.  SUUatus,  These 
inhabit  the  Black  and  Caspian  Sea,  and  the  great  rivers  flowing  into  them.  See 
Catiaibb;  IsDfoiAsa. 

JLOOVimrB.    C*  H^'  NO^*  (O^'H^'VOn.    A  poisonous  alkaldd  constituting 
•  the  active  prindple  of  the  Monkshood  (Aeoniium  NapeUtu)  and  other  spedes  of  Aconite. 

jLCOnnnC.    f&c^nror.)    The  Greek  name  for  the  Hemlock.    SeeCoMiuM.. 

Acoinrux  is  mnr  the  name  of  a  genua  of  plants  bebuging  to  the  Bamimoulacea, 
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nearlj  ajl  the  ip^des  being  re^kiarkable  for  their  pcnflonoofl  propefties.  jL  KapMu 
is  the  Monkihood  or  Wolfe-bane,  commonly  caltivated  in  gmene  as  a  showy  flower, 
but  the  leaves  and  root  are  highly  poisonous,  and  death  has  resulted  firam  eating  the 
root  by  mistake  for  horse-radi^  The  Bikh,  Bish,  or  Nabee  poison,  used  b^  the  hill- 
tribes  of  Northern  India  for  poisoning  arrows,  is  obtained  from  A,/erox,  which  is  said 
to  be  a  more  powerful  poison  than  either  of  the  other  species ;  the  quantity  of  the 
poisonous  alkaloid  Aoantiine  depending  on  the  temperature  in  which  the  plant  has 
grown.  The  root  of  the  Aconite  or  Monkshood  haying  been  yeiy  frequently  mistaken 
£)r  the  horse-radish  root,  and  several  deaths  having  been  produced  by  eating  it,  a  few 
of  the  distinctions  between  them  are  given.  The  aconite  root,  as  shown  in  fig.  13, 
is  conical  and  tapering  rapidly  to  a  p(»nt.  The  horse-radish  is  slightly  conical  at  the 
crown,  then  of  almost  the  same  thickness  for  several  inches.  Aconite  is  coloured 
more  or  less  brown,  the  horse-radish  is  externally  white.    The  odour  of  the  aconite  is 

18 


merely  earthy,  that  of  horse-zadish  pungent  and  irritating.  Aconite  root  is  the  most 
yindent  in  the  winter  months  and  early  spring,  when  the  leaves  are  absent 

ACNMUra.  The  fruit  of  the  oak  (Qu^vm).  These  possess  some  of  the  properties 
of  the  bark,  but  in  a  veiy  diluted  degree.  Acorns  are  now  rarely  used.  Pigs  are 
sometimes  fed  upon  them.  The  acom-eups  of  Queroiu  JEgUapB  are  used  in  tanning 
and  dyeing,  and  are  imported  under  the  name  of  Valonia.    See  Valomia* 

JlOQIBJIU  CATillinWk  The  common  sweet  flag.  This  plant  is  a  native  of 
£ngland,  growing  abundantly  in  the  rivers  of  Norfolk,  from  which  county  the 
London  market  is  chiefly  supplied.  The  radix  calami  aromoHca  of  the  shops  occurs 
in  flattened  pieces  about  one  inch  wide  and  four  or  Ave  inches  long.  It  is  employed 
medicinally  as  an  aromatic,  and  it  is  said  to  be  used  by  some  distillers  to  flavour  gin. 
The  essential  oil  (oleum  aeori  oalami)  of  the  sweet  flag  is  used  by  snufi^-makers  for 
scenting  snuS,  and  it  sometimes  enters  as  one  of  the  aromatic  ingredients  of  aromatic 
vinegar.    The  Acorus  belongs  to  the  Jracem  or  arum-order.    See  AiucmjB. 

ACmOSVZBa.  (Ptumule,  Fr. ;  BlaUkeim,  Ger.).  The  sprout  at  the  end  of  seeds 
when  they  begin  to  germinate.  Maltsters  use  the  name  to  express  the  growing  of  the 
barley.     *  The  first  leaves  that  appear  when  com  sprouts.' — lAndley, 

JkCKWlOkMXMM,  or  AXATXiAaizn.  C«  H' N  (C*  B' V).  An  alkaloid 
obtained  by  Hofmann  and  Cahours,  by  boiling  cyanate  of  allyle  with  a  strong  solution 
of  potash.    It  boils  at  about  366''.— C.  G.  W. 

ACXanSM.  (From  &irrly,  a  ray ;  signifying  merely  the  power  of  a  ray,  without 
defining  what  character  of  ray  is  intended.) 

As  eariy  as  1812,  M.  Berard  (in  a  communication  to  the  Academy  of  8eieiiees»  on 
•ome  obsemtioof  made  by  him  of  the  phenomena  of  solar  •ctioft)dxewattaiitioB  to  tho 
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ftet,  that  time  TttycUftiiict  sets  of  phyrical  phenomena  were  ihamfested:  Light,  Heat, 
and  Chemieal  action,  Gfaaptal,  BeithoUet,  and  Blot  reported  on  this  paper  by  M.  Berard ; 
and,  as  ehoving  the  extent  to  which  this  veiy  important  inquiry  had  proceeded  in 
the  hands  of  this  philosopher,  the  following  quotation  is  given  from  their  report : 

'  M.  Bexaid  found  that  the  chemical  intensity  was  greatest  at  the  violet  end  of  the 
spectnim,  and  that  it  extended,  as  Bitter  and  WoUaston  had  observed,  a  little 
beyond  that  extremity.  When  he  left  substances  exposed  for  a  certain  time  to  the 
action  of  each  zay,  he  observed  sensible  effects,  though  with  an  intensity  continually 
decreasing,  in  the  indigo  and  bite  rays.  Hence  we  must  consider  it  as  extremely 
probable,  that  if  he  had  been  able  to  employ  reactions  still  more  sensible,  he  would 
have  observed  analogous  effects,  but  still  more  feeble,  even  in  the  other  rays.  To 
show  deariy  the  great  disproportion  which  exists  in  this  respect  between  the  energies 
of  difi&rent  rays,  M.  Berard  ooncentrated,  by  means  of  a  lens,  all  that  part  of  the 
spectnim  which  extends  from  the  green  to  tie  extreme  violet^  and  ho  concentrated^  by 
another  lens,  all  that  portion  whidi  extends  from  the  green  to  the  extremity  of  the  red 
rag.  This  last  pencil  formed  a  white  point,  so  brilliant  that  the  eyes  were  scarcely 
able  to  endure  it,  yet  the  muriate  of  silver  remained  exposed  more  than  two  hours  to 
this  brilliant  point  of  light,  without  undergoing  any  sensible  alteration.  On  the  other 
hand,  when  exposed  to  the  other  pencil,  which  was  much  less  bright,  and  less  hot,  it 
was  blackened  in  lees  than  six  minutes.  ....  If  we  wish  to  consider  solar  light  as 
composed  of  three  distinct  substances,  one  which  occasions  light,  another  heat^  and  the 
third  chemical  cofMnaHons,  it  will  follow  that  each  (tf  those  substances 
is  separable  b^  the  prism  into  an  infinity  of  different  modifications,  like  15 

lig^t  itself;  sinoe  we  find,  by  experiment,  that  each  of  the  three  pro- 
perties, ehcmieal,  calorific,  and  ccihurifie,  is  spread,  though  unequally, 
over  a  oertain  extent  of  the  spectrum.     Hence  we  must  suppose,  on 
that  hypothesis,  that  there  exists  three  sfeo- 
1^  trums,  one  above  another;  namely,  a  calonfic, 

a  colourific,  and  a  chemical  spectrum.' 

This  was  the  earliest  indication  of  the  pro- 
bable existence  of  a  physical  influence,  in  the 
solar  rays,  distinct  from  light  and  Heat  A 
large  number  of  philosophers  still  hold  to  the 
idea  that  the  chemical  changes  product  by  the 
sunbeam  are  due  to  light,  and  uiis  idea  is  con- 
firmed in  the  public  mind  by  the  universal 
adoption  of  the  term  photography  (light- 
drawings)  to  indicate  the  production  of 
pictures  by  the  agency  of  the  sunbeam.  See 
Photoobafet. 

The  actual  conditions  of  the  sunbeam  will  be 
understood  by  reference  to  the  annexed  wood- 
cut,^. 14,  and  attention  to  the  following  de- 
scription :  a  b  represents  the  prismatic  spectrum 
---as  obtained  b^  the  decomposition  of  white 
light  by  the  pnsm— or  Newtonian  luminous 
spectrum,  consisting  of  certain  bands  of  colour. 
Newton  determined  those  rays  to  be  seven  in 
number;  red,  orange,  yellow,  green,  blue, indigo, 
and  violet;  recent  researches,  bv  Sir  John 
-.  Herschel  and  others,  have  proved  the  existence 

of  two  other  rays;  one,  the  extreme  red  or 
crimson  ray  c,  found  at  the  least  refrangible  end  of  the  spectrum,  the  other  occurring 
at  the  most  frangible  end,  or  beyond  the  violet  rays,  wluch  is  a  lavender  or  grey  ray. 
Beyond  this  point  up  to/.  Professor  Stokes  has  discovered  a  new  set  of  rays,  which  are 
only  brought  into  view  when  the  light  is  received  upon  the  surfaces  of  bodies  which 
possess  the  property  of  altering  the  refrangibility  of  the  rays.  Those  rays  have  been 
called  the  fluoregcent  rags,  from  the  circumstance  that  some  of  the  varieties  c^  Fluor 
Spar  exhibit  this  phenomenon  in  a  remarkable  manner.  (See  Pluobbscbncb.)  The 
coTved  line  l  from  a  toe  indicates  the  friU  extent  of  the  luminous  spectrum,  the  point 
marked  l  showing  the  maximum  of  illuminating  power,  which  exists  in  the  yellow  ray. 
Sit  Wmiam  Herschel  and  Sir  Henry  Enf^lefield  determined,  in  the  first  instance, 
the  maTJiniim  point  for  the  calorific  rays,  and  Sir  John  Herschel  subsequently  confirmed 
their  results,  proving  that  the  greatest  heat  was  found  below  the  red  ray,  and  that  it 
gradually  diminished  in  power  with  the  increase  of  refrangibility  in  the  rays,  ceasing 
entirely  in  the  violet  ray.  Heat  rays  have  been  detected  down  to  the  point  d,  and 
the  oorredliiie  b  indieates  the  extent  of  their  action. 
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!  Now,  if  any  substanoe  capable  of  undorgoing  chemioal  chaiuw  be  ezpoeed  to  thii 
speotnun,  the  zoBult  will  be  found  to  be  such  as  is  repfesented  in  the  aooompanTing 
drawing  fig*  15.  Oyer  the  space  upon  which  the  neatest  amount  of  light  fuls,  i«., 
the  region  of  the  yellow  and  orange  rays  x«  no  diemical  change  is  effected:  by  pro- 
longed action  a  slight  change  is  brought  about  where  the  red  ray  falls,  r,  but  oom 
the  mean  green  ray  ^  up  to  the  point  /,  a  certain  amount  of  chemical  action  is 
maintained ;  the  maTimum  of  action  being  in  the  blue  and  yiolet  rays  a.  Thus  the 
curyed  line  {Jig,  14)  &om  t  to /represents  the  extent  and  degree  of  chemical  power 
as  manifested  in  the  solar  spectrum.  Two  maxima  are  marked  A  ▲,  differing  widely, 
howeyer,  in  their  decree. 

Here,  as  in  tieiarors  eneriments,  we  see  that  where  the  Ught  is  the  strongest,  there 
is  no  chi^r"?c*-l  action,  ana  that  as  the  luminous  power  diminisheB  the  chemical  force 
is  more  decidedly  manifested. 

Again,  we  find  that  if  we  take  a  piece  of  yellow  glass,  stained  with  oxide  of  silyer, 
we  haye  a  medium  which  entirely  preyents  the  permeation  of  the  chemical  rays, 
though  it  obstructs  no  light  But,  if  a  yeiy  dark  blue  glass  is  taken,  we  find  that 
ninety  per  cent  of  the  luminous  rays  are  obstructed,  while  the  chemical  rays  permeate 
it  most  freely.  Numerous  experiments  of  an  analogous  character  appear  to  proye 
that  the  chemical  and  luminous  powers  of  the  sunbee^  are  balanced  against  each  other 
(see  Hunt's  <  Researches  on  Light '),  that  they  are  indeed  antagonistic  prindplos  or 
powers.    That  there  are  three  yery  distinct  sets  of  phenomena,  eyeiy  one  admits. 

LiG^  {Iwnwom  power),  to  whidi  belongs  the  phenomena  of  yision  and  the  produc- 
tion of  colour. 

Hbat  (ealorific  potoer\  the  function  of  which  appears  to  be  the  detemuning  the 
physical  condition  of  aU  matter,  as  regards  its  solid,  fiuid,  or  Mtseons  oondidon. 


AerofisK  (chemioal  jxnoer),  to  which  all  the  phenomena  of  ^oto^phy  are  due,  and 
many  of  the  more  remarkable  changes  obseryea  in  the  yegetable  kingdom. 

AoTiNO-CHBKiSTBT  was  a  term  first  applied  by  1^  John  Herschel,  and  has  been 
gener^y  adopted  to  indicate  the  phenomena  of  chemical  change  by  the  action  of  the 
solar  rays.  Actinism  was  first  proposed  to  express  the  chemical  principle  of  the  sun- 
beam by  the  Editor  of  this  IHctionary  at  the  meeting  of  the  British  Association 
at  York. 

AOmrOCWATCL  A  name  giyen  to  an  instrument  for  recording  the  yariations 
in  the  chemical  (aetinic)  power  of  Uie  solar  beams.    The  name  signifies  r<^  writer^ 

ACTBTOUnnk    A  yariety  of  Hornblende     See  Hobmblemdb. 

AOmrOMfTMB.  (Ray  meaeurer,)  The  name  of  yarious  forms  of  instuments, 
the  objects  of  which  are  to  measure  the  direct  heat  radiations  from  the  sun.  The 
term  has  also  been  applied  to  instruments  employed  to  measure  the  yarying  inten- 
sities of  Light 

ATlftMAMTlMJi  WAB.    An  old  name  for  Corundum.    See  Gobumdttic. 

ATIAIWIiTJb  a  natiye  hydrous  arsenate  of  zinc,  occurring  in  the  silyer-mines  of 
Chaiiarcillo  in  Chili,  and  in  the  Dfy.  du  Yar,  France. 

ABAIwrs  VBBBUlv  A  name  commonly  giyen  to  the  Yucea  ghrioeOt  a  plant 
belonging  to  the  IMiaoem  or  Lily-order,  the  fibres  of  which  haye  been  used  in  the 
manufacture  of  paper. 

ABAV80VIA  SZCMTATA.  The  Baobab  tree,  a  natiye  of  Western  AiHca* 
It  yields  a  fibre  which  has  lately  been  used  in  paper-making. 

ABUXTZOVS.  Such  articles  as  are  added  to  the  fermenting  wash  of  the  di8tilleir» 
were  of  old  distinguished  by  this  triyial  name. 

ABSBSZO V  (giieking  together).  The  union  of  two  snr&ces.  "With  the  pheno- 
mena which  are  dependent  upon  bringing  two  suzfiioes  so  closely  together  that  the 
infiuence  of  eoheeion  is  exerted,  we  haye  not  to  deaL  In  arts  and  manufiMtnres, 
adhesion  is  eflEbcted  by  interposing  between  the  surfiAoes  to  be  united  some  body 
possessing  peculiar  properties,  suca  as  gum,  plaster,  resin,  marine  or  ordinary  g^ue, 
and  yarious  kinds  of  cement  Adhesion  should  be  restricted  to  mean,  sticking  together 
by  means  of  some  interposed  substance;  cohesion,  the  state  of  union  e&cted  by 
natural  attracdon. 

Not  only  is  adhesion  exhibited  in  works  of  art  or  manufSeusture;  we  find  it  yery 
strikingly  displayed  in  nature.  Fragments  of  rocks  which  haye  been  shattered  by  oon- 
yulsion  are  round  to  be  cemented  together  by  silica,  lime,  oxide  of  iron,  and  the 
like ;  and  broken  parts  of  mineral  lodes  are  frequently  reunited  by  the  euthy  minerals. 

JLDTWZC  AOZB.  C"  W  0*.  (0«  K**  0\)  One  of  the  fixed  fatty  adds  pro- 
duced by  the  action  of  nitric  add  on  oldo  acid,  suet  spennaoeti,  and  other  &tty 
bodies.    See  Watts's  <  Dictionary  of  Chemistzy.' 

ABIFOCSUk  From  ad^,  fat ;  oera,  wax.  (Adipooire,  Fr. ;  Fetiwaohs,  Ger.) 
The  &tty  matter  supposed  to  be  generated  in  dead  liodiea  buried  under  peculiar 
drcunstanoes.    It  is  cMefiy  margtmOe  of  amnumia.   In  1789  and  1787i  wuen  tho 
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Amdiyiad  of  tbe  Lmocenis,  at  Faxifl,  was  cleaned  oiit>  and  the  bonee  transported  to 
the  Catacombs,  it  ma  discotrered  that  not  a  few  of  the  eadavrea  were  conyerted  into  a 
saponaeeoos  white  anbstance,  more  especially  many  of  thoee  wMch  had  been  interred 
for  fifteen  yeazs  in  one  pit,  to  the  amount  of  1,500,  in  coffins  closely  packed  together. 
These  bodies  were  flattened  in  oonsequence  of  their  mntoal  iireesnre ;  and  thongh 
they  generally  retained  their  shape,  there  was  deposited  round  the  bones  of  several 
of  than  a  grcmsh  white,  somewhat  soft,  flexible  substanoe.  Fonrcroy  presented  to  the 
Academy  of  Scienoes,  in  1789,  a  munoir  which  appeared  to  prove  that  the  &tty  body 
was  an  ammoniacal  soap  containing  phosphate  of  lime ;  that  the  fSat  was  similar  to 
spezmaceti,  as  it  assumed,  on  slow  cooling,  a  foliated  crystalline  structure ;  as  also  to 
wax,  as,  -^en  rapidly  cooled,  it  became  granular ;  hence  he  called  it  adi^pocire.  Its 
melting  point  was  52-5''  C.  (126*5^  P.) 

.  This  substance  was  again  examined  by  Ohevreul,  in  1812,  and  was  found  by  hjm 
to  contain  mar^aric  add,  oleic  add,  combined  with  a  yellow  colouring  odorous  matter, 
besides  ammonia,  a  little  lime,  potash,  oxide  of  iron,  salts  of  lactic  add,  an  azotised 
substance ;  and  was  therefore  considered  as  a  combination  of  margaric  and  oldc 
adds,  in  variable  proportions.  These  fat  acids  are  obviously  generated  by  the 
reaction  of  the  ammonia  upon  the  margarine  and  oleine,  though  they  eventually  lose 
the  greater  ^art  of  that  volatile  alkali.  It  is  sometimes  confounded  with  chlorestine. 
Sog  bntter  is  said  to  be  a  similar  substance.    See  Fat  and  Fattt  Bodibs. 

AUVOSa  SraSTAVCa  or  ABIVOSa  TZSSUa.  (Timt  graUseux,  Er.) 
An  animal  dl,  resembling  in  its  essential  properties  the  vegetable  dls.  During  life, 
it  appears  to  exist  in  a  fluid  or  semi-fluid  state;  .but,  in  the  dead  animal,  it  is 
£req[aently  found  in  a  sblid  form,  constituting  tuet^  which,  when  divested  of  the  mem- 
brane in  which  it  is  contained,  is  called  taUaw,    See  Taixow,  Oils,  &c 

AXIZT  or  ABZT  IdnTBA.  The  horizontal  entrance  to  a  mine ;  a  passage  or 
level  driven  into  the  hill-dde.  The  accompanying  section  gives,  for  the  purpose  of 
distinctness,  an  exaggerated  sec- 
tion of  a  iKUiion  of  the  subter- 
ranean workings  of  a  metalliferous 
mine.  It  shcmld  be  understood 
that  d  zepresento  a  mineral-lode, 
upon  wbich  the  ahcfft,  a,  has  been 
sunk.  At  a  certain  dn)th  from 
the  surface  of  the  hill  the  miners 
would  be  inconvenienced  by  water, 
consequently  a  level  is  drwen  in 
from  the  doe  of  the  hill,  h,  through 

whidi  the  water  flows  ofl^  and        a^lV  >v^  Srr^S?^  .JF^ 
through  which  also  the  miner  can  x<S-c3?^^?=<0<S^5i^^ 
bring  out  the  broken  rock,  or  any  >-^^''^lF^ 

ores  which  he  may  obtain.  Froceeding  still  deeper,  suppodng  the  workings  to  have 
commenoed,  as  is  commonly  the  case,  at  a  certain  elevation  above  the  sea-level,  similar 
conditions  to  those  described  again  aridng,  another  level  is  driven  so  as  to  intersect 
the  shaft  or  shafts,  as  shown  at  c.  In  this  case,  h  would  be  called  the  shallow,  and 
e  the  deq^  adit  The  economy  <^  such  works  as  these  is  great,  saving  the  cost  of 
expensive  pumping  machinery,  and  also  of  considerable  labour  in  the  removal  of  ores 
or  other  matter  firom  the  mine. 

The  great  Gwennap  Adit,  in  Cornwall,  with  ito  branches,  was  cut  Uirough  the  solid 
rock  for  nearly  80  miles ;  through  it,  numerous  mines  are  drained  to  a  certain  depth, 
and  the  water  pumped  from  greater  depths  discharged.  The  Kentforce  Level,  or 
Adit,  in  Alston  Moor,  has  been  wrought  under  the  course  of  ^  the  Biver  Kent,  and  it 
extends  about  8^  miles  into  that  important  mining  district,  servmg  to  drain  a 
considerable  numoer  of  the  Nenthead  mines.  Many  of  the  mines  in  Cumberland 
and  in  Derbyshire  are  worked  by  the  Adit  called  a  JDw-levd  only;  the  adit,  as  at  c, 
being  carried  into  the  hill  until  it  reaches  the  lode.  ThiB  ore  is  obtained  by  working 
up  into  tiie  bill.  It  falls  into  the  level,  and  is  carried  out  in  tram-wagons.  See 
Mmmck 

AinJ&AXZAa    A  varie^  of  orthodase.    SeeFaLSPAS. 

JLDmrwaLAmOMu  The  practice  of  debasing  any  product  of  manufjACture  by 
the  introdoctdon  of  cheap  and  often  injurious  materials.  The  extent  to  which  the 
adulteration  of  almost  every  useful  artide  is  carried,  is  at  once  a  disgrace  to  the 
community,  and  a  stending  reflection  on  an  age  and  country  which  boasto  of 
moral  chaActer  and  ite  devotion  to  Christianity. 

■.    A  cutting  instrument;  differing  from  the  axe  by  the  edge  being  placed 

at  nearly  right  angles  to  the  handle,  and  being  slightly  curved  up  or  inflected  towurds  it. 
The  instrument  is  held  in  both  hands,  whilst  the  operator  stands  upon  his  work  in  a 
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■toopiiig  positaon ;  tho  handle  being  from  twenbr-foor  to  Unity  inchee  long,  and  the' 
wei^t  of  the  blade  from  two  to  four  pounds.  The  adze  is  swung  in  a  circular  path 
•almofit  of  the  same  curyatore  as  the  blade,  the  shoulder  joint  being  the  centre  of 
motion,  and  the  entire  arm  and  tool  forming,  as  it  were,  one  inflexible  radius ;  the 
tool,  therefore,  makes  a  succession  of  small  arcs,  and  in  each  blow  the  arm  of  the 
workman  is  brought  in  contact  with  the  thigh,  which  senres  as  a  stop  to  prerent 
accident.  In  coarse  preparatorj  works,  the  workman  directs  his  adze  through  the 
space  between  his  two  feet ;  he  thus  surprises  us  by  the  quantitj  of  wood  removed ; 
in  fine  works  he  frequently  places  his  toes  oyer  the  spot  to  be  wioug^t>  and  the  adze 
penetrates  two  or  three  inches  beneath  the  sole  of  the  shoe ;  and  he  thus  surprises  us 
by  the  apparent  danger,  yet  perfect  woridng  of  the  instrument^  which,  in  the  hands 
of  a  shipwright  in  particular,  almost  riTals  the  joiner's  plane ;  it  is  with  him  the 
neari^  uniTnnal  panng  instrument,  and  is  used  upon  worn  in  all  positions.— i7o^ 

■W^TAlf  SABV.  A  musical  instrument ;  the  invention  of  Eireher ;  although 
it  was  probably  indicated  by  Hero  of  Alexandria.  The  musical  sounds  are  ixroduoBd 
hj  the  action  of  a  current  of  air  upon  strings  placed  above  a  long  box  of  thin  deaL 
^e  wires  of  the  electric  telegraph  on  the  sides  of  our  railroads  are  frequently  set  in 
such  a  state  of  vibration  by  uie  wind,  that  they  become  gigantic  .Solian  harps. 

AS&ATBD  VlFATEM,  The  common  commercial  name  of  water  axtiflcially 
impregnated  with  carbonic  add  or  oxygen. 

ABSO&mUL  Meteoric  stones.  It  has  long  been  well  established  that  masses 
of  solid  matter  have  fSedlen  from  the  atmosphere  upon  this  earUi.  Various  hypotheses 
have  been  proposed  to  account  for  them;  amongst  others 'the  following  may  be 
named: — 

1.  That  they  are  agppregations  of  solid  matter  which  take  place  in  the  higher 
regions  of  the  air.  It  is  Imown,  however,  that  our  atmosphere  does  not  contain  the 
chemical  elements  of  meteorites;  and,  moreover,  the  large  size  of  many  of  these 
meteoric  masses — some  weighing  several  tons  each — renders  it  extremelr  improbable 
that  thoy  should  be  formed  by  condensation  or  aggregation  in  a  highly  attenuated 
atmosphere. 

2.  That  they  are  projected  from  volcanoes  in  the  moon.  The  researches  of 
Nasmvth,  Smyth,  and  others  appear  to  show  that  our  satellite,  whatever  may  have 
been  her  condition  at  one  peri<M,  is  now  in  a  state  of  comparative,  if  not  of  perfect, 
repose.  Some  astronomers  think  they  have  observed  changes  in  some  parts  of  the 
moon*s  surfiEice,  but  there  are  no  indications  sufficientiy  clear  to  warrant  uie  assump- 
tion of  there  being  any  volcanoes  in  a  state  of  activity. 

3.  That  belts  composed  of  fragments  of  matter  circulate  in  certain  fixed  orbits 
around  the  sun,  and  that  these  fragments,  sometimes  enterins  our  atmosphere,  are 
involved  in  the  earth's  influences,  and  fall  in  obedience  to  the  law  of  gravitation. 
Ihe  flights  of  <  shooting  stars '  which  are  observed  at  particular  periods  appear  to 
favour  this  view. 

It  has  not  been  proved,  however,  that  meteorites  move  in  circumsolar  orbits ;  and 
indeed  evidence  may  be  adduced  tending  to  show  that  they  have  probably  come  from 
regions  of  space  beyond  the  limits  of  the  solar  system. 

It  is  usual  to  distinguish  between  aerolites,  or  meteoric  stones,  and  siderites,  or 
masses  of  meteoric  iron ;  but  the  two  classes  pas^  into  each  other  through  certain 
meteorites,  termed  sideroUtes,  which  are  partly  metallic  and  partiy  stony.  An 
aerolite,  or  meteoric  stone,  is  composed  of  a  number  of  crystalline  minerals,  usually 
loosely  ag^re^ted,  and  presenting  a  peculiar  spherular  structure.  The  surface  of 
the  stone  is  invariably  coated  with  an  incrustation,  in  most  cases  lustrous  and  of  a 
black  colour.  This  crust  seems  to  be  the  result  of  superficial  ftision  consequent  upon 
tile  great  development  of  heat  due  to  the  resiBtance  wldch  the  stone  suddenly  encoun- 
ters on  entering  the  earth's  atmosphere. 

Among  the  minerals  found  in  aerolites  may  be  noticed — olivine  and  augite  (two 
silicates  of  magnesia]},  several  alloys  of  iron  and  nidLel,  troilite  (sulphide  of  iron), 
schreibersite  (phosphide  of  iron  and  nickel),  graphite,  and  certain  hydrocarbons 
similar  to  what  are  commonly  regarded  as  organic  compounds.  Ihe  following  average 
per-centage  composition  of  an  aerolite  has  been  calculated,  by  Reichenbach,  from  a 
very  large  number  of  trustworthy  analyses :  silica,  40 ;  iron,  25 ;  magnesia,  20 ; 
alumina,  3 ;  sulphur,  3 ;  nickel,  1*5 ;  lime,  1*5 ;  chromium,  0*5 ;  manganese,  0*38 ; 
sodium,  0*88 ;  otner  elements,  1*84 ;  oxygen,  hprdrogen,  and  loss,  5*5. 

Some  interesting  experiments  on  the  artificial  formation  of  meteorites  have  been 
carried  out,  within  the  last  few  years,  by  M.  Daubr^  This  chemist  has  been 
sucoessfol  in  producing,  on  a  small  scale,  certain  products  strongly  resembling 
meteorites,  both  in  structure  and  composition.  The  artificial  aerolites  were  produced 
by  ftunng  a  rook  called  Lheraolite,  the  fusion  being  effected  either  alone  or  in  the 
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insence  of  certun  leduciiig  a^nts.    Other  experiments  have  been  made  by  heating 
iron,  silicon,  and  magnesium,  in  an  imperfectly  oxidising. atmosphere. 

It  is  perhaps  nnnecessaiy  in  this  place  to  do  moie  than  refer  to  Dr.  Mayer's 
theozy,  which  seeks  to  explain  the  source  of  solar  heat  by  the  impact  of  meteorites 
{filing  into  the  mass  of  the  sun — a  subject  on  which  Mr.  Wateorston  and  Sir  W. 
Thomson  have  also  written.  It  has  even  been  suggested  that  the  zodiacal  li^hb  may 
be  a  huninous  crowd  of  meteoric  s^nes  showered  down  upon  the  son.  This  hypo- 
thesis has  not,  however,  received  the  support  it  daimod,  and  the  whole  question 
zemains  in  a  state  of  oonsiderable  nnoortainty. 

AXKOSTATXOV  %  AMMOVAJITtOB.  The  ascent  into  the  atmosphere  by 
means  of  balloons,  which  are  either  filled  with  hot  air— Fma-BiixooNS,  or  a  light 
gas — ^AiB-Biucxooira 

The  Montgolfier  balloon  is  a  bag  filled  with  air,  which  is  rarefied  by  the  action  of 
fire,  which  is  kept  burning  under  3ie  mouth  of  the  bag ;  and  thus  the  whole  mass  is 
rendered  specifically  lifter  than  the  surrounding  medium. 

The  inrestigations  of  Cavendish  led  to  tho  use  of  hydrogen  gas — the  lightest  of 
known  bodies — to  inflate  silken  bags ;  and  since  his  time  our  balloons  have  been  inflated 
with  either  pure  hydrogen,  or  with  ccmimon  coal  gas — carburetted  hydro^n. 

Notwithstanding  the  numerous  attempts  whic^  have  been  made  to  navigate  the  air, 
nothing  has  yet  been  done  to  enable  Uie  aeronaut  to  steer  his  balloon.  In  whatever 
cozrent  of  air  he  may  be,  with  that  current  he  moves ;  and,  until  this  difficulty  is 
overcome,  we  cannot  expect  any  satisfactory  results  from  aeronautics.  The  great  use 
of  balloons  during  the  siege  of  Paris  led  to  considerable  improvements  in  Uie  art  of 
aerostation.  They  were  largely  employed  during  the  siege  of  Paris  in  enabling  the 
besieged  to  communicate  outside  the  city.  *  A  balloon-post  {Poste  (Urienne)  was  thus 
established,  and  no  fewer  than  54  ascents  were  made  between  October  1870  and 
January  1871.  M.  Dupuy  de  L6me  has  constructed  balloons  characterized  by  re- 
markable stability  of  the  car,  and  furnished  with  screws  and  rudder,  whereby  the 
speed  and  direction  of  t)ie  balloon  are  brought^  to  a  certaii^extent,  under  the  control 
of  the  aeronaut ;  nevert^heless,  thp  great  problem  of  aerostation  yet  remains  unsolved. 
Some  interesting  and  usefiQ  experiments  have  been  made  by  using  captive  balloons, 
by  which  we  have  arrived  at  some  facts  connected  with  the  upper  regions  of  the  air, 
which  oould  not  be  obtained  by  any  other  means.  By  means  of  balloons,  valuable 
meteorological  observations  have  been  made  at  great  altitudes  in  the  atmosphere  by 
Kr.  Glaiuer  and  other  scientific  aeronauts. 

JBKUUOm  {Verdigris,  Acetate  and  carbonate  of  comter.)  The  name  formerly  given  to 
the  bright  green  rust^  produced  by  the  oxygen  of  the  air  and  carbonic  acid,  upon  copper, 
eaid  its  alloys,  bronze  and  brass.  The  Eomans  gave  this  name ;  thev  considered 
that  the  cert^o  added  much  to  the  beauty  of  their  statues ;  and  adjusted  the  compo- 
sition of  their  alloys  with  the  view  of  producing  the  finest  green  colour.  This  was 
frequently  efieoted  artificially;  and  to  distinguish  the  real  from  the  artificial  thepr 
used  for  the  former  the  term  arugo  nobilis.  This  is  the  patina  of  the  Italians ;  it 
)0  a  form  of  verdigris.    See  Vehdiobis  ;  Coffbb,  Agetatb  and  Cabbonatb. 

JWHJBBa    See  IQibbb. 

JBTBXOV8  MZnSA&.  The  black  sulphide  of  mercury  prepared  by  rubbing 
mercuiT  and  sulf^ur  together.  The  term  JEthiops  was  applied  by  the  old  pharma- 
eeutical  chemists  to  several  mineral  preparations  of  a  black  or  dark  colour. 

iBrBiops  Aivm 027IAUS  was  a  sulphide  of  antimony  and  mercury. 

^THiOFS  Mabtiaus.    Black  oxide  of  iron. 

.£thiof8  Kabcoticds.    Sulphide  of  mercury  obtained  by  predptation. 

jGthiofs  fbb  SB.  The  grey  powder  obtained  by  exposing  impure  mercury  to  the 
air. 

AVrariTT.  The  term  used  by  chemists  to  denote  the  peculiar  attractive  force 
which  produces  the  combination  of  dissimilar  substances — as  an  add  with  an  alkali, 
or  of  solphur  with  a  metaL    See  Cbbmical  ArFmrnr. 

ACTTCSAW  WUKW%  A  fibre  prepared  from  the  leaves  of  Saneevieria  Zeylaniea^ 
a  member  of  the  lily  order  extensively  distributed  through  tropical  Africa  and 

ATftlOAV  TSAS*  A  valuable  wood  fbr  ship-bj^lding,  the  produce  of  Old' 
fiddia  AJrieana,  Bth.,  a  tree  belonging  to  the  spurge  order.  ^Hiis  wood  is  to  be  care« 
fblly  distinguished  from  the  true  teak.    See  Teax. 

AdATiMftTOXlXa,  The  '  Figure-stone/  or  Pagodite,  of  China ;  a  soft  mineral 
in  which  carvings  are  commonly  executed  by  the  Chinese.  Under  the  common  name 
of  agalmatolite,  are  induded  several  minerals  similar  in  physical  characters,  but 
essentially  distinct  in  chemical  composition.  The  true  agalmatolite  is  a  hydrous 
silicate  of  alumina  and  potash,  dosely  allied  to  finite.  Professor  Brush  has  shown 
that  certain  specimens  of  so-called  n^almatohte  are  really  a  compact  form  of 


Digitized  by  VjOOQIC 


82  AGATE 

p^plijllite  (hjdiouB  silicate  of  alumina),  whilBt  others  aie  silicates  of  magnesia^ 
either  hydrottB  or  anhjdxoQS. 

AOAX-AaAB>  A  seaweed  forming  a  large  article  of  commerce  in  the  East. 
It  is  frequently  called  Bengal  Isinglass,  £om  the  fact  of  its  b^ng  found  largely  in 
the  Ben^  nuoket  It  is  used  for  making  jellies  and  for  sti£femng  purposes.  See 
Aloa 

AUMMIOUU^  A  genus  of  the  class  Fongi,  so  numerous  that  4,000  species 
have  been  enumerated.  The  mushrooms  are  of  this  order.  The  Jgarieui  cam^ 
pestris  is  the  one  commonly  used  in  this  oountiy  as  food,  and  from  which  the 
sauce  called  ketchup  is  made.  In  Italy  this  species  is  considered  poisonous,  while 
many  species  used  tnere  and  in  France  are  unused  here.  The  truffle  is  a  mushroom, 
Tuber  ciharium,  and  its  commercial  yalue  is  so  great  that  in  Bome  the  yearly  average 
of  taxed  mushrooms  from  1887  to  1847  was  be^reen  60,000  and  80,000  lbs.  weight. 
The  Affarious  muscaria  is  a  poisonous  species,  though  used  by  the  natires  of 
Kamtsdiatka  and  Korea  to  produce  intoxication ;  the  Bussian  name  is  monchomore, 
and  an  infhsion  of  this  talcen  with  some  liquor  produces  raving  delirium  and  not 
unfre^ently  a  desire  to  commit  suicide  or  assassination.  Another  variety  is 
beautifuUv  phosphorescent  The  Agarid  grow  in  decaying  animal  or  vegetable 
matter ;  they  are  cellular  plants,  with  a  rounded  tkaUus  on  a  stalk ;  the  spores  or 
seeds  occur  underneath  the  cup  in  the  gitts  or  Momentum,  Their  growth  is  remarkably 
ra^nd,  and  there  is  often  great  difficulty  in  custingnishing  between  the  edible  and 
poisonous  varieties. 

All  the  fongi  of  this  genus  contain  a  larger  amount  of  nitrogen  than  either  peas  or 
beans.  The  following  are  a  few  of  the  analyses  given  m  Watts's  *  Chemical 
Dictionary:' 

Kitvogen* 

Agaricns  delidoBus  .       4*68. 

„        arvensis  7*20. 

V        muscarius  6*84. 

loroqperdon  echinatom  •       •       6*16* 

Upon  this  depends  their  nutritive  properties. 


(Affote,  Fr. ;  Achat,  Ger.)  The  term  Agate  is  not  empl<^red  to  denote  any 
distinct  mineral  of  uniform  composition,  but  is  allied  rather  to  certain  mixtores  of 
siliceous  minerals,  consiBting  of  different  varieties  of  chalcedony  usually  associated 
with  jasper,  quarts,  amethyi^  and  other  natural  forms  of  silica.  The  a^te  is  the 
&xaTi79  of  the  Greeks,  by  whom  it  was  so  called  after  the  river  in  Sicily  of  that 
name  (now  the  Drillo),  whence,  according  to  Theophrastus,  agates  were  first  procured. 
Bochart,  with  much  probability,  deduces  the  name  txm  the  Punic  and  Hebrew, 
naked,  spotted. 

In  some  agates,  as  in  certain  varieties  from  Saxony  and  Bohemia,  the  chalcedony 
and  other  component  minerals  have  been  deposited  in  fissures,  thus  forming  true 
veins ;  but  in  by  far  the  g^ter  number  of  cases  the  materials  of  the  agate  have  been 
formed,  layer  after  layer,  in  the  cavitiee  of  a  vesicular  rock.  When  the  formation  of 
the  agate  has  proceeded  with  regularity,  a  transverse  section  of  the  stone  exhibits  a 
number  of  concentric  lines  representing  the  edges  of  the  successive  deposits — ^these 
deposits  diffbrin^  one  from  another  in  <»lour,  density,  and  other  physical  characters, 
and  thus  producing  the  variegated  patterns  exhibited  by  most  agates.  As  the  com- 
ponent minerals  are  formed  in  regular  sequence,  the  successive  layers  being  deposited 
Jrom  wUhoKt  inwards,  it  follows  that  the  innermost  portion  of  an  agate  must  always 
be  the  most  recent 

Agates  are  usuallv  found  either  embedded  in  a  rock  called  mdaphyre,  or  in  the  form 
of  free  nodules,  liberated  by  decomposition  of  the  matrix.  Although  the  term 
melaph;jrre  has  been  somewhat  loosely  applied,  it  is  now  generally  used  to  designate  a 
fine-grained  eruptive  rock,  composed  mainly  of  a  felspar— either  oligodase  or  labrado- 
rite— and  ausite,  with  more  or  less  magnetic  iron-ore :  it  is  chioflpr  associated  with 
stratified  ro<^  of  palsBosoic  age.  When  f^h,  the  melaphyre,  as  its  name  implies, 
(lUXas,  black)  is  usually  of  a  black  or  very  dark  colour,  but  on  weathering  it  often 
becomes  green  or  brown ;  it  i^  the  altered  varieties  of  melaphyre  that  most  commonly 
contain  agates.  Some  varieties  are  porphyritic,  and  were  formerly  called  amgUw 
porj^yry, 

UnwuliDg  to  admit  the  igneous  ori|pn  of  the  agate-bearing  melaphyres,  some, 
authorities,  as  Bischof,  have  maintamed  that  the  cavities  now  occupied  by 
siliceous  minerals  have  been  formed  by  the  removal  of  crystals  in  the  porphyritic 
rock — ^these  cavities  having  been  enlarged  and  their  angles  rounded  off  by  subsequent 
solution.  Although  such  an  explanation  may  be  admissible  in  certain  cases,  it  seems 
much  more  probable  that  in  by  &r  the  larger  number  of  rocks  the  cavities  were 
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originall J  fozmed  by  the  dlBengagement  of  gas  or  steam  at  a  time  when  the  melaphyre 
vas  in  a  molten  or  partially  molten  state.  The  formation  ai  such  yeeides  in  a  plastic 
mass  maT  be  well  illnstrated  b^  the  spongy  textuie  of  a  loaf  of  bread  Originally  the 
form  a£  the  bubbles  in  the  yiaad  rock  would  be  more  oe  less  elobular,  but  by  move- 
ment of  the  pasty  mass  the  hoUows  might  become  elongated,  or,  as  often  happens, 
pointed  at  one  extremity ;  if  the  mass  were  slowly  moving  upwards  the  point  would 
be  directed  downwards.  In  many  cases  the  cavities  have  been  much  extended  and 
laterally  compressed ;  and  hence  the  agates  now  occupying  such  hollows  are  elongated, 
flattened  and  pointed,  thus  resembling  almonds,  and  Uie  rock  containing  them  is  con« 
sequently  terxned  amygduUndtd  melaphyre.  Evidence  of  the  movement  of  the  viscous 
rodc-mass  is  further  aflRjirded  by  the  parallelism  often  observable  in  the  amygdaloidal 
agates  as  they  lie  in  the  rock — the  longer  axes  of  these  agates  being  all  arranged  in 
one  direction.  The  smaller  abates  are  often  perfectly  amygdaloidal,  but  the  larger 
specimens  are  usually  distorted.  It  is  likely  that  the  cavities  of  the  large  amygdakads 
JDhj  have  been  produced  by  the  coalescence  of  several  smaller  vesicles. 

On  the  cooling  of  the  igneous  mass,  water  charged  with  carbonic  add  would 
percolate  through  the  rock,  and  efifect  the  decomposition  of  some  of  the  mineral  con- 
stituents— ^the  chemical  changes  being  perhap  aided  by  the  heat  still  lingering  in  the 
rodL  The  products  of  this  doconi^xmtion  might  be  carried  into  the  vesicnilar  cavities, 
and  thrown  down  as  a  lining  on  their  inner  walls.  Amouff  the  first  formed  of  such 
products  are  the  minerals  called  dsleuUe,  or  ferruginous  dilorite,  and  the  somewhat 
similar  substance  termed  *ffree»  earth;*  many  vesicular  cavities  exhibit  nothing  more 
than  a  layer  of  such  g^n  minerals,  derived  probably  from  the  decomposition  of  the 
augite  in  the  rock,  whilst  most  agates— especially  the  smaller  ones — ^when  f^eed  trom 
thmi  matrix  present  a  green  external  coating  of  a  like  nature.  In  other  cases  a 
hydrous  peroxide  of  iron  appears  to  have  been  formed,  perhaps  by  further  alteration 
of  the  green  earth ;  and  hence  many  large  agates  present  a  rusty  exterior  or  exhibit  a 
pitted  surfBkce  due  to  the  former  presence  of  a  coatmg  of  this  mineral  The  smaller 
cavities  in  amygdaloidal  rocks  are  commonly  filled  with  carbonate  of  lime,  and  the 
solid  nodules  removed  from  such  rocks  consequently  appear  as  small  green-coated 
masses  of  oaldte.  But  in  most  cases  silica  has  been  separated  from  the  silicates 
deocmiposed  in  the  rock,  and  has  been  thrown  down  in  a  gelatinous  state  on  the  walls 
of  the  cavity  as  a  coating  of  chalcedony.  This  coating  may  be  nothing  more  than  a 
thin  rind,  taus  farming  a  hollow  agate  or  ffeode.  It  generaUy  happens  that  crystalline 
silica  is  deposited  on  the  inner  sui&ce  of  the  chalcedonic  layer,  which  thus  bears  a 
crop  of  crystals  of  quarts— the  free  pdnted  ends  of  these  crystals  being  all  directed 
towards  the  centre  of  the  geode.  Une  amethysts  are  often  found  seated  in  such 
situations.  In  other  cases  the  cavity  may  contain  stalactitio  deposits  of  chalcedony, 
or  crystals  of  calcite,  or  of  various  hydiated  silicates  called  zioliiet,  and  rarely  of 
certain  metallic  minerals — as  iron-glance,  copper-pyrites,  native  copper,  &c. 

By  continued  deposition  of  cha&edony,  or  of  alternate  layers  <n  dialoedony  and 
crystalline  quarts,  tae  cavity  may  become  completdy  filled,  and  a  solid  agate  thus 
formed. 

Many  agates  exhibit,  on  section,  tubular  orifices,  which  are  commonly  supposed  to 
have  served  as  inlets  through  which  the  agate-forming  materials  have  been  introduced 
by  infiltration.  In  some  specimens  these  inlets  have  become  choked  up  at  an  early 
period  in  the  history  of  the  stone,  and  the  introduction  of  fresh  matter  was  thus 
prevented ;  in  other  cases  the  tubes  have  remained  open  until  the  cavity  was  oom- 
pletelj  filled,  and  connexion  has  thus  been  maintained  between  the  very  heart  of 
the  agate  and  the  exterior.  This  *  infiltration  theory '  has  been  staunchly  suppoited 
by  Von  Buch  and  Noggerath.  On  the  other  hand,  Haidinger  supposed  that  the  silica, 
instead  of  bein^  introduced  through  special  apertures,  exuded  through  the  general 
walls  of  the  cavity.  After  a  lining  had  been  laid  down  uniformly  over  the  interior, 
more  silica  in  solution  might  pass  from  the  exterior  through  this  layer  bv  a  kind  of 
osmosis,  and  thus  gain  access  to  the  interior.  But  in  describing  the  moaem  method 
of  colouring  agates,  it  will  be  shown  that  certain  layers  of  chalcedony  are  quite 
impermeable  to  fiuids,  at  least  under  ordinary  oondidons  of  temperature  and  pressure. 
As  soon,  then,  as  a  dense  impervious  laver  was  deposited,  it  would  seem  at  first  sight 
that  all  action  must  cease ;  but  it  has  been  suggested  that  siliceous  solutions  might 
still  find  their  way  to  the  interior  through  the  cracks  with  which  agates  are  almost 
invariably  rent. 

A  different  theory  of  a^te  formation  has  been  advanced  by  Beusch.  He  supposes 
that  warm  siliceous  sdutions  were  from  time  to  time  introduced  into  the  cavities  by 
the  action  of  intermittent  thermal  springs,  the  cavities  being  thus  alternately  filled 
and  emptied.  The  intermission  c/t  Uie  action  may  account  for  the  definite  succession 
of  the  deposits,  and  the  sharp  lines  of  separation  between  the  several  strata.  This 
theory  has  been  ingsnionsly  extended  by  Lange,  who  seeks  to  explain  the  formation  of 
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both  coDoentric  and  horizontal  layers  in  the  same  stone,  an  association  often  obsenred 
in  the  South  American  agates,  and  always  difficult  of  explanation.  Lange  maintains 
that  when  the  gelatinous  silica,  deposited  in  a  warm  state,  had  choked  up  the  entrance, 
the  tension  of  the  steam  confined  in  this  closed  cavity  would  cause  the  siliceous  jelly 
to  be  pressed  equally  in  all  directions  against  the  inner  surface  of  the  cavity,  thus 
forming  a  continuous  lining,  until  the  steam  finally  burst  the  coating  at  its  weakest 
point,  and  so  effected  its  ogress :  the  so-called  inlets  of  infiltration  may  therefore  be  really 
canals  oif  eruption.  If  £e  cavity  were  large,  the  elastidty  of  the  vapour  might  be 
insufficient  to  press  the  gelatinous  matter  against  the  sides  of  the  hollow,  and  the 
contents  would  then  bo  precipitated,  in  obedience  to  the  force  of  gravity,  in  horizontal 
strata  on  the  floor  of  the  cavity :  hence  the  co-existence  of  concentric  and  horizontal 
layers  in  a  single  agate. 

According  to  the  varying  conditions  under  which  the  successive  strata  of  an  agate 
have  been  formed,  diffiorent  varieties  of  the  mineral  are  produced,  and  many  of  these 
are  sufficiently  wdl  characterized  to  receive  special  names.  Thus,  when  the  cavitv  in 
which  the  stone  has  been  formed  presents  angular  contours,  the  layers  naturally  adapt 
themselves  to  these  angles,  and  tne  cut  stone  thus  exhibits  a  zigzag  pattern,  whence 
it  is  tenaed/artificaiion  offoU,  If  the  deposits  form  concentric  rings  the  stone  is 
called  ejfe  agate.  Such  tnvial  names  as  riMnm  agate,  hndecape  agate,  clouded  agate, 
and  the  like^  sufficiently  explain  themselves.  A  beautiful  hreociatcd  agate,  in  which 
anffular  frag^nts  of  a  banded  variety  are  cemented  together,  chiefly  by  amethyst,  is 
weU  known  firom  SchlottwiU  in  Saxonv. 

The  colours  of  agate  are  arranged  in  parallel  or  concentric  bands,  or  assume 
the  fbirm  of  clouds  or  spots,  or  arborescent  and  moss-like  stains.  These  colours  are 
due  to  the  presence  of  metallic  oxides.  When  black  and  white  strata  alternate,  the 
stone  is  called  an  onvx;  when  the  layers  are  brown,  or  red  and  white,  it  becomes  a 
eardonyx.  If  the  white  stratum  of  an  onyx  be  so  thin  as  to  appear  bluish  white,  the 
stone  is  termed  by  jewellers  a  nkolo.  The  moeha  etane  is  a  variety  containing 
dendritic  markings  due  to  the  presence  of  oxide  of  manganese,  or  of  iron,  whilst  the 
4N0M  ogate  is  a  chaloedony,  containing  green  moss-like  markings,  referable  to  included 
inmanic  coloarin|f-inatter  disposed  in  these  patterns. 

TnA  chief  locabties  ndiich  yield  agates  to  any  eijtent  are  the  melaphyre  rocks  in 
the  €hilgenberff  and  elsewhoe  in  the  neighbourhood  of  Obarstein  in  Bhenish 
Bavaria,  and  the  beds  of  the  Bio  F&rdo,  the  Taquarie,  and  other  riven  in  Uruguay, 
which  yield  the  nodules  commonly  called  *  Brazilian  agates.'  Fine  Oriental  agates 
are  imported  firam  India,  chiefly  from  Gambay,  where  they  are  larj^y  cut  and 
polished.  The  well-known '  Scotch  pebbles '  are  truei  agates  found  in  various  localitiee 
m  Scotland,  especially  in  the  amygdaloidal  rocks  of  Einnoul  IQll  in  Perthshire ;  near 
Montrose  in  Forfarsmre ;  at  Dunbar ;  at  Dunglass  in  Haddingtonshire,  and  elsewhere. 
The  pebbles  found  on  the  south  coast  of  England  are  not  true  aflites,  but  are  simply 
flints  derived  from  the  upper  chalk,  and  often  exhibit  patterns  due  to  the  presence  of 
ehoanites,  ventriculites,  and  other  organic  remains.  At  the  same  time  large  numbers 
of  agates  are  also  sold,  at  low  prices,  at  most  English  watering-places,  but  these,  so 
to  ftoBL  being  local  'pebbles,'  are  generally  South  American  ag^es,  cut  and  pdished 
in  Germany,  whence  they  are  la:^y  imported.  Fine  pebb&  of  agate  and  other 
siliceous  stones  are  found  in  the  Yaal  Biver  in  South  Africa,  and  also  in  the  IHle. 
Mr.  Baintree  has  recently  described  a  local  eruption  of  mela^vre^  parts  of  whi(^ 
contain  fine  agates,  at  A^pite  Creek,  a  tributary  <u  the  Gilbert  Biver  in  Queensland. 
Some  beautifU  pdished  examples  of  Queensland  agates  were  exhibited  in  the  Inter- 
national Exhibition  of  1872. 

Agates  are  used  in  the  arts  for  a  variety  of  purposes,  such  as  knife-edges  of  delicate 
balances,  small  moortars  for  chemical  purposes,  burnishers  for  gold  and  silver,  styles 
for  writapg,  seal-handles,  brooches,  bracelets,  beads,  and  an  endless  variety  of  small 
omamentsl  objects. 

These  hard  stones  are  cut  and  polished  almost  exclusively  in  a  small  district  at  the 
foot  of  the  Southern  Hundsruck  in  Western  Germany.  The  works  are  chiefly  situated 
along  the  Valley  of  the  Idar,  a  small  stream  which  flows  into  tiie  Ns^e.  Atadistance 
of  about  40  miles  from  Bin^n,  where  the  Nahe  empties  itself  into  the  Bhine,  the 
small  town  of  Oberstein  is  situated.  Oborstein  and  IdaF--about  two  miles  distant — 
are  the  chief  centres  of  the  agate  trade.  Although  it  is  true  that  there  are  many 
other  localities  where  aoste-working  is  carried  on  to  a  limited  extent,  it  is  only  in 
this  district— at  least  in  Western  countries— that  the  trade  is  systematically  pursued, 
and  forms  the  sta^de  indurtir.  From  the  low  value  of  labour,  the  agates  are  there 
cut  and  polished  at  incredibly  low  prices,  and  vast  quantities  of  the  cut  stones  are 
sent  thence  to  all  the  continMital  fiirs  and  watering-jdaces.  A  large  trade  is  also 
carried  on  with  London,  Birmingham,  P^uis,  New  York,  and  other  distant  localities ; 
eoQsldemble  quantities,  too,  are  exported  to  the  interior  of  Africa. 
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The  loealiflation  of  the  agate  induBtiy  in  the  neighbourhood  of  Obentein  and  Liar, 
at  a  rery  eady  date — eeitainlj  more  than  400  years  ago — may  be  traced  to  the 
pbntiM  occnnence  of  agatea  in  the  sorzounding  hillB,  especiallY  in  the  hill  called  the 
Galgenberff  or  Steinkaulenberg.  These  hiUs  consist  of  a  mmaphyre,  more  or  less 
am^gdaloidal,  which  has  burst  through  the  sandstones  of  the  Saarbruck  coal-field. 
Adits  were  formeri^  driven  into  the  hill-side,  and  the  agate-bearing  rocks  were 
systematically  quamed.  The  workinfs  in  these  quarries  have  for  seyeral  years  past  been 
almost,  if  not  entirely,  abandoned,  cniefly  through  the  large  importations  constantly 
being  receired  £tom  South  America. 

In  1827  some  Idar  polishers  who  had  emigrated  to  Uruguay  accidentally  discovered 
some  fine  agates,  used  at  that  time  as  paying-stones.  Laige  quantities  of  the  amygda- 
loidal  nodules  were  easily  collected,  as  loose  pebbles,  £rom  the  bed  of  the  Itiyer 
Tsquarie,  and  were  despatched  to  Oberstein  by  way  of  Hamburg.  The  South  American 
agates  axe  eyidently  draiyed  fiom  decomposed  melaphyre  ro^,  for  ^though  never 
found  actually  embedded  in  the  matrix,  portions  of  t£e  mother-stone  are  oocasionidly 
seen  adhering  to  the  pebbles.  As  the  agate-nodules  are  obtained  without  the  expense 
of  quanying,  the  cost  is  oonflned  to  that  of  collecting  them  from  the  sui&ce  of  the 
nonnd,  or  separating  them  from  the  superficial  detritus.  The  stones  are  brought 
down  to  the  coast  on  mules,  or  in  waggons  drawn  by  oxen,  and  are  received  at  Porto 
Alegre,  or  at  Salto,  ^dienoe  they  are  taken  to  Monte  Video  and  Buenos  Ayres,  and 
shipped  from  these  ports  to  Europe.  Formerly  they  left  the  countiy  free  of  duty, 
and  were  brought  over  as  ballast,  but  an  export  duty  has  now  to  be  paid,  amounting 
in  Uruguay  to  six  per  cent,  of  their  value,  and  in  Brasil  to  ten  per  cent  Arrived  at 
Hamburg,  Antwerp,  or  Havre,  the  agates  are  conveyed  by  rail  to  Oberstein— the 
rough  stones  traveUing  in  open  trucks,  while  the  choicer  camelians  are  packed  in 
cases.  The  total  cost  of  transport  by  sea  and  land  amounts  to  from  3«.  to  Ss,  per 
cwt  Large  parcels  of  the  agates  are  displayed  in  the  courtyards  of  the  inns,  and 
after  due  advertisement  are  sdd  by  public  auction.  Prior  to  the  sale  the  polishers 
inspect  the  lots,  and  break  off  samples  of  the  stones,  which  are  taken  homeand  tested 
as  to  their  ^ower  of  taking  colour  by  methods  to  be  presratly  described.  From  forty 
to  fifty  auctions  take  place  annually,  and  though  the  prices  of  the  stones  vazv  greatly 
accormng  to  their  quality,  it  may  be  said  that  ordinary  agates  may  be  bought  on  an 
average  for  about  15«.  per  cwt  In  1867i  the  auction  sales  for  the  year  realised  a 
gross  sum  of  nearly  16,000^ 

The  agates  are  first  roug^  dressed  with  chisel  and  hammer.  From  the  texture  of 
the  stone  the  ex|)erienced  workman  is  able  to  judge  in  what  directions  the  stone  will 
most  readily  spht»  and  hence  by  a  few  skilfully-directed  blows  he  manages  to  trim 
the  agate  rudely  into  the  shape  iriiich  it  is  intended  to  assume.  The  more  valuable 
stones  are,  however,  sawn  into  shape  with  emery  and  water.  The  grinding  is  eflbcted 
on  large  red  grindstones,  mounted  on  a  horizontal  axis,  and  rotating  in  a  vertical 
plane.  Each  axle  carries  from  three  to  five  stones,  and  communicates  on  the  outside 
with  a  water-wheeL  These  wheels  vary  from  10  to  18  feet  in  diameter,  and  are 
usually  undershot.  Most  of  the  mills  are  situated  on  the  Idar,  a  stream  which  rises^ 
in  one  of  the  hig^iest  parts  of  the  Hbchwald.  At  the  village  of  Idar  it  is  about  1,012 
feet  above  the  sea-level,  and  at  Oberstein,  where  it  debouches  into  the  Nahe,  it  is  906 
feet  high.  It  is  in  the  Idar  valley,  between  these  two  villages,  that  most  of  the 
agate-mills  are  situated.  In  consequence  of  the  want  of  water  during  a  dry  season, 
the  mills  often  stand  idle,  and  hence  in  a  few  of  the  larger  works  steam-power  has  ci 
late  years  been  introduced.  The  grindstones,  to  which  the  water-wheel  or  steam- 
engine  gives  motion,  are  made  of  new  red  sandstone,  quarried  at  the  Kuserslautem 
near  3&nnheim,  and  are  about  6  feet  in  diameter  and  one  foot  in  width.  They 
nsually  make  three  revolutions  per  minute.  When  the  stones  have  been  badly 
■elected,  or  used  too  soon  after  having  left  the  quanv,  they  have  been  known  to  fiv 
to  pieces  with  great  yiolenoe,  and  in  this  way  several  mtal  accidents  formerly  occurred. 
The  wheels  revolve  in  a  well,  the  horizontal  shaft  being  nearly  on  a  level  with  the 
fioor,  below  iriiich  the  lower  half  of  the  wheel  is  concealed.  A  small  stream  of  water 
is  introduced  by  a  launder  above,  and  by  constantly  trickling  over  the  stones  keeps 
them  moist  Two  workmen  are  generally  employed,  side  by  side,  at  each  stone.  Tne 
workman  lies  in  an  almost  horiaontal  position,  resting  his  chest  and  stomach  on  a 
bare  wooden  grinding-stool,  adapted  to  the  shape  of  his  body,  while  he  presses  his 
feet  against  a  block  of  wood  fastened  to  the  floor :  the  reaction  of  this  fixed  block 
enablM  him  to  apply  any  object  with  great  force  to  the  moving  grindstone.  The 
specimen  to  be  ground  is  either  held  directly  in  the  hand  or  applied  to  the  stone  by 
means  of  a  Bhart  piece  of  soft  wood.  The  form  is  given  to  the  object  by  holding  it  in 
eertun  channels  cut  on  the 'circumference  of  the  stone.  During  grinding,  the  friction 
causes  the  agate  to  g^w  with  a  beautifU  reddish  phosi^oresoent  hfjbt,  visible  even 
in  the  daytime,  and  quite  distinct  firom  sparks  elicited  by  friction.    iUter  hbviug  been 
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ground,  the  stones  are  polished  with  tripoli  on  a  cylinder  of  hard  wood,  or  on  a  plate 
of  tin  or  lead. 

An  important  branch  of  the  agate  trade  is  that  of  artifldally  colouring  the  stones — 
an  art  which  has  attained  great  perfection  in  recent  times,  but  is  far  from  being  a 
modem  invention.  Pliny  states  (bk.  xzxvn.  cap.  76)  that  in  Arabia  agates  are 
found  which  are  purifled  and  pr^ared  for  the  cutter  by  being  heated  in  honey  for 
seven  days  and  seven  nights.  Evidently  the  mere  absorption  of  this  saccharine  matter 
into  the  pores  of  the  stones  would  be  insufficient  to  materially  alter  the  appearance  of 
the  agate;  but  if  liie  absorbed  honey  could  have  been  carbonized  by  the  action  of 
sulphuric  acid — as  at  present  pradised — ^the  dark  colour  of  the  brownish  layers 
would  have  been  considerably  heightened,  and  the  stones  improved  for  the  cameo- 
worker.  Believing  that  this  was  really  the  process  described  bv  Pliny,  though  he 
was  ignorant  of  the  entire  secret,  some  authorities  have  argued  in  favour  of  the  know- 
led^  of  oil  of  vitriol  by  the  ancient  Bomans,  while  others  have  suggested  that  the 
native  sulphuric  add  fnmi  volcanic  emanations  was  probably  employed ;  oth^,  again, 
have  maintained  that  the  honey  was  merely  charred  by  exposure  to  heat,  as  is  said  to 
be  still  practised  in  the  East  Be  that  as  it  may,  it  appears  that  the  secret  of  arti- 
ficially producing  a  black  colour  in  agates  was  for  ages  handed  down^  traditionally 
by  the  Italian  cameo-workors.  From  time  to  time,  It^ian  travellers  visited  Idar,  and 
purchased  stones,  whidk  were  taken  to  Bome  and  there  coloured.  At  length  the  secret 
of  this  art  oozed  out  under  peculiar  circumstances,  and,  being  onoe  known  in  Idar, 
rapidly  spread,  and  has  not  only  been  the  means  of  greatiy  developing  the  agate- 
industiy,  but  has,  to  a  large  extent^  caused  the  removal  of  the  seat  of  stone-engraving 
from  Italy  to  Gennany. 

All  artificial  coburation  of  these  hard  stones  depends  for  its  success  on  variations 
in  texture  and  density  presented  by  the  difibrent  layers.  Sections  of  agate  under  the 
microscope  often  exhibit  distinct  pores,  and  the  uneaual  texture  of  the  several  layers 
is  well  seen  by  the  action  of  hydrofiuoric  acid,  wYdai  readily  attracts  certain  strata 
while  it  is  reosted  by  others,  tiius  producing  an  uneven  suziace,  from  which  an  im- 
pressi<m  of  the  agate  may  be  naturally  printed— a  process  which  has  been  beautifhllv 
carried  out  by  &,  Leydolt  Not  ou^  do  the  component  layers  of  an  agate  absorb 
liquids  with  mfl&rent  degrees  of  fiacihty,  but  the  stones  as  a  whole  exhibit  like  di£fo- 
rences ;  some  stones  aba^bing  the  colour  rapidly,  others  requiring  months  to  do  so, 
and  others,  again,  entirelv  ref^ng  to  take  colour.  Hie  South  American  agates,  as  a 
rule,  lend  themselves  with  peculiar  fadlity  to  this  artifUdal  colouration,  and  are  much 
more  porous  than  the  true  German  agates. 

Black  or  dark  brown  colours  are  those  commonly  developed  in  agates — these  dark 
strata,  when  alternating  with  dense  white  layers,  forming  beautiM  onyxes  well  fitted 
for  cameo-woriL  To  poduce  the  dark  colour,  the  stones,  having  been  well  washed 
and  dried,  are  placed  in  honey,  thinned  with  water,  and  are  exposed  in  a  warm  place 
for  several  days,  in  some  cases  as  long  as  three  wedcs.  The  vessel  containing  them 
is  heated  by  being  placed  in  hot  ashes  or  on  a  stove,  but  the  s^p  is  never  idlowed 
to  boiL  Alter  having  lain  in  the  warm  honey  for  a  sufficient  time,  depending  on  the 
textine  of  the  stone,  they  are  removed,  wdl  washed,  and  placed  in  a  vessel  with 
sofficient  commereial  oil  of  vitriol  to  cover  tiiem;  the  vessel  b&ig  covered  with  a  slate, 
and  exposed  to  a  moderate  temperature.  The  sulphuric  acid  caroonises  the  saccharine 
matter  previously  absorbed  by  the  porous  layers  of  the  aoate,  and  paroduoes  a  black 
or  a  deep  brown  colour  according  as  the  action  is  more  or  less  intense.  Olive  oil  is 
used  by  the  Italians  instead  of  honey,  but  the  diemical  reactions  are,  of  course, 
essentially  the  same  in  the  two  cases.  Some  stones  blacken  in  a  few  hours,  others 
require  several  days,  while  bad  stones  never  take  cobur.  When  sufficiently  tinted 
the  stones  are  removed  from  the  acid,  washed,  dried,  and  polished ;  theyare  then 
generally  laid  in  oil  to  improve  the  lustre,  and  are  finally  dried  in  bran.  Whilst  the 
charrin|g  of  the  syrup  or  oil  givcto  a  dark  colour  to  the  porous  layers,  it  is  said  that 
the  white  colour  of  the  denser  strata  is  also  heightened ;  but  this  is  probably  merely 
the  eflfect  of  contrast  If  the  darker  parts  of  the  stone  riiould  be  too  deep,  the  colour 
can  be  *  drawn,'  or  made  lighter  by  the  action  of  ilitric  add. 

The  art  of  agate-colouration  has  reached  so  advanced  a  state  that  stones  can  now  be 
tinted  to  almost  any  desired  hue ;  some  of  the  processes  are,  however,  still  kept  secret 
^  the  polishers.  In  1846  the  method  of  coburing  agate  blue  was  first  introduced. 
TioB  is  now  efBbcted  in  various  ways.  One  of  the  best  modes  is  to  submit  the  stone 
successively  to  the  action  of  solutions  of  yellow  prussiate  of  potash  (ferrocyanide  of 
potassium),  and  of  a  per-salt  of  iron,  thus  causing  a  predpitate  of  Prussian  blue  to  be 
thrown  down  in  the  pores  of  the  stone.  Or,  i«d  prussiate  of  potash  and  common 
green  vitriol  may  be  used ;  or  an  ammoniacal  sulphate  of  copper  may  be  formed,  by 
pladng  the  stone  in  a  solution  of  blue  vitriol  and  then  in  ammonia.  A  ^rem  cobur  was 
rormerly  produced  by  nitcmte  of  nickel,  but  it  is  now  obtained  by  using  chromic  add. 
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The  green  stones  are  largely  nsed  as  aitifldal  chiyBopnue,  and  the  colour  is  more 
intense  and  said  to  be  more  durable  than  that  of  the  natural  chrjsoprase.  A  yellow 
tint  is  obtained  by  prolonged  digestion  in  warm  hydrochloric  add,  the  add  acting  on 
the  oxide  of  iron  normally  present  in  the  stone,  and  thus  forming  a  yellow  perchloride. 
One  of  the  commonest  and  at  the  same  time  most  easily  develo]^  colours  is  the  red 
tint  of  the  camelian.  It  was  long  ago  observed  that  y^ow  and  grey  chalcedony 
taa^t  be  caused  to  assume  a  bright  red  colour  by  mere  exposure  to  sunshine,  the  heat 
being  suffident  to  expel  the  water  more  or  less  completely  firomthehydrated  peroxide 
of  iron  normally  present  in  the  stone.  In  India  it  has  long  been  the  practice  to 
conrert  yellowiui  chalcedony  into  red  camelian  by  solar  heat  The  Idar  workers 
geneoally  expose  the  agates  to  the  heat  of  an  oven,  gradually  raised  until  all  hygro- 
scopic water  is  expelled.  The  stones  are  then  moistened  with  sulphuric  add,  and 
raised  to  a  red  heat,  whereby  an  anhydrous  peroxide  of  iron,  of  fine  red  colour,  is 
deyeloped.  Or  a  pemitrate  of  iron  may  be  formed  by  throwing  a  handful  of  old  nails 
into  half-a-rnnt  of  aquafortis  mixed  wiu  a  pint  of  water,  and  8ie  stones  having  been 
soaked  in  this  solution  are  heated  so  as  to  oeoompose  the  absorbed  salt,  and  cause  a 
predptate  of  fenk  oxide  in  the  pores  of  the  agate.  Several  organic  colours  have 
been  introduced  by  the  agate-worker,  but  they  are  generally  fugitive :  mauve  and 
magenta  agates,  and  other  equally  unnatural  stones,  are  common  in  the  market.  The 
ingenuity  of  the  Idar  worionen  also  enables  them  to  imitate  successfully  the  dendritic 
markings  in  mocha-stones. 

Another  important  branch  of  industry  connected  with  the  agate-trade  is  that  of 
mounting  the  finished  objects.  Hiou^  dignified  by  the  name  oi  GoldsekmiBde,  the 
mounters  usually  work  in  gilt  tomback ;  some  of  the  better  kinds  of  agate-ware  are 
now,  however,  set  in  silver.  Drilling,  engraving,  cameo-cutting,  and  etching  with 
hydrofluoric  add,  are  also  extensively  pra^ised  in  Idar;  and,  in  addition  to  agates, 
large  quantities  of  Oriental  blood-stones  and  other  semi-predous  stones,  and  even 
pastes,  are  largely  cut  and  mounted  in  this  district 

In  1867  there  were  in  Birkenfeld  and  the  neighb^hood  724  grindstones  woddng 
in  153  mills.  The  number  of  grinders  and  polishers  in  Birkenfeld  was  1,129,  but  in 
additaon  to  this  number  about  800  workmen  dwelt  beyond  the  limits  of  the  Prind- 
pality.  There  were  also  about  258  persons  engaged  in  drilling  and  boring  the  agates, 
and  abofiit  700  so-called  goldsmiths.  Induding  those  employed  in  the  sale  of  the 
stones,  in  maJdiu;  paper  cases,  and  otherwise  connected  with  the  trade,  it  may  be 
said  that  upwards  of  8,000  persons  depend  for  their  support  on  the  agate-industry 
in  the  neighbourhood  of  Idar  and  Oberstein. 

[For  Aurther  information  on  the  subject  of  this  Artide  the  reader  may  consult  the 
following  works :— Billing's  *The  Science  of  Gems,*  1867,  p.  48  et  ««/.;  Kluce, 
'Edelsteinkunde,'  1860,  p.  401 ;  Lange,  *Die  Halbedelstdne  aus  dor  Familie  der 
QuarM  und  die  Geschichte  der  Achatindustrie,'  1868 ;  Noggerath, '  Die  Kunst,  Onyxe, 
Cameole,  Chalcedone  u.  andere  verwandte  Steinarten  zu  farben,'  Earsten's  '  Archiv, 
xxii.'  1848,  p.  262,  and  'Edin.  New  PhiL  Joum.',  xlviii.  1850,  p.  166;  Noggerath, 
'Ueberdb  Achatmandeln  in  den  Melaphyren,'  Haidinger's  'Naturwissentschaftliche 
Abhandlungen,'  iii.  1850,  p.  93;  Kenngott,  *Ueber  die  Achatmandeln  in  den 
Melaphyren,  namenUich  uber  die  von  Thesis  in  Tirol,'  Op,  eit,  iv.  1851,  p.  72 ; 
Haidin^r's  'Berichte,'  vi.  1850,  p.  62 ;  Bischof,  'Lehrbuch  d.  Chem.  u.  Phys.  Geologie,' 
ed.  2,  ii.  p.  853 ;  iii.  p.  457, 464, 623  et  eeq, ;  Reusch,  *  Ueber  den  Agat  * ;  Foggendorff 's 
•  Annalen,'  cxxiii.  1864,  p.  94].— F.  W.  K. 

AOATS.  An  instrument  used  by  gold-wire  drawers,  so  called  from  the  agate 
fixed  in  the  middle  of  it 

AZCB  aUTAXto  An  alloy  patented  in  1860  by  Johann  Aich,  and  recommended 
for  use  in  ship^building  and  sheaUiing.  In  composition  it  approaches  dose  to  Eeir's 
metaL  The  following  are  found  to  be  the  bei^  proportions :  copper,  60  lbs. ;  rinc, 
38  lbs.  2  OEB. ;  and  iron,  1  lb.  8  ozs.  The  proportion  of  zinc  may,  however,  be 
increased  to  40  per  cent,  and  that  of  iron  may  vary  between  0*5  and  3  per  cent 

AI»BWlTJiL  A  native  sulphide  of  bismuth,  lead,  and  copper,  crystallising  in 
needle-shaped  cz^rstals  belonging  to  the  prismatic  or  orthorhombic  system.  It  is 
found  at  Bersow  in  the  Urals,  and  is  believed  to  occur  in  Georgia  and  North  Carolina 
in  the  XTnited  States. 

•AXS.  The  gaseous  envelope  which  surrounds  this  earth  is  emphatically  so  called ; 
it  consists  of  the  gases  nitrogen  and  oxygen. 

About  79  measures  of  nitrogen,  or  azote,  and  21  of  oxygen,  with  ^^th  of  carbonic 
add,  constitute  the  air  we  breathe.  The  term  otr  is  applied  to  any  permanently 
gaseous  body.  And  we  express  dififerent  conditions  of  the  air,  as  good,  air,  bad  air, 
foul  air,  &c    See  Atmosfhbbb. 

A2B-BSZCX.  A  brick  of  the  ordinary  size  and  kind,  but  perforated  so  as  to 
admit  the  passage  of  air  through  the  openings  when  built  into  the  walls. 
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AIR-ENGINE 
OOMPBSSSBD.     For  its  employment  in  some  mining  operations,  see 


HnfiNO. 

AZX-BVOXWB.  The  considerable  expansibility  of  air  by  heat  naturally  suggested 
its  nse  as  a  motiye  power  long  before  theoretical  investigation  demonstrated  its  actual 
Talue.  The  great  advance  made  during  tiie  last  few  years  in  our  knowledge  of  the 
mechanical  action  of  heat  has  enabled  ns  to  determine  with  certainty  the  practical 
result  which  may  be  obtained  by  the  use  of  any  contriyanoe  for  employing  heat 
as  a  prime  mover  of  machinenr.  We  are  indebted  to  Sir  Wm.  Thomson  for  the 
f^damental  theorem  wUch  decides  the  economy  of  any  thermo-dynamic  engine.  It 
is — that  in  any  perfectly  constructed  engine  the  fi»ction  of  heat  converted  into  work 
is  equal  to  the  range  of  temperature  from  the  highest  to  the  lowest  point,  divided  hj 
the  nighest  temperature  reckoned  from  the  zero  of  absolute  temperature.  Thus,  if 
we  have  a  peorfect  engine  in  whidi  the  highest  temperature  is  280^  and  the  lowest  80*' 

280—80 
F.,  the  fraction  of  heat  converted  into  force  will  be  ^r—r — ^^  or  rather  more  than 

one  quarter.  So  that,  if  we  use  a  coal  of  which  one  pound  in  combustion  gives  out 
heat  equivalent  to  10,880,000  foot-pounds,  such  an  engine  as  we  have  just  described 
would  produce  work  equal  to  2,806,405  foot-pounds  for  Mich  pound  of  coal  consumed 
in  the  ramaco.  From  the  above  formula  of  Sir  Wm.  Thomson,  it  will  appear  that 
the  economy  of  any  perfect  thermo-dynamic  engine  depends  upon  the  range  of  tem- 
perature we  can  obtain  in  it.  And  as  the  lowest  temperature  is  generally  nearly 
constant,  being  ruled  by  the  temperature  of  the  surface  of  the  earth,  it  fol^pws  that 
the  higher  we  can  raise  the  hignest  temperature,  the  more  economical  will  be  the 
engine.  The  question  is  thus  reduced  to  this: — ^In  what  class  of  enffine  can  we 
practically  use  the  highest  temperature  ?  In  the  steam-engine  worked  with  satu- 
rated vapour,  the  limit  is  obviously  determined  by  the  amount  of  pressure  which  can 
be  safelv  employed.  In  the  steam-engine  worked  with  super-heated  vapour — 1.«.  in 
which  the  vapour,  after  passing  from  Sie  boiler,  receives  an  additional  charge  of  heat 
without  being  allowed  to  take  up  more  water— and  also  in  the  air-engine,  the  limit 
will  depend  upon  the  temperature  at  which  steam  or  air  acts  chemi^y  upon  the 
metals  employed,  as  well  as  upon  the  power  of  the  metals  themselves  to  resist  the 
destructive  action  of  heat  It  thus  appears  that  the  steam-engine  worked  with  super- 
heated steam  possesses  most  of  the  economical  advantages  of  the  air  engine.  But 
when  we  connder  that  an  air-engine  may  be  made  available  where  a  plentifnl  supply 
of  water  cannot  be  readily  obtained,  the  importance  of  this  kind  of  thormo-dynamic 
engine  is  incontestable.  The  merit  of  first  constructing  a  practical  air-engine 
belongs  to  Mr.  Stirling.  Mr.  Ericsson  has  subsequently  introduced  various  refine- 
ments, such  as  the  respirator — a  reticulated  mass  of  metal,  which,  by  its  extensive 
conducting  surface,  is  able,  almost  instantaneously,  to  give  its  own  temperature  to  the 
air  which  passes  through  it.  But  various  practical  difficulties  attend  these  refine- 
ments, which,  at  best,  only  apply  to  engines  worked  between  particular  temperatures. 
The  least  complex  engine,  and. that  which  would  probably  prove  most  effectual  in 
practice,  is  that  described  in  the  *  Philosophical  Transactions,  1852,  Fart  L  It  con- 
sists of  a  pump,  which  compresses  air  into  a  receiver,  in  which  it  receives  an  additional 
charge  df  heat ;  and  a  cylinder,  the  piston  of  which  is  worked  by  the  heated  air  as  it 
escapes.  The  difibrence  between  the  work  produced  by  the  cylinder  and  that  absorbed 
by  the  pump  constitutes  the  force  of  the  engine ;  whidi,  being  compared  with  the  heat 
communicated  to  the  receiver,  gives  results  exactly  conformable  with  the  law  of 
Sir  Wm.  Thomson  above  describe — J.  P.  J. 

Dr.  Joule  has  proposed  various  engines  to  be  worked  at  temperatures  below  redness, 
which,  if  no  loss  occurred  b^  friction  or  radiation,  would  realise  about  one-half  the  work 
due  to  the  heat  of  combustion,  or  about  four  times  the  economical  duty  which  has,  as 
yet,  been  attained  by  the  most  perfect  steam-engine. 

A  detailed  account  of  Ericsson's  Calorific  Engine  may  be  useftil,  especially 
as  a  certain  amount  of  success  has  attended  his  efforts  in  applying  the  expansive 
power  of  heat  to  move  machinery.  Ericsson's  enmnes  have  been  for  some  years 
at  woric  in  the  foundry  of  Messrs.   Hogg  and  Delamater,  in  New  York;    one 

E'  le  being  of  five  and  another  of  sixty  horse-power.  The  latter  has  four 
ders.  Two,  of  seventy-two  inches  diameter,  stand  side  by  side.  Over  each  of 
is  placed  one  much  smaller.  Within  these  are  pistons  exactly  fitting  their 
respective  cylinders,  and  so  connected,  that  those  within  the  lower  and  upper 
cybnders  move  together.  Under  the  bottom  of  each  of  the  lower  cylinders  a  fire 
is  applied,  no  other  Aimaces  being  employed.  Neither  boilers  nor  water  are  used. 
The  tower  is  called  the  woiUng  cj^inder ;  the  u|^r,  the  supply  cylinder.  As  the 
piston  in  the  supply  cylinder  moves  down,  valves  placed  in  its  top  open,  and  it 
becomes  filled  witn  cold  air.  As  the  piston  rises  within  it,  these  valves  close,  and  the 
air  within,  unable  to  escape  as  it  came,  passes  through  another  set  of  valves  into  a 
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teeeiTOT,  from  whence  it  has  to  pass  into  tlie  woiking  cylinder,  to  force  up  the  working 
pston  within  it.  As  it  leavee  the  reoeiyer  to  perform  this  duty,  it  passes  through  what 
is  called  tie  rwenerator,  where  it  becomes  heated  to  abont  460^ ;  and  npon  entering 
the  woiking  cylinder,  it  is  fiorther  heated  by  the  supply  underneath.  For  the  sake  of 
iQnstration,  merely,  let  ns  suppose  that  the  woiking  cyUnder  contains  double  the  area 
€i  the  Bup^y  (^linder ;  the  cold  air  which  entered  the  upper  cylinder  will,  theiefore. 
but  only  lulf  fill  the  lower  one.  In  the  course  of  its  passage  to  the  latter,  howeyer, 
it  passes  through  the  regtmtraJUyr ;  and  as  it  enters  the  working  cylinder,  we  will 
suppose  that  it  has  become  heated  to  about  480^,  by  which  it  is  expanded  to  double 
its  yolume,  and  with  this  increased  capacity  it  enters  the  working  cylinder.  We  will 
further  suppose  the  area  of  the  piston  within  this  ^linder  to  contain  1,000  square 
inches,  and  the  area  of  the  piston  in  the  supply  cylinder  aboye  to  contain  but  600. 
The  air  proeoos  upon  this  with  a  mean  foioa,  we  will  suppose,  of  about  eleyen  pounds 
to  each  square  inch ;  or,  in  other  words,  with  a  weight  on  5,500  pounds.  Upon  the 
surface  of  the  lower  piston  the  heated  air  is,  howeyer,  pressing  npwaids  with  a  like 
force  upon  each  of  its  1,000  souare  inches ;  or,  in  other  words,  with  a  force  which, 
after  oTercoming  the  weight  aboye,  leayes  a  surplus  of  6,600  pounds,  if  we  make  no 
allowance  for  fioetion.  I&s  surplus  famishes  Uie  woddng  power  of  the  engines  It 
will  be  seen  that  after  one  stroke  of  its  pistons  is  made,  it  will  continue  to  woric  with 
this  force  so  long  as  suiBcient  heat  is  supplied  to  expand  the  air  in  the  woddng 
cylinder  to  the  extent  stated;  for,  so  long  as  the  area  of  the  lower  piston  is  greater 
than  that  <tf  the  upper,  and  a  like  pressure  is  upon  eyeiy  square  inch  of  each,  so  lonff 
will  the  greater  piston  push  forward  the  smaller,  as  a  two-pound  weight  upon  one  end 
of  a  balance  will  be  sure  to  bear  down  a  one-pound  weignt  placed  upon  the  other. 
We  need  hardly  say,  that  after  the  air  in  the  working  cylinder  has  forced  up  the 
piston  within  it,  a  yalye  opens ;  and  as  it  passes  out,  the  pistons,  by  the  force  of 
grayity,  descend,  and  cold  air  again  rushes  into  and  flUs  the  supply  cylinder.  In  this 
manner  the  two  cylinders  are  alternately  supplied  and  discharged,  causing  the  pistons 
in  each  to  play  up  and  down  substantially  as  they  do  in  the  steam-engine. 

The  regenerator  must  now  be  described.  It  has  been  stated  that  atmospheric  air  is 
first  drawn  into  the  rapply  cylinder,  and  that  it  passes  through  the  regenerator  into 
the  woiUng  cylinder.  The  regenerator  is  composed  of  wire  net,  like  that  used  in  the 
manufacture  of  sieres,  |daced  side  by  side,  untu  the  series  attains  a  thickness  of  about 
12  inches.  Through  the  almost  innumerable  cells  formed  by  the  intersections  of  the 
wire,  the  air  must  pass  on  its  way  to  the  working  cylinder.  In  passing  through  these 
it  is  so  minutely  diyided  that  all  parts  are  brought  into  contact  with  the  wires. 
Supposing  the  side  of  the  re^nerator  nearest  the  working  cylinder  is  heated  to  a  jiigh 
temperature,  the  air,  in  passing  through  it,  takes  up,  as  we  haye  said,  about  idO*'  of 
the  480^  of  heat  required  to  £mble  l£e  yolume  of  the  air ;  the  additional  SO^*  are 
comsmnicated  by  the  fire  beneath  the  cylinder. 

The  air  has  thus  become  ^cpanded,  it  forces  the  piston  upwards ;  it  has  doxie  its 
work — ^yalyes  open,  and  the  imprisoned  air,  heated  at  480°,  passes  from  the  crylinder 
and  again  enters  the  regenerator,  through  which  it  must  pass  before  leayins  the 
machine.  It  has  been  said  that  the  side  of  this  installment  nearest  the  ^linder  is 
kept  hot ;  the  other  side  is  kept  cool  by  the  action  upon  it  of  the  air  entering  in  the 
opporato  direction  at  each  up-stroke  of  the  pistons ;  consequently,  as  the  air  from  the 
working  cylinder  passes  out,  the  wires  absorb  the  heat  so  eflfectually,  that  when  it 
leayes  Uie  regenerator  it  has  been  robbed  of  it  all,  except  about  80°. 

The  regenerator  in  the  OO-horse  en^^e  measures  26  inches  in  height  and  width 
intenially.  Each  disc  of  wire  composing  it  contains  676  superficial  inches,  and  the 
net  has  ten  meshes  to  the  inch.  Each  superficial  inch,  therefore,  contains  100  meshes, 
which,  multiplied  by  676,  giyes  67,600  meshes  in  each  disc ;  and,  as  200  discs  are 
employed,  it  follows  that  the  regenerator  contains  18,620,000  meshes ;  and  con- 
sequently as  there  are  as  many  spaces  between  the  discs  as  there  are  meshes,  we  find 
that  the  air  within  it  is  distributed  in  about  27*000,000  minute  cells.  Thence  eyeiy 
particle  of  air,  in  passing  through  the  regenerator,  is  tooug^t  into  yeo^  dose  contact 
with  a  surface  of  metal  which  heato  and  cools  it  alternately.  Upon  this  action  of  the 
regenerator,  Ericsson's  Calorific  Engine  depends.  In  ito  appUcation  on  the  large 
scale,  contemplated  in  the  great  Atlantic  steamer  called  '  The  Ericsson,'  the  result 
was  not  satisfustory.  We  may,  howeyer,  notwithstanding  this  result,  safely  predi- 
cate, from  the  inyestigation  of  Messrs.  Thomson  and  Joule,  that  the  expansion^  of 
air  by  heat  wiU  eyentimlly,  under  some  conditions,  take  the  place  of  steam  as  a  motiye 
power. 

AIB-CttATXVCK    A  kind  of  air-brick  built  into  walls  to  admit  air  under  the 


floors  or  into  doseplaces.    Air-gratings  are  often  made  of  iron. 

ftm  miH      l£is  is  a  weapon  in  which  the  elastic  force  of  air  is  made  use  of  to 
project  the  balL  It  is  so  arranged,  that  in  a  cayity  inthe  stock  of  the  gun,  air  can  be» 
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by  means  of  a  piston,  powerAillj  condensed.  Here  is  a  reserved  force,  which,  upon 
its  being  relieyed  from  pressure,  is  at  once  exerted.  When  air  has  been  condensed 
to  about  ^th  of  its  bulk,  it  exerts  a  force  idiich  is  still  very  inferior  to  that  of  gun- 
powder. Jbi  many  other  respects  the  air-gun  is  but  an  imperfect  weapon,  consequently 
it  is  rarely  employed. 

AZB-BOias.  The  cavities  in  a  metal  casting — ^produced  by  the  escape  of  air 
through  the  liquid  metaL 

AZB- VVMy •  A  machine  by  which  the  air  can  be  e:diausted  from  any  vessel  con- 
taining it  It  is  empb^  in  scientiflc  investigations  for  exhibiting  Amny  very, 
interesting  phenomena  in  connection  with  the  pressure  of  air,  and  its  presence 
or  absence ;  and  it  is  connected  with,  and  forms  an  important  part  of,  the  improved 
modem  steam-engine.  Similax  madiines  are  also  used  for  condensing  atmospheric 
air;  these  have  l^n  employed  on  a  large  scale  in  some  civil  engineering  purposes. 
For  a  description  of  the  Sraengel  pump,  see  Aspibatob. 

ATB^WWftJPT.  In  Mining,  a  shaft  devoted  to  the  purpose  of  maintaining  the 
circulation  of  air  in  a  colliery  or  metalliferous  mine.    (See  Diuniko,  YBMniATioN.) 

AntO^MTOBOaay  MMMWVXWM»  a  blowpipe  in  which  air  is  used  in  the 
place  of  oxygen,  to  combine  with  and  give  intensity  of  heat  to  a  hydrogen  flame  for 
the  purposes  of  soldering.    See  Aftogbtous  SoLDBBma. 

AJVTAOMm    A  tube  through  which  water  is  discharged — as  in  a  fountain. 

A&ABASraB.  CfyptumJJlbAire,  Fr.;  Alabaster,  Qer,\  a  suli^to  of  lime. 
(See  Alabastbb,  OsiBifTAi..)  When  massive,  it  is  called  inoiiferentfy  alabaster  or 
gypsum ;  and  idien  in  distinct  and  separate  crystals,  it  is  termed  selemte.  Massive 
alabaster  occurs  in  Britain  in  the  new  red  or  keuper  marl :  in  Glamorganshire,  on  the 
Bristol  Channel ;  in  Leicestershire,  at  Syston ;  at  Tutburv  and  near  Burton-on-Trent, 
in  StaflR>rdshire ;  at  Chellaston,  in  Derbyshire ;  near  Droitwich  it  is  associated  in  the 
marl  with  rock  salt,  in  strata  respectively  40  and  75  feet  in  thickness;  and  at 
Northwich  and  elsewhere  the  red  marl  is  intersected  with  fluent  veins  of  gypsum. 
At  Tutbury  it  is  quarried  in  the  open  air,  and  at  Chellaston  in  caverns,  where  it  is 
blasted  by  gunpowder :  at  both  places  it  is  burned  in  kilns,  and  otherwise  prepared 
for  the  market.  It  lies  in  irregular  beds  in  the  marl,  that  at  Chellaston  bein^  about 
80  feet  thick.  There  is,  however,  reason  to  suppose  that  it  was  not  originally 
deposited  along  with  the  marl  as  sulphate  of  lime,  but  rather  that  calcareous  strata, 
by  the  access  of  sulphuric  acid  and  water,  have  been  converted  into  sulphate  of  lime — 
a  circumstance  quite  consistent  with  the  bulging  of  the  beds  of  marl  with  which  the 
gypsum  is  associated,  the  lime,  as  a  sulphate,  occupying  more  space  than  it  ^d  in  ito 
original  state  as  a  cairbonate.  At  Tutbury,  and  elsewhere,  though  it  lies  on  a  given 
general  horizon,  yet  it  can  scarcely  be  said  to  be  tnlj  bedded,  but  ramifies 
among  the  beds  and  joints  of  the  marl  in  numerous  films,  veins,  and  layers  of  fibrous 
gypjBum.  A  thick  bed  of  white  crystalline  alabaster,  or  gypnim,  has  been  discovered 
ouring  the  Sub-Wealden  Exploration  in  Sussex.  It  occurs  m  beds  which  are  probably 
of  Purbeck  age. 

A  snow-w£te  alabaster  occurs  at  Volterra,  in  Tuscany,  much  used  in  works  of  art 
in  Florence  and  Leghorn.  In  the  Paris  basin  it  occurs  as  a  granular  crystelline  rock, 
in  the  lower  Tertiary  rocks,  known  to  geologists  as  the  upper  part  of  the  Middle 
Eocene  freshwater  strata.  It  is  associate  with  beds  of  white  and  green  marls ;  but 
in  the  Thuringerwald  there  is  a  great  mass  of  sulj^te  of  lime  in  the  Permian  strata. 
It  has  been  smik  through  to  a  depth  of  70  feot,  and  is  believed  to  be  metamorphosed 
magnesian  limestone  or  Zechstein.  In  the  United  States  this  calcareous  salt  occurs 
in  numerous  lenticular  masses  in  marly  and  sand  strata  of  that  part  of  the  Upper 
Silurian  strata  known  as  the  Onondaga  salt  group.  It  is  excavated  for  agricultural 
pmrposes.    For  mineralogjical  character,  &c,  see  Gtpsuil — ^A.  0.  B. 

The  fineness  of  the  grain  of  alabaster,  the  unifbrmity  of  ite  texture,  the  beauty  of  its 
polished  surfSsce,  and  its  semi-transparon<nr,  aro  the  qualities  which  render  it  valuable 
-to  the  sculptor  and  to  the  manufacturer  of  ornamental  articles. 

The  alabaster  is  worked  with  the  same  tools  as  marble ;  and  as  it  is  many  degrees 
softer,  it  is  so  much  ihe  moro  easily  cut ;  but  it  is  more  difficult  to  polish,  from  its 
little  solidity.  After  it  has  been  fashioned  into  the  desired  form,  and  smoothed  down 
with  pumice-stone,  it  is  pol]5«hod  with  a  pap-like  mixture  of  chalk,  soap,  and  milk ; 
and,  last  of  all,  finished  by  friction  with  flannel.  It  is  apt  to  acquire  a  yellowish 
Unge. 

Sesides  the  harder  kinds,  employed  for  the  sculpturo  of  lar^  figures,  there  is  a 
softer  alabaster,  pure  white  and  semi-transparent,  from  which  small  ornamental 
objecte  aro  made,  such  as  boxes,  vases,  lamps,  stands  of  timepieces,  &c  This  branch 
of  business  is  much  prosecuted  in  Floronce,  Leghorn,  Milan,  &c,  and  employs  a  great 
many  turning-lathes.  Of  all  the  alabasters,  the  Florontine  merito  the  preferonoe, 
on  account  of  its  beauty  and  uniformity.     Other  sorte  of  gypsum,  such  as  that 
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of  Salzbiiig  and  Austria,  contain  sand  reins  and  hard  nodnles,  and  require  to  be 
quarried  hy  clearing  and  blasting  operations,  which  are  apt  to  crack  it  and  render  it 
unfit  for  aU  delicate  objects  of  saiiptnre.  It  is,  besides,  of  a  grey  shade,  and  often 
stained  with  darker  colours. 

The  alabaster  best  adapted  for  the  fine  arts  is  white  iHien  newly  broken,  and  becomes 
jet  whiter  on  the  surface  by  drying.  It  may  be  easily  eat  witii  the  knife  or  chisel, 
and  formed  into  many  pleasing  wapes  by  soitable  steel  tools.  It  is  worked  either 
by  the  hand  alone,  or  with  the  aid  of  a  turning-lathe.  The  taming  tools  should  not 
be  too  thin  or  sharp-edged;  but  such  as  are  employed  for  iyory  and  brass  are 
most  suitable  for  alabaster,  and  are  diiefiy  used  to  shaye  and  to  scratch  the  surfiiee. 
The  objects  iHiich  cannot  be  turned  may  be  fashioned  by  the  rasping  tools,  or  with 
minute  files,  fine  chisels  and  graying  tools  are  also  used  for  the  better  pieces 
of  statuary. 

For  polishing  such  woriui,  a  peculiar  process  is  required :  pumice-stone,  in  fine 
powder,  seryes  to  smooth  down  the  surfitces  yery  well,  but  it  soils  the  whiteness  of 
the  alabaster.  To  take  away  the  uneyennees  and  roug^ess,  dried  shaye-grass 
(e^umium)  answers  best.  Friction  with  this  plant  and  water  polishes  down  the  aspe- 
rities left  by  the  chisel :  the  fine  streaks  left  by  the  grass  may  be  remoyed  by  rubbing 
the  pieces  with  slaked  lime,  finely  pulyerised,  sifted,  and  made  into  a  paste ;  or  with 
puUy-powder  (oxide  of  tin)  and  water.  The  polish  and  satin-lustre  of  the  surftce  are 
commumcated  by  friction,  first  with  soap-water  and  lime,  and  finally  with  powdered 
and  elutriated  tale  or  PVench  chalk. 

Such  articles  as  consist  of  seyeral  pieces  are  joined  by  a  cement  composed  of  quick- 
lime and  white  of  egg;,  or  of  well-calcined  and  well-sifted  Fftris  plaster,  mixed  with 
the  least  possible  quantity  of  water. 

Alabaster  objects  are  liable  to  become  yellow  by  keeping,  and  are  especially 
iiyured  by  smoke,  dust»  &c  Ther  may  be  in  some  measure  restored  by  washing 
with  soap  and  water,  then  with  clear  water,  and  again  polished  with  shaye-grass. 
Grease-spots  may  be  remoyed  either  by  rubbing  with  talc  powder,  or  with  oil  of 


he  snrfooe  of  alabaster  may  be  etdied  by  coyering  oyer  the  parts  that  are  not  to 
be  touched  with  a  solution  of  wax  in  oil  of  turpentine,  thickened  with  white  lead, 
and  immersing  the  articles  in  pure  water  after  the  yarnish  has  set  The  action  of 
the  water  is  continued  from  20  to  50  hours,  more  or  less,  according  to  the  depth  to 
which  the  etching  is  to  be  out.  After  remoying  the  yamish  with  oil  of  turpentine, 
the  etched  ^^oes,  which  are  necessarily  depri^  of  their  polish,  should  be  rubbed 
with  a  brusn  dipped  in  finely-powdered  gypsum,  which  giyes  a  kind  of  opacity,  con- 
trasting well  with  the  rest  of  the  surfiace. 

Alabaster  may  be  stained  either  with  metallic  solutions,  with  spirituous  tinctures  of 
dyeing  plants,  or  with  coloured  oils,  in  the  same  way  as  marbles. 

mhUBUgy,  CiMXMMTAJtm  Oriental  alabaster  is  a  form  of  stalagmitic  or 
stalaetitic  carbonate  of  lime,  an  Egyptian  yarietr  of  which  is  highly  esteemM.  It  is 
also  procured  from  the  ^renees,  from  Chili,  and  f^rom  parts  of  the  United  States  of 
America.  Ancient  quarries  are  still  in  existence  in  the  proyince  of  Oran,  in  Algeria. 
The  well-known  *  Gibraltar  stone'  and  the  Galiforman  marble  are  similar  sta- 
lagmitic forms  of  carbonate  of  lime.  This  Oriental  alabaster,  or  alabaster  of  the 
ancients,  is  to  be  carefully  distinguished  troai  the  mineral  now  commonly  known  as 
alabaster ;  the  former  is  a  carbonate,  the  latter  a  tidphate  of  lime.  See  Omrx, 
Alqbbiak. 

AJUBAMm  A  white  resinous  substance  extracted  from  gatta-percha  by  either 
aloohol  or  ether.    See  Gitfk^-fbbcha. 

ASUBAMZ  STOWB.  (ZopM  albanus).  The  Peperino  of  modem  geologists.  A 
dark  yolcanic  tufo  found  in  Italy,  much  used  at  Borne  before  building  with  marble 
became  common.  The  Italian  name  pepermo  is  deriyed  from  pepe,  pepper,  iriiich  it 
'  somewhat  resembles. 

AXAATA  WEaJLVMf  a  name  ^yen  to  one  of  the  yarieties  of  white  metal  now  so 
commonly  employed.    See  CoFPmi  and  Allots. 

ilTi B  a  IITATJi«  A  jet-black  mineral  substance  resembling  asphalt,  discoyered  in 
1849  at  Hillsboroagh,  in  Albert  Co.,  New  Brunswick.  It  occurs  m  irregular  fissures 
in  Lower  Carboniferous  rocks,  and  is  now  usually  regarded  as  the  residue  left  on  the 
drying-up  of  a  great  bod^r  of  petroleum.  *  The  deposit  of  the  Albert  mine  would  thus 
be  a  yein  or  fissure  constituting  an  ancient  reseryoir  of  petroleum,  which,  by  the  loss 
of  its  more  yolatale  parts  and  partial  oxidation,  has  been  hardened  into  a  coaly 
substance.'  {Dawson),  Albertite  nas  been  largely  used  in  the  United  States  for  the 
distillation  of  oil  and  coke.  The  yield  per  ton  is  said  to  be  100  (erode)  gallons  of 
oil,  and  14,600  cubic  feet  of  illuminating  gas,  while  a  residue  of  good  coke  remains  in 
the  retorts. 


Digitized  by  VjOOQIC 


42  ALCOHOL 


A  soda  felspar.    See  Fblspab. 

A&BOUnv.  A  cement  prepared  by  caldniog  native  carbonate  of  magnesia 
(magneeite)  and  mixing  the  magnesia  thns  obtained  -with  silica. 

AUnnc  CMtXCUM.  The  white  faeoes  of  dogs,  hyenas,  &c  After  the  hair 
has  been  remored  from  skins,  this  is  nsed  to  preserve  the  softness  of  them,  and 
prepare  them  for  the  tan-pit.  Fowls'  dang  is  considered  bv  practical  tanners  as 
superior  to  the  dung  of  dogs,  and  this  is  obtained  as  largely  as  possible.  These 
excreta  may  be  said  to  be  essentially  {Aosphate  of  lime  and  mncos.  We  are  informed 
that  various  artificial  compoonds  which  represent,  chemically,  the  conditions  of  those 
natural  ones,  have  been  tned  withoat  poKxraoing  Uie  same  good  results.  It  is  a  reflec- 
tion on  our  science,  if  this  is  really  the  case.  Album  Grocom  is  firaquently  found 
fossilised  in  bone-caverns  which  have  been  used  as  hyaena  dens. 

AXmuwOM  or  JkXmumam.  (AUmm  (hi,)  Albumen  is  a  substance  which 
forms  a  constituent  part  of  the  animal  fluids  and  solids,  and  which  is  also  found  in  the 
vegetable  kingdom.  It  exists  nearly  pure  in  the  white  of  egg.  Albumen  'according 
to  several  an^yses  consists  of : — 

Oarbon 63*4 

Hjrdrogen 7*1 

Kitrogen     .        . 16*7 

'  Suli^ur 1*8 

Oxygen  (according  to  Litherkuhn)        .        .  22*1 

The  coagulation  of  albumen  by  heat  is  illustrated  in  the  boiling  of  an  e^  The 
salts  of  tin,  bismuth,  lead,  silver,  and  mercury  form  with  albumen  white  insoluble 
precipitates ;  therefore,  in  cases  of  poisoning  by  corrosive  sublimate,  nitrate  of  silver, 
or  sugar  of  lead,  the  white  of  egg  is  the  best  antidote  which  can  be  administered. 

Albumen  is  employed  for  dari^^ing  vinous  and  syrupy  liquids ;  when  boiled  with 
them  it  coagulates  and  entangles  the  colouring  matter,  either  falling  to  the  bottom 
or  floating  on  the  surface  of  the  fluid,  according  to  its  spedfio  piavity.  In  this  wav  it 
is  emplp^d,  especially  as  it  is  found  in  the  serum  of  blood,  in  sugar-reflning.  It  is 
also  used  in  fixing  the  colours  in  calico-printing.  It  is  employed  in  photography,  and 
mixed  with  recentiy  slaked  lime  it  forms  a  very  useful  cement,  becoming  in  a  short 
time  as  hard  as  stone. 

Ybcttabxb  Albuhrk  is  identical  in  composition  with  that  of  the  white  of  egg.  It 
is  abundant  in  nearly  all  the  roots  used  for  food,  as  the  potato,  turnip,  carrot,  &c.  It 
is  found  in  large  quantity  in  wheat-flour,  and  in  most  oleaginous  seeos.  See  Watts's 
*  Dictionary  of  Chemistry.' 

MSMUWaanMMD  WAWWau  A  paper  prepared  with  the  white  (^  eggfor  photo- 
graphic purposes.    See  Fbotoorafht. 

A&BinsnroilM.  A  term  applied  to  compounds  which  play  an  important  part 
in  the  econonqr  of  both  animal  and  vegetable  liia.  The  more  important  are  Aisuiouc, 
FiBsnr,  and  OisiEir. 

AliOftBAE^IIgt  Porous  earthenware  vessels  made  in  Spain  from  a  sandy  marl, 
and  but  slighUy  flred.  They  axe  used  fbr  cooling  liquors.  Those  vessels  are  made 
in  France  under  the  name  of  kjfdroeiramei ;  similar  kinds  of  earthenware  are  also 
manufactured  in  Staflbrdshire  and  Derbyshire. 

AlbCfflUR  A  family  of  sea-birds,  to  idiich  the  Guillemots  and  Penguins  belong. 
The  Patagonian  Penguin  is  larger  than  a  goose,  slate-coloured  on  the  ba^  and  white 
with  a  black  mark  on  the  breut,  endrded  by  a  dtion-yellow  cravat.  The  plumage 
is  very  dose,  and  the  breast  is  used  as  tij^pets  and  for  trimming  ladies'  dresses. 
The  black  Guillemot  ( I7na  ^yyO^)  also  yields  its  foathers  to  meet  th<»  requirements 
of  fashion. 

A&OOXOft.  {Aloool,  Vr.;  Jliohol,  or  Wemffeut,  Ger.)  The  word  alcokol  is 
derivedfrom  the  Hebrew  word  *  hokol,'  ^^^  to  fomt.  The  Oriental  females  were  and 
are  still  in  the  habit  of  painting  iha  eyebrows  with  various  pigments ;  theonegenerallv 
employed  was  a  preparation  of  antimoinr,  and  to  this  the  term  was  generally  appliea. 
It  beoune,  however,  gradually  extended  to  all  substances  used  for  the  purpose, 
and  ultimately  to  stooog  spirits,  iHiich  were  employed,  probably,  as  solvents 
for  certain  colouring  principles.  The  term  was  subsetjuently  exdusivelv  used 
to  designate  ardent  spints,  and  ultimately  the  radical  or  pnndple  upon  which  their 
strengui  depends. 

As  chemistry  advanced,  akoM  was  found  to  be  a  member  only  of  a  dass  of  bodies 
agreeing  with  it  in  general  characters ;  and  hence  the  term  is  now  generic,  and  we 
speak  (S  the  various  alcohols.  Of  t^ese,  common  or  vinous  alcohol  is  the  best  known ; 
and,  in  common  lifo,  by  *  alcoholic  liquors,'  we  invariably  mean  those  containing  the 
original  or  vinous  alcohol. 
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When  the  ehaneton  of  ordinaiy  alcohol  have  been  etated,  alhision  will  be  made  to 
the  daas  of  bodiee  of  which  this  is  the  type. 

Fennented  liquors  were  known  in  the  most  remote  ages  of  antiqnitj.  We  read 
(Genesis  ix.)  that  alter  the  flood  '  Noah  planted  a  yineyard,  and  he  drank  of  the 
wine  and  was  drunken.'  Homer,  who  certainly  lived  900  years  before  the  Christian 
era,  also  fireqnently  mentions  wino,  and  notices  its  effi»cts  on  the  body  and  mind 
(Odyssey  IX.  and  XXL);  and  Herodotus  tells  us  that  the  Egyptians  drank  a 
liquor  fermented  from  barley.  The  period  when  fermented  liquors  were  submitted 
to  distillation,  so  as  to  obtain  *  ardent  spiriU,*  is  shrondea  in  much  obscurity. 
Baymond  Lolly  *  was  acquainted  with  *  spirits  of  wine,'  which  he  called  aqua 
ardens.  The  separation  of  absolute  alcohol  would  appear  to  haye  been  first 
effected  about  this  period  (1800),  by  Amauld  do  Villeneuye,  a  celebrated  physician 
residing  in  Montpellier  (Gerhardi),  and  its  analysis  was  first  performed  by 
Th.  de  Saussnre.* 

The  preparation  of  alcohol  may  be  divided  into  three  stages : — 

1.  The  production  of  a  fermented  vinous  liquor— the  FermentaUon. 

2.  The  preparation  from  this  of  an  ardent  spirit — the  Distillation. 

3.  The  separation  from  this  ardent  spirit  of  the  last  traces  of  water — this 

Bectification. 

1.  Fermmtation,  The  term  'fenaentation'  is  now  applied  to  those  mysterious 
changes  which  vegetable  {and  animal)  substances  undergo  when  exposed,  at  a  certain 
tenroerature,  to  contact  with  organic  or  even  organised  bodies  in  a  state  of  change. 

There  are  several  bodies  whidi  saBet  these  metamorphoses,  and  under  the  influence 
of  a  great  number  of  diflfarent  exciting  substances,  which  are  termed  the  '  ferments ; ' 
moreover,  the  resulting  products  depend  greatly  upon  the  temperature  at  which  the 
diange  takes  place. 

The  earliest  known  and  best  studied  of  these  processes  is  the  one  commonly 
recognised  as  the  vinous  or  olcokolMfermmtaHon. 

In  this  process  solutions  containing  <tt^r— either  the  juice  of  the  grape  ^see 
Wnn)  or  an  infrision  of  germinated  barley,  malt  (see  Bbir)— are  mixed  witn  a 
suitable  quantity  of  a  ferment;  beer  or  wine  yeast  is  usually  employed  (see  Yu^sr), 
and  the  whole  maintained  at  a  temperature  of  between  70^  and  80^  F.  (21^'  to 
26«C.) 

Otber  bodies  in  a  state  of  putrefactiye  decomposition  will  effect  the  same  result  as 
theyeast,  such  as  putrid  blood,  white  of  egg,  &c. 

The  liquid  swells  up,  a  considerable  quantity  of  froth  collects  on  the  mihce,  and 
an  abundance  of  gas  is  disengaged,  which  is  ordinary  carbonic  acid  (GO*).  The 
composition  of  (pure)  alcohol  is  expressed  by  the  formula  0*  H*  0'  (O*  X*  O),  and  it 
is  produced  in  this  process  by  the  brealdng  up  of  grape  sugar,  C^  B}*  0*'.  2  HO 
(C*  M**  •*.  S*  O)  into  alcohol,  carbonic  add,  and  water,  thus : — 

C"  W^  0".  2H  0        -        2C«  H*  0«        + 

V , 1  ' , ' 

o*B>*o«.  s*o       -      acx*o       + 

It  is  invariably  the  grape  sugar  which  undergoes  this  change ;  if  the  solution  con- 
tains cane  sugar,  the  cane  sugar  is  first  converted  into  grape  sugar  under  the  influence 
of  the  ferment    See  Suoab. 

Mudi  diversity  of  opinion  exists  with  respect  to  the  office  which  the  ferment  per- 
forms in  this  process,  since  it  does  not  itself  yield  any  of  the  products.    See  Inss- 

XKNTATION. 

The  liquid  obtained  by  the  vinous  fermentation  has  received  difl^nt  ncunos, 
according  to  the  source  whence  the  saccharine  solution  was  derived.  When  pro- 
cured from  the  expressed  juice  of  fruits — such  as  ^pes,  currants,  gooseberries, 
&c--the  product  is  denominated  wine;  from  a  decoction  of  malt,  ale  or  beer;  from 
a  mixture  of  honey  and  water,  mead;  from  apples,  eider;  frt)m  the  leaves  and  small 
branches  of  spruce-fir  {Abies  excelsa,  drc),  together  with  sugar  or  treade,  spruce; 
from  rice,  rice  beer  (which  yields  the  spirit  arrack);  from  cocoa-nut  juice,  palm 
wine. 

It  is  an  interesting  £ict  that  alcohol  is  produced  in  veiy  considerable  quantities  (in 
the  aggregate)  during  the  raising  of  breao.  The  carbonic  acid  which  is  generated  in 
the  douglC  and  which  during  its  expulsion  raises  the  bread,  is  one  of  the  products  of 
the  fermentation  of  the  sugar  in  the  flour,  under  the  influence  of  the  yeast  added ; 
and  of  oonrse  at  the  same  time  the  complementary  product,  alcohol,  is  generated.    As 

'  Tbomson't  History  of  Chemiatry,  L  41.  (1880).  *  Aniialef  de  Chimte,  xUl.  tii. 
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Messn.  Ronalds  and  Bichardson  remark :  *  '  the  ononnons  amount  of  bread  that  is 
baked  in  large  towns — ^in  London,  for  instance,  8'8  millions  of  cwts.  yearly— would 
render  the  small  amount  of  alcohol  contained  in  it  of  sufficient  importance  to  be  worth 
collecting,  proTided  this  could  be  done  sufficiently  cheaply.'  In  liondon  it  has  been 
estimated  tnat  in  this  way  about  300,000  gallons  of  spirit  are  annually  lost ;  but  tho 
cost  of  collecting  it  would  fiir  exceed  its  T^ue. 

2.  JHsHUaiion,  By  the  process  of  diiiiUiUum,  ardent  tpiriU  are  obtained,  which 
hare  likewise  received  di£^nt  names  according  to  the  sources  whence  the  fermented 
liquor  has  been  derired :  vis.  that  produced  by  the  distillation  of  wine  being  called 
tmrndyt  and  in  France  cognac^  or  son  devie;  that  produced  by  the  distillation  of  the 
fermented  liquor  from  sugar  and  molasses,  rum.  There  are  seyeral  yarieties  of  spirits 
made  from  Uie  fermented  liquor  produced  from  the  cereals  (and  especially  barley), 
known  according  to  their  pe^iliar  methods  of  manufSMture,  flayour,  &c. — as  wkiaky, 
gin,  Hollands— the  various  compounds  and  liqueurs.  In  India,  the  spirit  obtained 
from  a  fermented  inftision  of  rice  is  called  armek, 

8.  RecHfioation  ;  preparation  of  absolute  aloohoL  It  is  impossible  by  distillation 
alone  to  deprive  spirit  of  the  whole  of  the  water  and  other  impurities — to  obtain,  in 
&ot,  fure  or  absolute  aloohoL 

This  is  efl^ted  by  mixing  with  the  liquid  obtained  after  one  or  two  distillations, 
certain  bodies  whicn  have  a  powerful  attraction  for  water.  The  agents  commonly 
employed  for  this  purpose  are  quicklime,  carbonate  of  potash,  anhydrous  sulphate  of 
copper,  or  chloride  of  calcium.  Perhaps  the  best  adapted  for  the  purpose,  especially 
where  large  quantities  are  required,  is  quicklime ;  it  is  powdered,  mixed  in  the  retort 
with  the  spint  (previously  twice  distilled),  and  the  neck  of  t^e  retort  being  securely 
dosed,  the  whole  is  left  for  24  hours,  with  occasional  shaking ;  during  this  period  the 
lime  combines  with  the  water,  and  then  on  carefblly  distilling,  avoiding  to  continue 
the  process  until  the  last  potions  come  over,  an  idcohol  is  obtained  which  is  free 
frfom  water.    If  not  quite  firee,  the  same  process  may  be  again  repeated. 

In  experiments  on  a  small  scale,  an  ordinary  glass  retort  may  be  employed,  heated 
by  a  water-bath,  and  fitted  to  a  Liebig's  condenser  cooled  by  ice-water,  which  passes 
lastly  into  a  glass  receiver,  similarly  cooled. 

Although  alcohol  of  sufficient  purity  for  most  practical  purposes  can  be  readily 
obtained,  yet  the  task  of  procuring  absolute  alcohol  entirely  firee  from  a  trace  of  water, 
is  by  no  means  an  eairir  one. 

Mr.  Brinkwater'  eflbcted  this  by  digesting  (Hrdinarv  alcohol  of  specific  gravity  *850 
at  60^  F.  for  24  hours  with  carbonate  of  potesh  previously  exposed  to  a  red  heat ;  the 
alcohol  was  then  carefully  poured  off  and  mixed  m  a  retort  with  as  much  fresh-burnt 
quicklime  as  was  sufficient  to  absorb  the  whole  of  the  alcohol ;  after  digesting  for  48 
hours,  it  was  sloiriv  distilled  in  a  water-bath  at  a  temperature  of  about  180^  F.  This 
alcohol  was  careftuly  redistilled,  and  its  specific  gravity  at  60^  F.  found  to  be  *7947, 
which  closely  agrees  with  that  given  by  6ay-Lussac  as  the  spedfie  gravity  of 
absolute  alcohoL  He  found,  m<»eoy6r,  that  recentl]r  ignited  anhyorous  sulphate  of 
copper  was  a  less  efficient  dehydrating  agent  than  quiddime. 

(^ham  recommends  that  the  quantity  of  lime  employed  should  norer  exceed 
three  times  the  weight  of  the  alcohol. 

Chloride  of  caldum  is  not  so  well  adapted  for  the  purification  of  alcohol,  since  the 
alcohol  forms  a  compound  with  this  salt 

Many  other  processes  have  been  suggested  for  depriving  alcohol  of  its  water. 

A  curious  process  was  proposed  many  years  ago  by  Soemmering,*  which  is  depen- 
dent upon  the  peculiar  &ct>  that  whilst  water  moistens  animal  tissues,  alcohol  does 
not,  but  tends  rather  to  abstract  water  from  them.  If  a  mixture  of  alcohol  and  water 
be  enclosed  in  an  ox  bladder,  the  water  gradually  traverses  the  membrane  and  evapo- 
rates, whilst  the  alcohol  does  iiot»  and  consequently  by  the  loss  of  water  the  s^arituous 
solution  becomes  concentrated. 

This  process,  though  an  interesting  illustration  of  exosmose,  is  not  practically  ap- 
plicable to  the  production  of  anhydrous  alcohol ;  it  is,  however,  an  economical  method, 
and  well  suited  for  obtaining  alcohol  for  the  preparation  of  varnishes.  Smugglers, 
who  bring  spirits  into  France  in  bladders  hid  about  their  persons,  have  long  known, 
that  althou^  the  liquor  decreased  in  bulk,  yet  it  increased  in  strength ;  hence  the 
people  preferred  the  artide  conveyed  clandestinely.  Professor  Graham  ingeniously 
proposed  to  concentrate  alcohol  as  follows : — 

*  A  large  shallow  basin  is  covered,  to  a  small  depth,  with  recently  burnt  quick- 
lime, in  coarse  powder,  and  a  smaller  basin,  containing  three  or  four  ounces  of  com- 

*  Ohmiotl Technology, bj  Dr. 9. KiMpp :  edited  bjMeHni.Boiialds  snd Blohsrdioii.  Y0I.UI.  199.  ' 

*  On  tlw  Preptntton  of  Abtohite  Aloohol,  and  tlM  Ccmpovltioii  of  Proof  ^trlt.  See  Memotn  of 
the  Ghenkil  Sodetr,  vol.  iU.  p.  447. 


1  d.  k.  Akad.  d.  Wiascnschaftm  sa  Mttnchen,*  1711  to  1824. 
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mezdal  alcohol,  is  made  to  lest  upon  the  lime ;  the  whole  is  placed  under  the  low 
leoeiYer  of  an  air-pomp,  and  the  eschaustion  continued  till  the  alcohol  eyinces  signs 
cf  ehullition.  Of  the  mingled  yapours  of  alcohol  and  water  which  now  fill  the  re- 
eeirer,  the  quicklime  is  capable  <n  uniting  with  the  aqueous  only,  which  is  therefore 
zapidly  withdrawn,  while  the  alcohol  yapour  is  unaffected ;  and  as  water  cannot 
remain  in  the  alcohol  as  long  as  the  superincumbent  atmosphere  is  devoid  of 
moisture,  more  aqueous  yaipour  rises,  which  is  likewise  abstracted  by  the  lime,  and 
thus  the  process  goes  on  till  the  whole  of  Uie  water  in  the  alcohol  is  remored.  Seyeral 
days  are  always  required  for  this  purpose.' 

Properties  of  JlooM  (Abeoluie), 

In  the  state  of  purity,  alcohol  is  a  colourless  liquid,  hig^ily  inflammable,  burning 
with  a  pale  blue  flame,  yery  volatile,  and  haying  a  density  of  0*792  at  16*6^  C.  (60^ 
F.)  (Drmkwater).  It  boils  at  78*4^  C.  (178^  F.)  It  has  never  yet  been  solidified, 
and  the  density  of  its  yapour  is  1*6188. 

Anhydrous  alcohol  is  composed  by  wei^t  of  52*18  carbon,  13*04  hydrogen,  and 
34-78  of  oxygen.  It  has  for  ito  formula  O  H<  O*  »  0^  H*  O  +  HO,  or  hydrated  oxide 
of  ethyle.  It  has  a  powerfU  affinity  for  water,  removing  the  water  from  moist 
substances  with  which  it  is  brought  in  contact.  In  consequence  of  this  property, 
it  attracts  water  from  the  air,  and  rapidly  becomes  weaker,  unless  kept  in  very  well- 
stopped  vessels.  In  virtue  of  its  attraction  for  water,  alcohol  is  very  valuable  for  the 
preservation  of  orgimio  substances,  and  especially  %f  anatomical  preparations,  in  con- 
sequenoe  of  its  causing  the  coa^;ulation  of  albuminous  substances ;  and  for  the  same 
reason  it  causes  death  when  iigected  into  the  veins. 

When  mixed  with  water  a  considerable  amount  of  heat  is  evolved,  and  a  remark- 
able oontzaction  of  volume  is  observed,  these  effects  being  greatest  with  64  per 
cent,  of  alcohol  and  46  of  water,  and  thence  decnwring  with  a  greater  proportion  of 
water.  For  alcohol  which  contains  90  per  cent,  of  water,  this  condensation  amounts 
to  1*94  per  cent  of  the  volume ;  for  80  per  cent,  2*87 ;  for  70  per  cent,  3*44 ;  for  60 
per  cent.,  373 ;  for  40  per  cent,  3*44 ;  for  30  per  cent,  2*72 ;  for  20  per  cent,  1*72 ; 
ibr  10  per  cent,  0*72. 

Alconol  is  prepared  absolute  for  certain  purposes,  but  the  mixtures  of  alcohol  and 
water  eommonly  met  with  in  commerce  are  of  an  inferior  stzength.  Those  commonly 
sold  are  '  Bectifled  Spirit '  and  <  Proof  Spirit' 

*  Proof  Spirit'  is  defined  by  Act  of  Parliament,  68  Geo.  IIL  c  28,  to  be  <  such  as 
shall,  at  the  temperature  of  fifty-one  degrees  of  Fahrenheit's  thermometer,  weigh 
exa^ly  twelve-thirteenth  narts  of  an  equal  measure  of  distilled  water.'  And  by 
veiy  eareftil  experiment  Mr,  Drinkwater  has  determined  that  this  proof  spirit  has 
the  following  composition : — 


Aloobol  sad  Water 

Spedlle  Qravitj 

Bulk  of  the  mixture 
of  100  meanint  of 
AlooboLand  81-83 

Sjwdght 

BjmemBon 

Aloobol         Water 

100   +    10309 

49*24  +     60*76 

Alcohol           Water 
100     +     81*82 

•919 

176*26 

Spirit  which  is  weaker  is  called  *  under  proof;'  and  that  stronger,  *  above  proof.' 
The  origin  of  these  terms  is  as  follows : — Formerly  a  yery  rude  mcMo  of  ascertaining 
the  strength  of  spirits  was  practised,  called  the  proof;  the  spirit  was  poured  upon 
gunpowder  and  inflamed.  Jf,  at  the  end  of  the  combustion,  the  gunpowder  took  fire, 
the  spirit  was  said  to  be  above  or  over  proof  But  if  the  spirit  contained  much  water, 
the  powder  was  rendered  so  moist  that  it  did  not  take  fire :  in  which  case  the  spirit 
was  said  to  be  under  or  below  proof 

Beetled  spirit  contains  from  64  to  64  per  cent  of  absolute  alcohol ;  and  its  specific 
gravity  is  fixed  by  the  London  and  £dinbiac^  Colleges  of  Physicians  at  0*838,  whilst 
the  Dublin  Colleffe  fixes  it  at  0*840. 

In  oommeroe  the  strength  of  mixtures  of  alcohol  and  water  are  stated  at  so  many 
d^rees,  according  to  S^Ms  hydrometer ^  above  or  below  procf.  This  instrument  will  be 
chained  under  the  head  of  Alooholokstbt. 

As  will  have  been  understood  by  the  preceding  remarks,  the  specific  gravity  or 
densilj  of  mixtues  of  alcohol  and  water  rises  with  the  diminution  of  the  quantity  of 
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alcohol  proBent;  or,  in  other  words,  with  the  amount  of  water.  And  since  the 
strength  of  epirita  is  determined  by  ascertaining  their  density,  it  becomes  highly  im- 
portant to  determine  the  precise  ratio  of  this  increase.  This  increase  in  density  with 
the  amount  of  water,  or  diminution  with  the  quantity  of  alcohol,  is,  however,  not 
directly  proportional,  in  consequence  of  the  contmctiou  of  yolume  which  mixtures  of 
alcohol  and  water  sufl^. 

It  therefore  became  neoessa)^  to  determine  the  density  of  mixtures  of  known 
composition,  prepared  artifidnUy.  This  has  been  done  with  great  care  by  Mr, 
Dri^cwater ;  >  aua  the  following  Table  by  him  is  recommended  as  one  of  the  most 
accurate  I— 


TabUo/tke 


o/Moohol,  BY  wuQHT,  oonUimed  in  Mixturts  o/Moohol  and 
'itUer  qf  the  following  Specifio  Gravities:-^ 


Speolflo 

QraritTftt 

6(PP. 

Alcohol 
peroent. 

weight. 

Spedflo 
at60»F. 

Aloohol 
percent. 

by 
weight. 

E^^edflo 
Gravltar 
at60»F. 

Alcohol 
percent. 

A. 

Specific 
GniTi^ 
at60»F. 

Alcohol 
wdght. 

Spedflo 
Gravity 
«t60«»F. 

Alcohol 
percent. 

by 
weight. 

10000 

000 

•9967 

1-78 

•9934 

3*67 

•9901 

6*70 

•9869 

7-85 

•9099 

0*06 

•9966 

1-88 

•9988 

8*73 

•9900 

5-77 

•9868 

7-92 

•9998 

Oil 

•9966 

189 

•9982 

8*78 

•9899 

5-88 

•9867 

7*99 

•9997 

016 

•9964 

1^94 

•9981 

3*84 

•9898 

6*89 

•9866 

806 

•9996 

0-21 

•9968 

1-99 

•9980 

8*90 

•9897 

5-96 

•9866 

818 

-9996 

0*26 

•9962 

2-06 

•9929 

896 

•9896 

602 

•9864 

8*20 

•9994 

0-32 

•9961 

211 

•9928 

402 

•9895 

6*09 

•9868 

8*27 

•9998 

0-87 

•9960 

217 

•9927 

4*08 

•9894 

6-15 

9862 

8-34 

•9992 

0-42 

•9969 

2-22 

•9926 

414 

•9898 

6-22 

•9861 

8*41 

•9991 

0-47 

•9968 

2-28 

•9926 

4*20 

•9892 

629 

•9860 

8*48 

•9990 

0-68 

•9967 

2-84 

•9924 

4-27 

•9891 

6*85 

•9859 

8*55 

•9989 

0-68 

•9966 

2-39 

•9923 

4*88 

•9890 

6-42 

•9858 

8*62 

•9988 

0-64 

•9966 

2-46 

•9922 

489 

•9889 

6-49 

•9867 

8-70 

•9987 

0-69 

•9964 

2*61 

•9921 

4-46 

•9888 

6*55 

•9866 

8*77 

•9986 

0-74 

•9968 

2-67 

•9920 

4-51 

•9887 

6*62 

•9856 

8*84 

•9985 

0-80 

•9962 

2*62 

•9919 

4-57 

•9886 

6*69 

•9854 

8^91 

•9984 

0-86 

•9961 

268 

•9918 

4^64 

•9885 

6-75 

•9858 

8*98 

•9988 

0^91 

•9960 

2*74 

•9917 

4*70 

•9884 

6*82 

•9852 

9*05 

•9982 

0-96 

•9949 

2-79 

•9916 

4*76 

•9883 

6-89 

•9861 

912 

•9981 

102 

•9948 

2*85 

•9915 

4^82 

•9882 

6-95 

•9860 

9*20 

•9980 

1^07 

•9947 

2*91 

•9914 

4*88 

•9881 

7-02 

•9849 

9-27 

•9979 

112 

•9946 

2*97 

•9913 

4*94 

•9880 

7*09 

•9848 

9*84 

•9978 

118 

•994/^ 

3*02 

•9912 

501 

•9879 

716 

•9847 

9*41 

•9977 

1-28 

•9944 

808 

•9911 

5*07 

•9878 

7-28 

•9846 

9*49 

•9976 

1-29 

•9943 

814 

•9910 

618 

•9877 

7-80 

•9845 

9-56 

•9976 

134 

•9942 

8*20 

•9909 

620 

•9876 

7-37 

•9844 

9-68 

•9974 

140 

•9941 

3*26 

•9908 

5*26 

•9876 

7*48 

•9848 

9*70 

•9978 

1*46 

•9940 

8*82 

•9907 

5*82 

•9874 

7-50 

•9842 

9*78 

•9972 

1-61 

•9989 

8-87 

•9906 

6*39 

•9878 

7-57 

•9841 

9*85 

•9971 

166 

•9988 

8*48 

•9906 

5*45 

•9872 

7*64 

•9840 

9*92 

•9970 

1-61 

•9987 

8*49 

•9904 

5-51 

•9871 

7-71 

•9839 

9*99 

•9969 

167 

•9986 

8-55 

•9908 

6*58 

•9870 

7^78 

•9888 

10*07 

•9968 

178 

•9986 

8*61 

•9902 

5*64 

The  preceding  Table,  though  very  accurate  as  £Bir  as  it  goes,  is  not  sufficiently 
extensire  for  practical  purposes,  only  going,  in  tact,  from  6  to  10  per  cent,  of  alcohol ; 
the  Table  of  TraUe's  (page  50^  extends  to  50  ]^r  cent  of  absolute  alcohol. 

Moreorer,  Brinkwater's  Table  has  the  (practical)  disadyantage  (though  scientifically 
more  correct  and  useftd)  of  stating  the  ^-centage  by  weign ;  whereas  in  Trailed 
Table  it  is  given  by  volume.  And  since  liquors  are  yended  by  measure,  and  not  by 
weight,  the  centemmal  amount  by  volume  is  usualljr  preferred.  But  as  the  bulk  of 
liquids  generally,  and  particularly  that  of  alcohol,  is  increased  by  heat,  it  is  necessaiy 
that  the  statement  of  tne  density  in  a  certain  volume  should  have  reference  to  some 
normal  temperature.    In  the  construction  of  TraUe's  Table  the  temperature  of  the 

»  Hemobs  o(  theObemlcal  Bodety,  vol.  Ui.  p.  454, 
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liquids  was  W^  F. ;  and  of  oomse,  in  using  it^  it  is  necessary  that  the  density  should 
be  obserred  at  that  tempeiatore. 

In  order  to  conyert  the  statement  of  the  composition  by  volume  into  the  content  by 
ireig^  it  is  only  necessary  to  multiply  the  per-centage  of  alcohol  by  yolume  by  the 
specific  grayity  of  absolute  alcohol,  and  then  diyide  by  the  specific  gravity  of  the 
Hquid. 

It  has  been  thought  desirable  to  retain  the  following  remarks  by  Dr.  Ure,  and  to 
gire  Mr.  Gilpin's  l^bles  in  addition  to  the  others. 

The  importance  of  extreme  accuracy  in  determining  the  densit^r  of  alcoholic  mix- 
tures in  the  United  Kingdom,  on  account  of  the  great  reyenue  derived  £rom  them  to 
the  State,  and  their  consequent  high  price  in  commerce,  induced  the  Lords  of  the 
Tnbmav  a  few  years  ago  to  request  the  Boyal  Society  to  examine  the  construction 
and  mode  of  applying;  ttie  instrument  now  in  use  for  ascertaining  and  charging  the 
dn^  on  spirits.  This  instrument,  which  is  known  and  described  m  the  lawas  Sikes's 
hydsometer,  possoaeos,  in  many  respects,  decided  adyantaffes  over  those  formerly  in 
use.  The  committee  of  the  Boyal  Society  state,  that  a  definite  mixture  of  alcohol 
and  water  is  as  inyariable  in  its  value  as  absolute  alcohol  can  be ;  and  can  be  more 
readily,  and  with  equal  accuracy,  identified  by  that  only  quality  or  condition  to  which 
recourse  can  be  haid  in  practice,  namely,  specific  gpnvity.  The  committee  further 
proposed,  that  the  standara  spirit  be  that  which,  consisting  of  alcohol  and  water  alone, 
shall  have  a  specific  gravity  of  0*92  at  the  temperature  of  62^  F.,  water  being  uni^  at 
tlie  same  temperature ;  or,  in  other  words,  that  it  shall  at  62^  weigh  ^ths  or  gths 
of  an  equal  bulk  of  water  at  the  same  temperature. 

This  standard  is  rather  stronger  than  the  old  proof,  which  was  }|ths  or  0*928  ;  or 
in  the  proportion  of  nearly  1*1  gallon  of  the  present  proof  spirit  per  cent.  The  pro- 
posed standard  will  contain  nearly  one-half  by  weight  of  absolute  alcohol.  The 
nydrometer  ought  to  be  so  graduated  as  to  g^ve  the  indication  of  strength ;  not  upon 
an  arbitzary  s<»le,  but  in  terms  of  specific  gravity  at  the  temperature  of  62^. 

The  committee  recommend  the  construction  of  an  equation  table,  which  shall 
indicBtte  the  same  strength  of  spirit  at  eyaiy  temperature.  Thus  in  stands^  spirit 
at  62^  the  l^drometer  would  indicate  920,  wmdi  in  this  table  would  give  proof 
spirit.  If  that  same  spirit  were  cooled  to  40^,  the  hydrometer  would  inmcate 
some  higher  number;  but  iduch,  being  combined  in  the  table  with  the  temperature 
as  indicated  by  the  thermometer,  should  still  give  proof  or  standard  spirit  as  tiie 
result. 

It  is  considered  advisable,  in  this  and  the  other  tables,  not  to  express  the  quality 
of  the  spirit  by  any  number  over  or  under  proof,  but  to  indicate  at  once  the  number 
of  gallons  of  standard  spirit  contained  in,  or  equivalent  to,  100  flallons  of  the 
spirit  under  examination.  Thus,  instead  of  saying  28  over  proof,  it  is  proposed 
to  insert  128 ;  and  in  place  of  85*4  under  proof,  to  insert  its  difierence  to  100, 
or  04-tf. 

It  has  been  considered  expedient  to  recommend  a  second  table  to  be  constructed, 
so  as  to  show  the  bulk  of  spirit  of  any  strength  at  any  temperature,  relative  to  a 
standard  bulk  of  100  gallons  at  62^.  In  this  table  a  spirit  iHuch  had  ddminished  in 
vofaune,  at  any  given  temnerature,  0*7  per  cent.,  for  example,  would  be  expressed  by 
99*8 ;  and  a  spirit  which  had  increased  at  any  given  temperature  0*7  per  cent,  by 
100*7. 

When  a  sample  of  spirit,  therefore,  has  been  examined  by  the  hydrometer  and 
thermometer,  these  tables  will  give  first  the  proportion  of  standard  spirit  at  the  ob- 
served temperature,  and  next  iS»  change  of  bulk  of  such  spirit  from  what  it  would  be 
at  the  standard  temperature.  Thus  at  the  temperature  of  51°,  and  with  an  indication 
(speciflc  gravity)  of  8,240, 100  gallons  of  the  spirit  under  e^mmination  would  be  shown 
by  the  first  table  to  be  equal  to  164*8  gallons  of  standard  spirit  of  that  temperature ; 
and  by  the  second  table  it  would  appear  that  99*8  gallons  of  the  same  spirit  would 
become  100  at  62^,  or  in  reality  contain  the  164*8  gallons  of  spirit  in  that  state  only 
in  idiich  it  is  to  be  taxed. 

But  as  it  is  considered  that  neither  of  these  tables  can  alone  be  used  for  charging 
the  duty  (for  neither  can  express  the  actual  quantity  of  spirit  of  a  specific  gravity  (? 
0-92  at  62^  in  100  gallons  of  stronger  or  weaker  spirit  at  temperatures  above  or  below 
62^X  ^^  ^  considered  essential  to  have  a  third  table,  combining  the  two  former,  and 
expressing  this  relation  direcUy,  so  that  upon  mere  inspection  it  shall  indicate  the 
proportion  of  standard  spirit  in  100  gallons  of  that  under  examination  in  its  then 
present  state.  In  this  table  the  quantities  should  be  set  down  in  the  actual  number 
of  gallons  of  standard  spirit  at  62^,  equivalent  to  100  of  the  spirit  under  examination ; 
an?  the  column  of  quantities  may  be  expressed  by  the  term  valuer  as  it  in  reality  ex- 
presses the  proportion  of  the  only  valuable  substance  present 

The  following  specimen  Table  hAs  been  given  by  the  committee  *.— 
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TemptntanTfto 

Btrength 

YAlna 

Indloatlon 

Strength 

Yatoa 

9074 

114-6 

8941 

114-6 

.  114-3 

4 

114-8 

114-2 

5 

114-2 

81 

114-0 

8 

114-0 

118*9 

9 

118-9 

118-7 

62 

118-7 

118-6 

8 

118-6 

118-4 

6 

118-4 

90 

118-8 

7 

118-8 

8 

1181 

9 

118-1 

The  mixture  of  alcohol  and  irater,  taken  as  srorit  in  Mr.  Gilpin's  Tables,  is  that 
of  -which  the  specific  graTity  is  0*826  at  60^  £*.»  water  being  onitj  at  the  same 
temperatore.  The  spedfio  grayity  of  irater  at  60^  beinff  1,000,  at  62^'  it  is  99,981. 
Henoe,  in  order  to  compare  the  specific  ^Titles  giyen  by  Mr.  Ctilpin  idth  those 
wliioh  would  result  when  the  specific  grayitj  of  water  at  62^  is  taken  at  unity,  all  the 
former  numbers  most  be  diyidad  by  99,981. 

TabU  qftke  Specifie  GrMiiiM  ofdiglamt  M%xtwre$,  bt  wuoht,  of  Alcohd  and  Water, 
at  iiffemU  TsmperaiwreB ;  canetruoted  by  Mr,  Oilpin,  for  the  use  qf  the  British 
Bevenme  on  Spirue, 


i 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

6^ 

Pme 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Aloohol 

Aloohol 

Aloohol 

Aloohol 

Aloohol 

S2 

Alcohol 

ft 

10 

16 

20 

2ft 

80 

88 

40 

46 

ftO 

1 

Wster 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

'^- 

0-8889S 

0-8490ft 

0^8ft9ft7 

0^8682ft 

O^STftSft 

0-88282 

0-88921 

©•89611 

©•900ft4 

©•90668 

©•91028 

8ft 

•88072 

•84788 

•88729 

•86887 

•87867 

•88089 

•88701 

•89294 

•9084ft 

•90811 

40 

*8844ft 

•84ftS8 

•86807 

•86861 

•87184 

•87888 

•88481 

•89078 

•89617 

•90127 

•90696 

4ft 

*88314 

•84810 

•88277 

•86181 

•86906 

•87618 

•88266 

•88849 

•89896 

•89909 

•90880 

SO 

•82077 

•84076 

•88042 

•88902 

•86676 

•87984 

•88080 

•88626 

•89174 

•89684 

•90160 

ftft 

•8878S 

•88884 

•84802 

•88664 

•86441 

•SHftO 

•87796 

•88308 

•88946 

•89468 

•89988 

SO 

•8Sft00 

•88ft99 

•84868 

•8^480 

•86208 

•86918 

•87669 

•88169 

•88720 

•89282 

•89707 

6ff 

•82262 

•88862 

•84884 

•88198 

•86976 

•86686 

•87887 

•87988 

•88490 

•89006 

•89479 

70 

•82028 

•88124 

•84093 

•84981 

•86786 

•86461 

•8710ft 

•87708 

•88264 

•88778 

•89262 

7ft 

•81780 

•82878 

•88881 

-84no 

•86496 

•86212 

•86864 

•87466 

•88018 

•88688 

•89018 

80 

•81ft80 

•82681 

•88608 

•84467 

•86248 

•86966 

•86622 

•87228 

•87n6 

•88801 

•88781 

8ft 

•81281 

•82886 

•88871 

•84248 

•86086 

•86767 

•86411 

•87021 

•87890 

•88120 

•88609 

M 

•81044 

•821ftO 

•88126 

-84001 

•84797 

•86618 

•86172 

•86787 

•87860 

•87889 

•88876 

•ft 

•80794 

•81800 

•828n 

•88788 

•84660 

•86272 

•86928 

•86842 

•87114 

-87684 

•88146 

100 

•80648 

•81667 

•82888 

•88818 

•84088 

•86081 

•88688 

•86802 

•86879 

•87421 

•87916 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

T-j^j™. 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Aloohol 

Aioohd 

Alcohol 

Alcohol 

Alcohol 

AJcohol 

ftft 

60 

68 

70 

76 

80 

88 

90 

96 

100 

Water 

Water 

Water 

Water 

Water 

Wattt 

Wattt 

Wattt 

Water 

Water 

"t' 

0-91449 

0^91847 

©•92217 

©•92868 

0^92889 

0^98191 

©•98474 

0^98741 

©•98991 

0^M222 

8ft 

•91241 

•91640 

•92009 

•92868 

•92680 

•92966 

•98274 

•98641 

•98790 

•94025 

40 

•91026 

•91428 
•91211 

•91799 
•91ft84 

•92181 
•91987 

•92476 
•92264 

•92788 

•98072 

•988a 

•98692 

•98827 

4ft 

•90812 

•92870 

•92889 

•98181 

•98882 

•98621 

ftO 

•90696 

•90997 

•91870 

•91728 

•92061 

•92888 

•92647 

•92919 

•98177 

•98419 

ftft 

•90867 

•90768 

•91144 

•91802 

•91887 

•9214ft 

•92486 

•92707 

•92968 

•98206 

SO 

•90144 

•90649 

•90927 

•91287 

•91622 

•91988 

•92228 

•92499 

•92768 

•98002 

Sft 

•89920 

•90828 

•90707 

•91066 

•91400 

-91716 

•92010 

•92288 

•92646 

•92794 

70 

•89696 

•90104 

•90484 

•90647 

•91181 

•91498 

•91798 

•92069 

•92888 

•92680 

7ft 

•89464 

•89872 

•90282 

•90617 

•90962 

-91270 

•91869 

•91849 

•921U 

•92864 

80 

••8922ft 

•89689 

•90021 

*9088ft 

•90728 

•91046 

•91840 

•91622 

•91891 

•92142 

Sft 

•88048 

•89460 

•888tt 

•90209 

•90688 

•90882 

•91186 

•91466 

•91729 

•91969 

SO 

•88817 

•89280 

•89617 

•89988 

•90842 

•90688 

•90967 

•91248 

•91811 

•91781 

•ft 

•88588 

•89008 

•88880 

•89768 

•90119 

•90448 

•90747 

•91029 

•91290 

•91881 

100 

•888S71 

•88769 

•88188 

•88886 

•88689 

•90218 

•90622 

•90606 

•91066 

•91810 

Sf  fpecUlcgnTitj. 
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TWe  i^tli$  8f¥^  GravUiss  qf  different  Mixtures, 

fc.  (cent 

tiiiuod.) 

II 

•ft 

90 

8ft 

80 

7« 

70 

66 

60 

55 

60 

11 

Atooliol 

Alcohol 

Alcohol 

AJoohdl 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

Alcohol 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

^ 

0-M447 

0-94675 

0^920 

0-96178 

0-96439 

0-96681 

0*96944 

6*96209 

0-96470 

0-96n9 

S5 

-94M8 

•94484 

•94784 

•94988 

•96246 

•96603 

•96773 

•96048 

•96816 

•96679 

40 

•MOftS 

•94396 

•94547 

•94808 

•96060 

•96838 

•96603 

•96879 

•96169 

•96484 

45 

*M8iO 

•94006 

•94848 

•9460ft 

•94871 

•96148 

•96428 

•96703 

•96998 

•96280 

60 

•91688 

•98897 

•94148 

•94414 

•94688 

•94968 

•96248 

•96684 

•96881 

•96126 

W 

•sitfs 

•98696 

•88948 

•04318 

•94486 

•94767 

•96067 

•96867 

•96662 

•96966 

eo 

t8H7 

•98498 

•88748 

•94018 

•94396 

•94679 

•94876 

•96181 

•96498 

•96804 

« 

•96010 

•98888 

•98548 

•98833 

•94888 

•94689 

•96000 

•86818 

70 

•9S8S8 

•98076 

•98887 

•98616 

•98898 

•94198 

•94600 

•94818 

•96189 

•96469 

75 

'92818 

•98865 

•88188 

•98418 

•08696 

•98989 

•94801 

•94628 

•94967 

•96292 

80 

•9»98 

•926A6 

•88817 

•98301 

•98488 

-9S786 

•94103 

•94481 

•94768 

•95111 

45 

40 

8ft 

80 

35 

30 

15 

10 

0 

Temjjjjo^ 

AlnnhA) 

Alcohol 

Al^hAl 

Alcohol 

Alcohol 

Aloohd 

Alcohol 

Alcohol 

Alcohol 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

SO 

O^97S00 

0^97418 

1  ' 
0^97685 

0^97860 

0^98108 

0^98418 

0-98804 

0^99884 

0^96967 

» 

•96840 

•97066 

•97819 

•97666 

•97801 

•98076 

•96897 

•96804 

40 

•96708 

•96967 

•97230 

•97478 

•97787 

•96878 

•9879ft 

•99846 

4ft 

•96368 

•96840 

•OHIO 

•97884 

•97666 

•97980 

•98888 

•98774 

M 

•96480 

•96708 

•06995 

•97384 

•97689 

•97930 

•98398 

•9874ft 

•99816 

W 

•96878 

•96675 

•968n 

•9n81 

•97600 

•97847 

•98389 

•98703 

•99984 

60 

•96182 

•96487 

•96763 

•97074 

•97410 

•98176 

•98664 

•99344 

6ft 

-98968 

•96S88 

•96630 

•96969 

•97800 

•97688 

•96106 

•98494 

•99194 

70 

•95808 

•96148 

•96484 

•96886 

•97308 

•97696 

•98038 

•98637 

•99184 

7ft 

•95987 

•96844 

•96708 

•97086 

•97495 

•97948 

•98464 

•99068 

80 

•86467 

•95816 

•96193 

•flMAft 

•86968 

•97885 

•97845 

•98867 

•98991 

KipyimimtB  were  made,  by  direction  of  the  oommittee,  to  yeriiy  Gilpin'8  Tablei, 
wliidi  showed  that  the  enor  intxodnced  in  aeoertaining  the  strength  oi  spizits  by 
Tables  fiwnded  on  Gilpin's  niunben  mnst  be  qoite  insensible  in  the  pzaetioe  oi  the 
BeTttDoe.  The  discrepancies  thns  detected,  on  a  mixture  of  a^yen  strengUi*  did  not 
amount  in  any  one  instance  to  unity  in  the  fonrth  place  of  decimals.  'Ftm.  a  eareftil 
inspection  of  snch  docnments  the  committee  are  of  opinion  that  Gilpin's  Tables  possess 
a  degree  of  aosni»cy  &r  snrpassing  what  oonld  be  expected,  and  snfficienUy  perfect 
for  all  prsdacal  or  soientifie  purposes. 

Tlie  ibUowing  Table  is  giyen  by  Hr.  Lnbbodc,  tot  oonTerting  the  tifpmmt  spedfio 
grayity,  or  indication,  into  true  spedflc  graVity  :-^ 


•98 

•97 
•96 

•St 
'MO 


Ttenperstuw 


80» 


-00668 
•00084 
•00065 


•00067 
•00068 


•00094 


•oiin 


•00086 


•OOOSl 


87*        48»        4r        53*»        5r     6y>     67®        73»        7r» 


•00066 


•00066 

•00067 
•00068 
•00069 

•00070 
•00070 
•00071 
•00873 
•00078 


•00078 
•00074 
•00075 
•00076 


•00081 


•00089 
•00089 

•00040 


•00041 
•00041 


•00043 
•00048 

•00048 


•00044 


•00045 

•00045 


•00047 
•00047 


•00036 

•00026 
•00026 


•00026 
•00037 

•00037 
•00037 
•00038 


•00038 


•00036 
•00039 
•00039 


•00080 


Vol.  I. 


•00081 


£ 


•00013 
•O0018 
•00018 
•O0018 
•00018 
•00018 
•00018 
•00018 
•00014 
•00014 
-00014 
•00014 
•00014 
•00014 
•00014 
•00015 
•00015 
•00015 
•00015 


•00011 
•00013 
•00013 
•00013 
•00013 
•00018 
•00013 
•00013 
•00018 
•00018 
•00018 
•00018 
•00018 
•00018 
•00018 
•00014 
•00014 
•00014 


•00094 
•00094 

•00034 
•OOOSS 
•0008ft 
•0003ft 
•00026 
•00036 
•00036 
•00036 
•00027 
•00027 
•00027 
•00028 
•00088 
•00088 
•00038 
•00039 


•00087 


•00088 
•00088 


•00089 
•00040 
•00040 
•00040 
•00041 
•00041 
•00043 


•00048 


•00043 


•00048 


•00046 

-00048 
•00047 
•00047 
•00048 
•00048 


lOQ 
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TKiW*  Tabu  qf  tit  OmpoiUiM  bt  toluioi  of  iHxtmet  of  jOcoM  and  Water  of 

difermt  Smtiiui, 


Per- 

Alcohol 
TQluine 

S^Molfto 

DifBer- 
enoeof 

PW- 
oenteite 

Aloobol 

by 
Tolume 

Speoiflc 

DMTer- 
enceof 

Per. 

Aloobol 

by 
Toloine 

Spedflo 

Differ, 
enceof 

Gnvi^at 

tbespe. 
dflogra- 

Oravity  at 
60*»P. 

the  ape- 

Qravity  at 
60OF. 

thc'Bpe- 

dficgro- 

Titios 

0*9991 

84 

0-9696 

68 

0-8941 

24 

0-997'e 

16 

86 

0-9688 

69 

0-8917 

24 

0-9961 

16 

86 

0-9670 

70 

0*8892 

26 

0-9947 

14 

87 

0-9666 

71 

0-8867 

25 

0*9988 

14 

88 

0-9641 

72 

0*8842 

25 

0-9919 

14 

39 

0-9626 

78 

0*8817 

25 

0-9906 

18 

40 

0-9610 

74 

0-8791 

26 

0-9898 

13 

41 

0*9494 

76 

0-8766 

26 

0-9881 

12 

42 

0-9478 

76 

0-8739 

26 

0-9869 

12 

48 

0-9461 

77 

0*8712 

27 

0-9867 

12 

44 

0-9444 

78 

0-8685 

27 

0-9845 

12 

46 

0-9427 

79 

0-8658 

27 

0-9884 

11 

46 

0-9409 

80 

0*8631 

27 

0-9823 

11 

47 

0-9891 

81 

0*8603 

28 

0-8912 

11 

48 

0-9873 

82 

0*8575 

28 

0-9802 

10 

49 

0-9854 

19 

83 

0*8547 

28 

0-9791 

11 

60 

0-9336 

19 

84 

0*8518 

29 

0-9781 

10 

61 

0-9816 

20 

85 

0.8488 

80 

18 

0-9771 

10 

62 

0-9296 

20 

86 

0-8458 

30 

19 

0-9761 

10 

68 

0-9276 

20 

87 

0-8428 

80 

20 

0-9761 

10 

64 

0-9264 

21 

88 

0-8397 

81 

21 

0-9741 

10 

66 

0-9234 

20 

89 

0-8366 

82 

22 

0-9781 

10 

66 

0-9218 

21 

90 

0-8882 

83 

28 

0-9720 

11 

67 

0-9192 

21 

91 

0-8299 

33 

24 

0-9710 

10 

68 

0-9170 

22 

92 

0-8266 

84 

26 

0-9700 

10 

69 

0-9148 

22 

93 

0*8280 

86 

26 

0-9689 

11 

60 

0-9126 

22 

94 

0-8194 

86 

27 

0-9679 

10 

61 

0*9104 

22 

96 

0*8167 

87 

28 

0-9668 

11 

62 

0*9082 

22 

96 

0-8118 

89 

29 

0-9667 

11 

68 

0*9069 

23 

97 

0-8077 

41 

80 

0-9646 

11 

64 

0-0086 

28 

98 

0-8034 

43 

31 

0-9684 

12 

66 

0-9018 

28 

99 

0-7988 

46 

32 

0-9622 

12 

66 

0-8989 

24 

100 

0*7989 

49 

88 

0-9609 

18 

67 

0*8966 

24 

In  order,  howerer,  to  employ  this  Table  for  aflcertaining  the  strength  of  mixtures 
of  alcohol  and  water  of  dilnrent  densities  (which  is  the  practical  nse  of  such  Tables), 
it  is  absolntely  necessaay  that  the  determination  of  the  density  should  be  performed 
atan  inyariable  temperature, — yix.  60°  F.  The  methods  of  aetermining  the  density 
will  be  hereafter  described ;  but  it  is  obTions  that  practically  the  experiment  cannot 
be  conyeniently  made  at  any  fixed  temperature,  but  must  be  performed  at  that  of  the 
atmosphere. 

H.  Gay-Lussao  has  oonstmcted  a  most  yaluable  Table,  of  which  the  following  is 
an  abstract,  which  is  suimlied  with  his  '  Alooomkre/  (See  Alcoholoiorbt.)  It 
enables  one  to  ascertain,  irom  the  obeenred  density  at  any  given  temperature,  the 
density  at  the  normal  temperature  16*6<=^  0.  (60°  F.),  and  hence  the  strength ;  or,  vict 
ffertd,  ftom  the  obseirred  density  at  60^  F.  to  find  the  density  at  any  other  tem- 
perature. 

The  first  yertical  cdumn  of  this  Table  contains  the  temperatures,  from  0^  to  ZO^  C. ; 
and  the  first  horiaontal  line  the  indications  of  the  alcoomStre.  In  the  same  Table  he 
has  most  ingeniously  inserted  a  correction  of  the  volume  of  the  spirits  when  the 
temperature  dii&rs  nom  16*6°  C.  (60°  F.).  All  the  numbers  printed  in  small  charac- 
ters, Qodfir  eadi  real  wtftngtk,  i.e.  per^centaoe  of  absolute  alcohol,  indicate  the  Tolume 
which  1,000  lUre$  UAe  Utre  being  1*760778  fmU)  of  a  spirituous  liquor  would  hare 
Tfi^eq  vmsim^  ftt  VM  temperature  at  which  its  apparent  strength  is  giTon. 
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JleoSmttrieal  TbM*  i^fetU  Strength,  by  M.  Goy-Liutae. 


Tempb 
0. 

Slo 

•90 

tSo 

840 

85c 

8Co 

870 

880 

89o 

40o 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2S 
24 
25 

830 
1002 

84 

1008 

35 

1008 

86 
1008 

37 

1008 

88 
1008 

89 
1008 

40 
1003 

41 

1008 

42 

1008 

32*6 

1003 

83-6 
1003 

84-6 
1003 

35-6 

1003 

36-6 

1003 

37-6 

1003 

38-6 
1003 

39-6 
1003 

40-6 
1008 

41-6 

1008 

82-2 

1001 

83-2 

1001 

34-2 

1002 

35-2 
.1003 

86-2 
1002 

37-2 

1003 

88-2 

1003 

39-2 
1003 

40-2 
1003 

41-2 
1003 

81-8 

1001 

32-8 

1001 

88-8 
1001 

34-8 
1001 

35-8 
1001 

36*8 

1001 

87-8 

1001 

38-8 
1001 

89*8 
1001 

40-8 

1001 

81-4 

1001 

82-4 
1001 

83-4 
1001 

34-4 
1001 

35-4 

1001 

36-4 
1001 

37-4 

1001 

38-4 
1001 

89*4 
1001 

40-4 
1001 

81 
1000 

82 
1000 

38 
1000 

84 
1000 

35 

1000 

86 
1000 

37 

1000 

38 

1000 

89 
1000 

40 
1000 

80-6 

1000 

81-6 
1000 

32-5 

999 

83-5 

999 

34-5 

999 

86-5 

999 

36-5 
999 

37-5 

999 

38*5 

999 

39-5 

999 

80-2 

999 

31-2 
999 

821 
999 

881 

999 

841 
999 

351 
999 

361 
999 

371 

999 

381 
999 

39-1 
999 

29-8 
999 

30-8 

999 

31-7 

998 

32-7 

998 

33-7 

998 

34-7 

998 

35-7 

998 

36-7 

998 

37-7 

998 

88-7 

998 

29-4 

998 

80-4 
998 

31-8 

998 

32-8 

998 

38-8 

998 

84*8 

998 

35-3 

998 

36*8 
998 

.37-8 

997 

38-3 
997 

29 
998 

80 

998 

30-9 
997 

81-9 
997 

32-9 
997 

83-9 
997 

34-9 
997 

35-9 
997 

86*9 
997 

37-9 

997 

28-6 
997 

29-6 
997 

30-5 
997 

31-5 
997 

32-5 

997 

83-5 
997 

34-5 
997 

35-5 
996 

86-5 
996 

87-5 

996 

28-2 

997 

29-2 
997 

801 
996 

811 
996 

321 
996 

331 

996 

841 

996 

851 
996 

36-1 
996 

871 

996 

27-8 

996 

28'8 

996 

29-7 

996 

80-7 

996 

31-7 

996 

32-7 

996 

33-7 

996 

34-7 
995 

35*7 

•95 

86-7 

995 

27-4 

996 

28*4 
996 

29-3 
995 

80-3 

995 

31-8 
995 

32-3 
995 

88*8 

995 

84-3 
995 

85*8 
995 

86-8 

994 

27 

995 

28 
995 

28-9 
995 

29-9 
995 

80-9 
995 

31-9 
994 

32-9 
994 

83-9 
994 

84*9 
994 

85-9 
994 

^^^ 

41o 

490 

480 

44o 

450 

400 

470 

480 

490 

50o 

10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 

48 
1008 

44 
1004 

45 

1004 

46 

1004 

46-9 
1004 

47-9 
1004 

48-9 
1004 

49-9 

1004 

50*9 
1004 

51*8 
1004 

42-6 
lOOS 

48-6 
1008 

44*6 
1008 

45-6 
1008 

46-6 

1008 

47-6 
1008 

48-6 
1003 

49-5 
1008 

50-5 

1008 

51-5 

1008 

42-2 
1003 

48*2 
1003 

44*2 
1003 

45-2 
1003 

46-2 
1003 

47-2 
1003 

48-2 
1003 

49-2 
1003 

50*2 

1003 

51-1 
1003 

41*8 
1001 

42-8 
1001 

48-8 

1001 

44-8 
1003 

46-8 
1003 

46-8 

1003 

47-8 

1003 

48-8 
1003 

49*8 
1003 

50*8 

1003 

41-4 

1001 

42-4 
1001 

43-4 
1001 

44-4 
1001 

45-4 
1001 

46-4 
1001 

47-4 
1001 

48*4 
1001 

49-4 
1001 

50*4 
1000 

41 
1000 

42 

1000 

48 

1000 

44 

1000 

45 

1000 

46 
1000 

47 

1000 

48 
1000 

49 
1000 

50 

1000 

40-6 
999 

41-6 
999 

42-6 

999 

43-6 

999 

44-6 
999 

45-6 
999 

46*6 

999 

47-6 
999 

48-6 
999 

49*6 
999 

40-2 
999 

41-2 
999 

42-2 

999 

48-2 

998 

44-2 
998 

45-2 

998 

46-2 

996 

47-2 
998 

48-2 
998 

49*2 

998 

89*8 
998 

40-8 
998 

41-8 
996 

42-8 
998 

48-8 

•08 

44-9 
998 

45-9 
998 

46-9 
998 

47-9 

998 

48*9 
998 

89-4 
997 

40-4 
997 

41-4 
997 

42*5 
997 

43-5 

997 

44-5 
997 

45-5 
997 

46-5 

997 

47-5 
997 

48*5 
997 

89 
997 

40 
997 

41 
997 

421 
997 

481 
996 

441 
996 

45-1 
996 

46*1 
996 

47-2 
996 

48-2 
996 

21 

38-6 
996 

39-6 
996 

40-6 
996 

41-7 
996 

42-7 
996 

43-7 
996 

44-8 
••• 

45-8 
•96 

46*8 
•95 

47-8 
995 

b2 
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T-.P. 

410 

410 

480 

440 

450 

460 

470 

480 

490 

500 

72 
23 
24 
25 

88*2 

89-2 
995 

40*2 
995 

41*8 
995 

42*8 
995 

43*8 

995 

44*8 
995 

45-3 
995 

46*4 
995 

47-4 

905 

87-8 

M5 

88*8 
995 

89*8 

995 

40-9 
994 

41*9 
994 

42*9 
994 

48-9 
994 

44*9 
994 

46 
994 

47 

994 

87-4 

9»4 

88*4 
094 

89*4 
094 

40*5 
994 

41*5 
994 

42-5 

994 

48*6 

994 

44*6 
994 

45*6 
998 

46-6 
993 

87 

88 

994 

89 
998 

40:1 
998 

42*1 
998 

42*2 
998 

48*2 
998 

44*2 
993 

45*2 
998 

46-3 
993 

Temp. 
0. 

ftio 

590 

580 

540 

550 

560 

570 

58o 

590 

COo 

"To 

11 
12 
18 
U 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 

52-9 
1004 

58*8 
1004 

54*8 
1004 

55*8 

1004 

56*8 

1004 

57-8 

1004 

58*8 
1004 

59*7 

1004 

60*7 

1004 

61*7 

1004 

52-5 

1008 

58*5 

1008 

54*4 

1008 

55*4 
1008 

56*4 
1008 

57*4 
1008 

58*4 
1008 

59*4 
1008 

60*4 
1008 

61-4 
1008 

52*1 

1002 

58*1 
1002 

54*1 
1002 

55 

1002 

56 

1002 

57 

1002 

58 

1009 

59 

1002 

60 
1002 

61 
1002 

61*8 
1003 

52-7 

1002 

58*7 

1002 

54*7 

1002 

55*7 

1002 

56*7 
1002 

57*7 

1002 

58*7 

1002 

59*7 
1009 

60-7 

1002 

51*4 
1001 

52*8 
1001 

58*8 

1001 

54*3 
1001 

55*8 

1001 

56-8 
1001 

57*8 

1001 

58*8 

1001 

59*8 
1001 

60-8 
1001 

51 
1000 

52 

1000 

58 
1000 

54 

1000 

55 

1000 

56 
1000 

57 

1000 

58 

1000 

59 
1000 

60 
1000 

50*6 

999 

51*6 

999 

52*6 
999 

58*6 
999 

54*6 
999 

55*6 

999 

56*6 
999 

57-6 

999 

58*6 
999 

59*6 
999 

50*8 
998 

61*8 

996 

52*8 

996 

58*8 
996 

54*8 
998 

55*8 

998 

56*8 
998 

57-8 

998 

58*8 

998 

59*8 
996 

40*9 
998 

50*9 
998 

51-9 
996 

52*9 

996 

58-9 

998 

54*9 
998 

55*9 

996 

56*9 

997 

57-9 

997 

58-9 

997 

49*5 
997 

50*6 

997 

51-6 

997 

52*6 

997 

58*6 
997 

54*6 

997 

55*6 
997 

56*6 
997 

57-6 

997 

58*6 
997 

49*2 
996 

50*2 
996 

51*2 

996 

52*2 

996 

58*2 
996 

54*2 

996 

55*2 

996 

56*2 
996 

57*2 

996 

58*2 

996 

48*8 
995 

49*8 
996 

50*8 

996 

51*8 

995 

52*9 

9M 

58-9 

9M 

54*9 
995 

55*9 
995 

56*9 

995 

57-9 

995 

48-4 
996 

49*4 
995 

50*4 
996 

51*4 

994 

52*5 
994 

58*5 

994 

54*5 
994 

55*5 
994 

56*6 
994 

57*5 

995 

48 
994 

49*1 
094 

50*1 
994 

51*1 

994 

52*1 

994 

58*1 
994 

54*1 
994 

551 

998 

56*1 
996 

571 

998 

47*6 

998 

48*7 
998 

49*7 
998 

50*7 

998 

51*8 

998 

52-8 
998 

58*8 

998 

54*8 
998 

55*8 

998 

56-8 
992 

47*8 
998 

48*8 
998 

49-8 
998 

50-3 
992 

51*4 
992 

52*4 
998 

58*4 
999 

54*4 
992 

55*5 
999 

56*6 
999 

T-p. 

610 

Oo 

680 

640 

650 

660 

670 

680 

690 

700 

Dog. 
10 

11 

12 

13 

14 

16 

62*7 
1004 

68*7 

1004 

64*7 
1004 

65*7 
1004 

66*7 
1004 

67*6 
1004 

68*6 
1004 

69*6 
1004 

70*6 
1004 

71*6 
1004 

62*4 
1008 

68*4 
1008 

64*4 
1008 

65*4 
1008 

66*4 
1008 

67*8 
1008 

68-8 
1008 

69*8 
1004 

70*8 

1004 

71*8 

1004 

62 
1002 

68 
1002 

64 
1002 

65 
1002 

66 
1002 

67 

1002 

68 

1008 

69 

1008 

70 

1008 

71 

1008 

61*7 

1002 

62*7 
1002 

68*7 
1002 

64*7 
1002 

65*7 
1002 

66*7 

1002 

67-7 

1009 

68*7 

1002 

69*6 
1002 

70*6 
1009 

61*8 
1001 

62*8 
1001 

68*8 

1001 

64*8 
1001 

65*8 
1001 

66*8 
1001 

67*8 
1001 

68*8 
1001  " 

69*8 
1001 

»0*8 
r  1001 

61 
1000 

62 
1000 

68 
1000 

64 
1000 

65 
1000 

66 
1000 

67 
1000 

68 
1000 

69 
1000 

70 

1000 
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a 

eio 

690 

680 

640 

650 

660 

670 

680 

690 

70o 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

60-6 
999 

61-7 

999 

62-7 
999 

637 
999 

64*7 

999 

65*7 

999 

66*7 
999 

677 
999 

68*7 
990 

69*7 

999 

60*8 
996 

61-3 
998 

62-3 
996 

63*3 
998 

64*3 

998 

65*3 

998 

66*3 
998 

67-3 

998 

68*3 
998 

69*3 

998 

59-9 
997 

61 
997 

62 
997 

68 
997 

64 

997 

65 
997 

66 

997 

67 

997 

68 
997 

69 

997 

69-6 
997 

60-6 
997 

61-6 
997 

62*7 
997 

687 

997 

647 

997 

657 

997 

667 

997 

677 

996 

68*7 

996 

69*2 
996 

60*3 
996 

61-3 
996 

62*3 
996 

63*3 
996 

64*3 

996 

65*4 

996 

66*4 

996 

67-4 

996 

68-4 
996 

58*9 
99S 

69*9 
996 

61 
995 

62 
995 

63 
995 

64 
995 

65 
995 

66 
995 

67 

995 

68*1 
995 

58*5 
99i 

59*5 
994 

60-6 
994 

61*6 
994 

62-7 
994 

63*7 

994 

64*7 
994 

657 

994 

66*7 

994 

67-8 

994 

581 
99S 

59-2 
998 

60*2 
993 

61-3 
998 

62*3 
998 

63*3 
998 

64*3 
998 

66*4 
998 

66*3 

998 

67-4 

,998 

57-8 

993 

68-9 
993 

59-9 
993 

61 
993 

62 
993 

63 

993 

64 

993 

65 

993 

66 
993 

6M 

993 

57-5 
993 

58-5 
993 

59*5 
998 

60*6 
991 

61*6 
991 

62*6 
991 

68*7 
991 

64*7 
991 

65*7 

991 

66*7 

991 

Temp. 
C. 

Tie 

79b 

780 

740 

750 

760 

770 

780 

790 

800 

Deg. 
10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

72*6 

lOOi 

73-5 

1004 

74-5 

lOOff 

75-5 

1005 

76*5 
1005 

77-5 

1005 

78*5 

1005 

79*5 

1005 

80*5 
1005 

81*5 

1005 

72-8 
1004 

73-2 
1004 

74*2 
1004 

75*2 

1004 

76*2 

1004 

77-2 

1004 

78*2 

1004 

79*2 

1004 

80*2 
1004 

81*2 

1004 

72 

1008 

72-9 
1008 

73*9 

1008 

74*9 
1008 

75*9 

1008 

76*9 

1008 

77-9 

1008 

78-9 

1008 

79*9 
1008 

80-9 
lOOS 

71-6 

1003 

72-6 
1003 

73*6 

1003 

74*6 
1003 

75-6 

1003 

76-6 

1003 

77-6 

1003 

78*6 

1003 

79*6 
1003 

80-6 
1003 

71-3 

1001 

72-3 
1001 

73*3 

1001 

74*3 
1001 

75*3 

1001 

76*3 

1001 

77-3 
1001 

78-3 

1001 

79-3 
1001 

80*3 
1001 

71 

1000 

72 

1000 

73 

1000 

74 

1000 

75 

1000 

76 

1000 

77 

1000 

78 

1000 

79 

1000 

80 

1000 

707 

999 

71-7 

999 

727 

999 

787 

999 

74*7 

999 

757 

999 

767 

999 

777 

999 

78*7 

999 

797 

999 

70-3 

996 

71-8 

996 

72*3 
996 

73*3 
998 

74*3 

998 

75*4 

998 

76-4 
998 

77*4 
998 

78-4 
998 

79-4 
998 

70 

997 

71 

997 

72 

997 

78 

997 

74 
997 

751 

997 

761 

997 

771 

997 

78*1 

997 

79-1 
997 

69*7 

996 

70-7 

996 

71-7 

996 

72*7 

996    . 

73*7 

996 

747 

996 

75-8 

996 

76-8 

996 

77-8 

996 

78*8 

996 

69-4 
096 

70-4 

996 

71-4 

995 

72*4 
995 

73*4 
995 

74*4 
995 

75*5 

995 

76*5 

995 

77-5 

995 

78*6 

905 

691 
996 

701 

996 

71-1 

995 

721 

994 

731 

994 

74*1 

994 

75-2 

994 

76-2 
994 

77-2 

994 

78*2 

994 

68-8 
994 

69-8 
994 

70*8 

994 

71-8 

994 

72*8 
998 

78-8 

998 

74-8 
998 

75*9 
998 

76*9 
998 

77-9 

998 

68-4 
998 

69-4 
998 

70*5 

•993 

71-5 

998 

72-5 
993 

73-5 

993 

74*6 

993 

75-5 

993 

76-6 

993 

77-6 

993 

681 

903 

691 
993 

70*1 

993 

71-2 

993 

72*2 
993 

73*2 
993 

74*2 
903 

75-2 

991 

76*8 

991 

773 

991 

67-8 

991 

68-8 

991 

.69*8 
991 

70*8 

991 

71-8 

991 

72-8 
991 

73*9 
991 

74*9 
991 

76 
991 

77 

991 
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Temp. 
0. 

810 

830 

880 

8«o 

860 

860 

870 

88o 

890 

900 

D€g. 

10 

a 

12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
26 

82-4 
1000 

88-4 
1000 

84*4 

1005 

85*4 

1005 

86-4 
1006 

87'4 

1006 

88*3 
1006 

89*3 

1006 

90-2 

1006 

91-2 
1006 

82-2 
lOOi 

881 

1004 

841 

1004 

851 
1004 

861 
1004 

871 

1004 

88 

1004 

89 

1004 

90 
1004 

91 

1004 

81-9 

1008 

82-9 

1008 

88-9 
1008 

84-8 
1008 

85-8 
1008 

86-8 
1008 

87-8 

1003 

88-7 

1008 

897 

1008 

907 

1003 

81-6 

1008 

82-6 
1003 

88-6 

1003 

84-6 
1003 

85*5 
1003 

86*5 

1003 

87-5 

1003 

88-6 
1003 

89-5 
1003 

905 

1002 

81-8 
1001 

82-3 
1001 

88-3 
1001 

84*3 

1001 

85-3 
1001 

86-3 
1001 

87-3 

1001 

88-2 

1001 

89-2 

1001 

90-2 

1001 

81 
1000 

82 
1000 

83 

1000 

84 

1000 

86 
1000 

86 
1000 

87 

1000 

88 

1000 

89 
1000 

90 
1000 

807 

899 

81-7 

999 

82-7 

999 

88-7 

999 

84-7 

999 

85-7 

999 

86-7 

999 

87-7 

999 

887 

999 

897 

999 

80-4 
998 

81-4 
998 

82-4 
998 

83-4 
998 

84-4 
998 

85-4 
,   998 

86-4 

998 

87-4 
998 

88-4 
998 

89-5 

998 

801 
997 

811 
997 

821 
997 

831 
997 

841 
997 

86-2 
997 

86-2 
997 

87-2 

997 

88-2 
997 

89*2 
997 

79-8 

996 

80-8 
996 

81-9 
996 

82-9 
996 

83-9 
996 

84*9 
996 

86-9 
996 

86-9 

996 

87-9 

996 

88-9 
996 

79-6 

996 

80-6 
995 

81-6 

996 

82*6 
996 

88-6 
995 

84*6 
996 

85-6 
995 

86-6 

996 

877 

995 

887 

995 

79-2 

994 

80*2 
994 

81-8 
994 

82*3 
994 

83-8 
994 

84-3 
994 

85-8 

994 

86-4 
904 

87-4 
994 

88-4 
994 

78-9 

998 

79-9 
998 

81 
998 

82 

998 

83 
998 

84 
998 

85 

998 

861 
993 

871 

993 

88-2 

998 

78-6 

993 

79-6 

993 

80-7 

993 

81-7 

993 

82-7 

903 

83-8 
903 

84-8 
992 

85-8 

992 

86-8 

993 

87-9 

093 

783 

991 

79-3 

991 

80-4 
991 

81-4 

991 

82-4 
991 

83-5 

991 

84-6 
991 

86-5 

991 

86-6 
991 

87-6 

991 

78 

991 

79 
991 

801 

990 

811 
990 

82-1 

990 

88-2 
990 

84-2 
990 

85-2 
990 

86-3 

990 

87-4 
990 

The  boiling  point  of  miztnres  of  alcohol  and  irater  likeirise  differs  inth  the  Btrength 
of  such  ndxtnies. 

Aooording  to  Gaj-Lussao,  absolute  alcohol  boils  at  78*4^  0.  (173^  F.)  under  a 
pressure  of  760  milUmetrea  (the  milUmetre  being  0 '03937  English  inches).  When 
mixed  -with  irater,  of  course  its  boiling  point  rises  in  proportion  to  the  quantity  of 
"water  present,  as  is  the  case  in  general  with  mixtures  of  two  fluids  of  greater  and 
less  Tolatility.  A  mixture  of  alcohol  and  water,  however,  presents  this  anomaly,  ac- 
cording to  Soemmerinff :  when  the  mixture  contains  less  than  six  per  cent,  of  alcohol, 
those  portions  which  &st  pass  off  are  saturated  with  water,  and  the  alcoholic  solu- 
tion in  the  retort  becomes  richer,  till  absolute  alcohol  passes  over ;  but  when  the 
mixture  contains  more  than  six  per  cent,  of  water  the  boiliuff  ])oint  rises,  and  the 
quantity  of  alcohol  in  the  distillate  steadily  diminishes  as  the  distillation  proceeds. 


AksoboUoooD. 

AlooboUo  oon* 

* 

AloohoUcoon- 

AjooboHo  oon* 

TBmpentnn 

tentoftlM 

tcntofthoboU- 

Tempentore 

tent  of  the 

tent  of  the  boU. 

T»poor 

ing  liquid 

fMipont 

ingtiqnid 

Fahr.  1700 

03 

92 

Fahr.  189'8 

71 

20 

171-8 

02 

90 

192-0 

68 

18 

172 

01 

85 

164 

66 

15 

172-8 

OOi 

80 

196-4 

61 

12 

174 

90 

70 

198-6 

55 

10 

174-6 

89 

70 

201 

50 

7 

176 

87 

65 

203 

42 

5 

178-3 

85 

50 

205*4 

86 

8 

180-8 

82 

40 

207-7 

28 

2 

183 

80 

35 

210 

13 

1 

185 

78 

30 

212 

0 

0 

187-4 

76 

25 

• 
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AooondiQg  to  Qfoniiuft  xeseaicfaes,  the  preoediog  temperattoes  of  the  alcoholic 
r^jpmia  OQcreBpond  to  the  aocompanying  contents  of  alcohol  in  per-oentage  of  Tolume 
▼bdi  are  disengaged  in  the  boiling  of  Uie  spiiitnons  liquid. 

Groning  undertook  this  investigation  in  order  to  employ  the  thermometer  as  an 
alcoholometer  in  the  distillation  of  spirits;  for  which  purpose  he  thrust  the  bulb  of  the 
thermcnneter  through  a  coik  inserted  into  a  tube  fixed  in  the  capital  of  the  still.  The 
state  (tf  the  barometer  ouffht  also  to  be  considered  in  making  comparative  enenmcnts 
of  this  kind.  Since,  by  this  method,  the  alcoholic  content  may  be  compared  with  the 
temDenitiire  of  the  yapour  that  passes  over  at  any  time,  so  also  the  contents  of  the 
whole  distillation  may^  be  found  approximately ;  and  the  method  serves  as  a  convenient 
means  of  making  continual  observraons  on  the  raogross  of  the  distillation. 

From  the  mean  of  a  great  many  experiments,  l>r.  Ure  drew  up  the  following  Table, 
vhich  shows  the  boiling  point  of  alcohol  of  various  specific  gravities : — 


BcOing  Point 

l^McllloOniltor 

BaUli«  Point 

SpecUloQiMiicr 

178-6   P^ 
179-76  „ 
180-4     „ 
182-01  „ 
183-40  „ 

0-9t00 
0-9321 
0*9420 
0-9616 
0-960 

186-6  P. 
189-0  „ 
191-8  „ 
196-4  „ 
202-0  „ 

0*9665 
0*9729 
0*9786 
0*9850 
0-992 

DeTuify  of  tie  Vapour.-^OnB  volume  of  alcohol  yields  488*3  volumes  of  vapour 
at  212<^  F.  The  ^leeifie  giavi^  of  the  vapour,  taking  air  as  unity,  was  fomid  bjjr 
Gay-Lussao  to  be  1*6133.  [Its  vapour-density,  ref^red  to  hydrogen  as  unity,  is 
13-3606?] 

Spirituous  vapour  passed  through  an  ignited  tube  of  g^ass  or  porcelain  is  eonvated 
into  carbonic  oxide,  water,  hydrogen,  carburetted  hydrogen,  olefiant  gas,  naplrthaUne, 
empyrenmatic  oil,  and  carbon ;  according  to  the  degree  ii  heat  and  nature  of  the 
tube,  theae  pfoducts  vary.  Anhydrous  ucohol  is  a  non-conductor  of  electricity,  bat 
is  decomposed  by  a  powerM  voltaic  battery.  Alcohol  bums  in  the  air  with  a  blue 
flswe  into  carbonic  add  and  water ;  the  water  being  heavier  than  the  spirit^  because 
46  parts  of  alcohol  contain  6  of  hydrogen,  which  fnrm  64  of  water.  In  oxygen  the 
combustion  is  accompanied  with  great  heat,  and  this  fiame,  directed  through  a  small 
tube,  powerfully  ignites  bodies  exposed  to  it. 

Platinum  in  a  finely  divided  state  has  the  property  of  determining  the  combi- 
nation of  alcohol  with  the  oxygen  of  the  air  in  a  remarkable  manner.  A  ball  of 
spon^  platinum,  placed  slightlv  above  the  wick  of  a  lamp  fed  by  spirit  and  comma- 
meatmg  with  the  wick  by  a  pladnum  wire,  when  once  neated,  keeps  at  a  red  heat, 
gradually  buminf^  the  spirit.  This  has  been  applied  in  the  construction  of  the  so- 
called  '  philosophical  pastilles ; '  eau-de-cologne  or  other  perfiimed  spirit  being  thus 
made  to  diffhse  its^  in  a  room. 

Mr.  Qill  has  also  practically  applied  this  in  the  eonstmctioB  of  an  alcohol  lamp 
without  fiame. 

A  coil  of  platinum  wire,  of  about  the  one-hundredth  part  of  an  inch  in  thickness, 
is  coiled  partly  round  the  cotton  wick  of  a  spirit-lamp,  and  partly  above  it,  and  the 
lamp  lighted  to  heat  the  wire  to  redness ;  on  the  fiame  oeing  extinguished,  the  alcohol 
vapour  keeps  the  wire  red  hot  for  an^  length  of  time,  so  as  to  be  in  constant  readiness 
to  Ignite  a  match,  for  example.  This  lamp  afSxrds  sufficient  light  to  show  the  hour 
by  a  watch  in  the  night,  with  a  very  small  consumption  of  spirit. 

This  property  of  condensing  oxygen,  and  thus  causing  the  union  of  it  with  com- 
bustible bodies,  is  not  confine  to  platinum,  but  is  possessed,  though  in  a  less  degree, 
by  other  porous  bodies.  If  we  moisten  sand  in  a  capsule  with  alwolute  alcohol,  and 
cover  it  with  preriously  heated  nickel  powder,  protoxide  of  nickel,  cobalt  powder, 
protoxide  of  cobalt,  protoxide  of  uranium,  or  oxide  of  tin  (these  six  bodies  being 
procured  by  ignition  of  their  oxalates  in  a  crucible),  or  finely  powdered  peroxide 
of  manganese,  combustion  takes  place,  and  continues  so  long  as  the  spirituous  vapour 
lasts. 

Solvent  lVc(«r.— One  of  the  properties  of  alcohol  most  valuable  in  the  arts  is  its 
solvent  power. 

It  dissolves  gases  to  a  very  considerablo  extent,  which  gases,  if  they  do  not  enter 
into  combination  with  the  alcohol,  or  act  chemically  upon  it,  are  expelled  again  on 
boiling  the  alcohoL 

8overaI  salts,  espocially  the  dcliqnoscent,  are  dissolved  by  It,  and  some  of  them 
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sire  a  eolonr  to  its  flAmo ;  thus  the  solntioiis  of  the  salts  of  strontia  in  alcohol 
burn  nith  a  crimson  Jlame,ihoBe  of  copper  and  borax  nith  a^rwuone^  lime  a  redduh, 
and  baryta  nith  a  ydhw  flame. 

This  solrent  power  is,  however,  most  remarkable  in  its  action  npon  resins,  ethers, 
essential  oils,  fetty  bodies,  alkaloids,  as  well  as  man^  organic  acids.  In  a  similar 
way  it  dissolyes  iodine,  bromine,  and  in  small  quantities  sul|^nr  and  phosphorus. 
In  |;eneral  it  may  be  said  to  be  an  excellent  solrent  for  most  hydrogenised  organic 
substances. 

Uses, — ^In  consequence  of  this  property  it  is  most  extensiyely  used  in  the  chemical 
arts :  e,g,  iot  the  solution  of  gum-resins,  &c,  in  the  manuflBictnre  of  yaniishes ;  in 
pharmacy,  for  the  separating  of  the  actiye  principles  of  plants,  in  the  prefMiration 
of  tinctures.  It  is  also  employed  in  the  fbrmation  of  chloroform,  ether,  spirits  of 
nitre»  &c 

^  The  great  use  of  alcohol,  in  its  various  states  of  mixture,  is,  and  has  been  from 
time  immemorial,  as  a  hettmiige.  There  cannot  be  a  doubt  that  alcoholic  liquors  are 
beneficial  to  most  healthy  persons  when  moderately  enjoyed;  and  the  man  who 
advocates  thoir  rational  uee  cannot  be  held  answerable  for  their  afmee* 

^  Absolute  alcohol  (or  strong  sinrits)  acts  locally  ^  an  irritant^  contacting  the 
tissues ;  but  its  eflMs  on  the  onanism,  when  taken  internally,  arises  from  its  action, 
by  the  nerves,  on  the  brain.  Br.  Pereira  has  graphically  described  three  stages  of 
their  eActs: — 


1.  Pirst  or  mildest  degree 

2.  Second  degree     .        • 
8.  Third  degpree 


Exdtement 

Intoxication,  or  drunkenness. 

Coma,  or  true  apoplesgr* 


These  efftets  are  tolerably  ^miliar,  and  for  a  more  minute  description  of  them  we 
must  refer  to  Br.  Pereira  *  and  other  medical,  authors. 

The  important  applications  of  alcohol  in  the  arts,  as  a  solvent  for  resins,  &&,  have 
been  before  alluded  ta  To  the  chemist  it  is  a  most  valuable  agent  of  separation.  By 
its  means  he  is  enabled,  in  complicated  oiftanic  mixtures,  to  separate  those  substances 
which  are  soluble  £rom  those  which  are  insoluble  in  this  menstanram.  It  may  like- 
wise be  employed  for  separating  certain  salts— ^y.  the  chloride  of  strontium  frmn  that 
of  barium,  &c.  &e. 

Phmi  it  are  also  manufiietared  ether,  chloroform,  chloral,  and,  indirectly,  acetic 
acid ;  and  in  pharmacy,  sweet  spirits  of  nitre,  the  various  tinctures,  &c  &c 


The  Spirits  imported  and  retained  for  Home  Coneuw^tOon  were  as  follows  :— 


Impobts 


^liriti 


1870 


QoauUty 


.  Yalne 


1871 


Qoaoti^ 


ProofgiUoiis         £  Proofginoiis         il  PioofgaUont  il 

Bum.        •    6,915,117       808,809  7,667,422       771,698  6,686,267  676,820 

Brandy      .    7,942,966    2,168,699  6,878,486     1,906,276  8,619,418  1,829,644 

Other  Sorts    2,882,049       184,869  1,877,890       186,826  1,668,166  187,160 

Those  Spirits  were  chiefly  imported :— Rum,  from  British  West  India  Islands, 
British  Omana,  Mauritius,  Spanish  West  India  Islands ;  and  Brandy,  from  Prance, 
Holland,  Germany. 


YalM 


187S 


Quantity 


Yaloo 


The  quantities  retained  for  Homb  CoHSUMpnoK  were  :— 


Bum. 
Brandy     . 
Other  Sorts 


8,861,868 

4,168,906 

4,406,192 

8,626,182 

8,716,676 

8,944,726 

1,027.867 

1,010,929 

680,918 

Fttvlra,  Hftterla  Ifedica,  toL  U.  p.  IMa 


Digitized  by  VjOOQIC 


ALCOHOL 

SpiriiB  Eicporim, 


57 


BfUliB 

1867 

1868 

1869 

1870 

1871 

187S 

BritiBhandlriBli 
Foreign: 

Brandy   . 

Hnm  •  • 
UnenmneratMl    . 

Oallonfl 
1,286,698 

866,816 

2,468,478 

888,060 

OaUoDS 
1,864,166 

469,867 

2,607.176 

999,706 

GaUons 
1,673,778 

416,646 
1,396,167 
1,748,469 

Gallons 
1,467,266 

847,492 
1,884,868 
1,762,894 

Gallons 
1,607,0^1 

420,824 
1,680,289 
1,882,466 

Gallons 
1,796,868 

Thtal  quaniUin  </  9pinU  dUtUUd  and  charged  with  Eaunae  Duty  for  consumption  in 
Bngkand  and  Waiei,  SeoHUmd  and  Lrdand,  in  each  qf  the  years  ending  SUt  qf 
March,  1866,  1867,  1868. 


Flao» 

DlittIM 

Ohaiged  wHh  dntgr  for  oottsunption 

186^46 

1866-67 

1867-68 

186M6 

1866-67 

1867-^ 

En^and     \ 
and  Wales/ 
Scotland     . 
Ireland       . 

United     'I 
Kingdom/ 

Gallons 

7,706,679 

18,097,101 
6,746,680 

Gallons 

7,618,620 

11,806,841 
6,486,060 

Gallons 
7,008,062 

11,084,696 
6,861,674 

Gallons 

9,214.629 

7,421,421 
6,408,266 

Gallons 

9,286,646 

7,788,946 
6,067,261 

Gallons 

9,170,661 

7,144,144 
6,877,648 

26,649,460 

24,806,411 

28,944,221 

22,089,216 

28,126,861 

22,692,868 

The  following  ore  the  quantities  of  sjnrits  charged  nith  duties  of  excise  in  each  of 
the  years  named: — 


GaUons. 

Gallons. 

Gallons. 

1842. 
1844. 
1846. 
1848. 

.  18,841,890 
.  20,608,626 
.  24,106,697 
.  22,284,879 

1860. 
1862  . 
1864. 
1866. 

.  28,919,432 
.  26,270,262 
.  26,148,611 
.  28,922,463 

1868  . 
1860  . 
1862  . 
1864  . 

.  28,686,761 
.  21,873,869 
.  19,700,260 
.  21,089,682 

Eresy  Endish  distiller  has  now  to  pay  a  licence^nty  of  ten  guineas  before  he  can 
lawftilly  oondoet  operations,  and  aft^wards  a  duty  of  7«.  10a.  per  imperial  gallon 
of  svirits,  proof  strength,  which  he  produces. 

lUie  ScAch  and  Irish  distillers  hietd  to  pay  the  same  licenoe-fee  as  the  English ;. 
and  in  additi<m  to  this,  the  Scotch  distiller  paid  a  duty  of  4«.  8<i.  per  imperial  gallon 
of  proof  strength,  and  the  Irish  a  duty  of  3«.  4td, ;  but  the  duties  are  now  equalized. 

A&OOSO&9  MflTAUbAiTSD.  It  was  for  a  long  time  a  great  desideratum 
for  the  manufacturer  to  obtain  spirit  £ree  from  du^.  The  Government,  feeling  the 
necessity  for  this,  hare  sanctioned  the  sale  of  spirit  which  has  been  flaroured  with 
ifiethvl-aloohol,  so  as  to  render  it  un])alatable,  free  of  dtUyt  under  the  name  of 
'  methylated  apirit*  This  methylated  spirit  can  now  be  obtained,  in  large  quantities 
by  giving  suitable  security  to  the  Board  of  Inland  Berenue  of  its  emplo3rroont 
for  manufacturing  purposes  only,  and  must  prove  of  great  value  to  those  manu- 
facturers who  are  la^  consumers. 

iProfessors  Graham,  Hofinann,  and  Bedwood,  in  their  '  Beport  on  the  Supply  of 
Sjpirit  of  "V^^ne,  free  of  du^,  for  use  in  the  Arts  and  Manu&ctnres,'  addressed  to  the 
Cuiairman  of  the  Board  of  Inland  Bevenuo,  came  to  the  following  conclusions : — 

'F^om  the  re^ts  of  this  inquiry  it  has  appeared  that  moans  exist  by  which  spirit 
of  wine,  produced  in  the  usual  wa^,  may  be  rendered  unfit  for  human  consumption, 
as  a  beverage,  without  materially  impairing  it  for  the  greater  number  of  the  more 
valuable  purposes  in  the  arts  to  whicn  spirit  is  usually  aj^plied.  To  spirit  of  wine, 
of  not  less  strength  than  corresponds  to  density  0*830,  it  is  proposed  to  make  an 
addition  of  10  per  cent,  of  purified  wood-naphtha  {wood  or  methylie  spirit\  and  to 
issue  this  mixea  spirit  for  consumption,  duty-free,  under  the  name  ox  Methylated  Spirit, 
It  has  been  shown  that  methylated  spirit  resists  any  process  for  its  purmcation ;  the 
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remoyal  of  the  substance  added  to  the  sprit  of  wine  being  not  only  difficult,  bnt,  to 
all  appearance,  impossible ;  and  further,  that  no  danger  is  to  be  apprehended  of  the 
methylated  spirit  being  ever  compounded  so  as  to  m^e  it  palatable.  .  •  •  .  It 
may  be  found  safe  to  reduce  eventually  the  proportion  of  the  mixing  ingredient  to 
5  per  cent,  or  even  a  smaller  proportion,  ^though  it  has  been  recommended  to  begin 
with  the  larger  proportion  of  10  per  cent' 

And  further,  the  authors  justly  remark : — '  The  command  of  alcohol  at  a  low 
price  is  sure  to  suggest  a  multitude  of  improved  processes,  and  of  novel  applications, 
which  can  scareelybe  anticipated  at  the  present  moment  It  will  be  felt  tar  beyond 
the  limited  range  of  the  trades  now  more  immediately  concerned  in  the  consumption 
of  spirits ;  like  the  repeal  of  the  duty  on  salt,  it  will  at  once  most  vitally  a£fect  the 
chemical  arts,  and  cannot  fail,  ultimately,  to  exert  a  beneficial  influence  upon  many 
branches  of  industiy.' 

And  in  additional  observations,  added  subsequently  to  their  original  Beport,  the 
chemists  above  named  recommend  the  following  restriction  upon  the  sale  of  the 
methylated  spirit: — 'That  the  methylated  spirit  should  be  issued,  by  agents  duly 
authorised  by  the  Board  of  Inland  Kevenue,  to  none  but  manufacturers,  who  should 
themselves  consume  it :  and  that  application  should  always  be  made  for  it  according 
to  a  recognised  form,  in  vdiich,  besioee  the  Quantity  wanted,  the  applicant  should  state 
the  use  to  which  it  is  to  be  applied,  and  unaertake  that  it  should  be  applied  for  that 
purpose  only.  The  manufacturer  might  be  permitted  to  retail  varnishes  and  other 
products  containing  the  methylated  sprit,  but  not  the  methylated  spirit  itself  in  an 
unaltered  state.'  They  recommend  that  the  methylated  spirit  should  not  be  made 
with  the  ordinary  crude,  very  impure  wood-naphtha,  since  uiis  could  not  be  advan- 
tageously used  as  a  solvent  for  resins  by  hatters  and  varnish-makers,  as  the  less  volatile 
pf^  of  the  naphtha  would  be  retained  bv  the  resins  after  the  spirit  had  evaporated^ 
and  the  quality  of  the  resin  would  be  thus  impured.  If,  however,  the  n^ethylatod 
spirit  be  originally  prepared  with  the  crude  wood-naphtha,  it  may  be  purified  by  a 
simple  distillation  fh>m  10  per  cent  of  potash. 

It  appears  that  the  boon  thus  affi)rded  to  the  manufacturing  community  of  obtain- 
ing spirit  dutyfree  has  been  acknowledged  and  appreciated ;  and  now  for  most  pur- 
poses, where  the  small  quantity  of  wood-sprit  does  not  interfere,  the  methylated 
spirit  is  generally  used. 

It  appears  that  even  ether  and  chloroform,  which  one  would  expect  to  derive  an 
unpleasant  flavour  from  the  wood-spirit,  are  now  made  of  a  quali^  quite  unobjection- 
able from  the  methylated  spirit ;  but  care  should  be  taken,  especially  in  the  prepara- 
tion of  medicinal  compounos,  not  to  extend  the  emplo^ent  of  the  methylated  spirit 
beyond  its  justifiable  limits,  lest  so  useM  an  artide  should  get  into  disrepute.* 
Methylated  spirit  can  be  procured  also  in  small  qtiantities  from  the  iHiolesale  dealers, 
containing  in  solution  loc  to  the  gallon  of  shellac,  tinder  the  name  of  *  finish.' 

A&OOBO&ATBS,  OF  AXKIOATBS.  Graham  has  shown  that  alcohol  forms  crys- 
tallisable  compounds  with  several  salts.  These  bodies,  which  he  called  *  Aleokolatte* 
are  in  general  rather  unstable  combinations,  and  almost  ahrays  decomposed  by  wster. 
Among  the  best  known  are  the  fdlowing: — 

Alcoholftte  of  chloride  of  caldum  .  2  0<H*0<,  Ca  CI,  «0<BHI.Oa€a< 

„  „       of  sine         .       0«H«0*,ZnCl,  ao«XHI.  la  Cn* 

n         bichloride  of  tin  .        .       0«H*0*,  Sn  CI*,  aO*BH>.  Sa  Cl« 

n        nitrate  of  magnesia      •  8  C«H•O^HgO,KO^  #G<BHUM[ffa(WO') 


A&OOBOXiOmTmT,  or  AftOOOanrmTa  JktermkwtumrftheSttengtkqf 
Mixtures  qf  AUokol  and  Watef,  Since  the  commercial  value  of  the  alcoholic  liquors, 
commonly  called  *  spirits,'  is  determined  by  the  amotlnt  of  pure  or  absolute  alcohol 
present  in  them,  it  is  evident  that  a  ready  and  accmate  means  of  determining  this 
point  is  of  the  highest  importance  to  all  persons  engaged  in  trade  in  such  articles. 

If  the  mixture  contain  nothing  but  alcohol  and  water,  it  is  only  neoessai^  to  doter^ 
mine  the  density  or  specific  gravity  of  such  a  mixture ;  i^  however,  it  contain  saccha- 
rine matters,  colourii^  principles,  &e.,  as  is  the  case  with  wine,  beer,  frc,  other 
processes  become  necessary,  which  will  be  fVilly  discussed  hereafter. 

The  determination  of  the  specific  gravity  of  spirit,  as  of  most  other  liqidds,  may  be 
effected,  with  perhaps  greater  accuracy  than  by  any  other  process,  by  means  of  a 
stoppered  specific-gravi^  bottle.    If  the  bottle  be  of  such  a  size  as  exactly  to  hold  1 ,000 

Sains  of  distilled  water  at  60^  F.,  it  is  only  necessary  to  wei^h  it  taVL  of  the  spirit  at 
e  same  temperatuae,  when  (the  weight  of  the  bottle  being  known)  the  specific 
gravis  is  obtained  by  a  very  simple  calculation.    See  Sracino  GBA.vrrT. 

*  Some  difbreaoe  of  oplnioii  appean  to  tklBt  whsUnr  CMMWvi  can  be  oWalaod  inr/v  from  uietliy* 
laMqiitIt   8eelCiniTt 
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Tina  prooeee^  Uiou^  yarv  accurate,  is  somewhat  tioublesome,  especially  to  persons 
nnaociuitomed  to  aocuiate  chemical  experiments,  and  it  inyolyes  the  possession  of  a 
delicate  balance.    The  necessity  for  this  is,  however,  obviated  by 
the  employment  of  one  of  the  many  modifications  of  the  common  ^ ' 

kydromeUr,    This  is  a  floating  instmment,  the  use  of  which 
spends  upon  the  principle,  that  a  solid  body  immersed  into  a        a 
flmd  is  buoyed  upwards  with  a  force  equal  to  the  weight  of  the        " 
fluid  which  it  displaces,  ue.  to  its  own  bulk  of  the  fluid ;  conse- 
quently, the  denser  the  spirituous  mixture,  or  the  less  alcohol        a 
it  contains,  the  higher  will  the  instrument  stand  in  the  liquid ;        1  ^ 

and  the  less  dense,  or  the  more  spirit  it  contains,  the  lower  f 

will  the  apparatus  sink  into  it.  A 

There  are  two  classes  of  hjrdrometers.    Ist  Those  which  are       ^ 
always  immersed  in  the  fluid  to  the  same  depth,  and  to  which 
waists  are  added  to  adjust  the  instrument  to  the  density  of  any 
particular  fluid.    Of  this  land  are  Eahrenheit's,  Nicholson's,  and 
Quytou  de  Morveau  s  hydrometers. 

2nd.  Those  which  are  always  used  with  the  same  weight,  but 
which  sink  into  the  liquids  to  be '  tried,  to  difibrent  depths, 
aocoiding  to  the  density  of  the  fluid.    Of  this  class  are  most  of       ^ 
the  common  glass  hydrometers,  such  as  Baum^'s,  Curteis's,       i  \ 

Gay-Lussac's,  Twaddle's,  &&  ^  ^ 

Sjices's  and  Dicas's  combine  both  principles.    See  Htdbo- 

XBflSBS. 

Sykes's  hydrometer,  or  alcoholometer,  is  the  one  employed  by  ^n  -  «J^ 
the  Board  of  Excise,  and  therefore  the  one  most  extensirely  ^1^  ^^ 
used  in  this  country. 

This  instrument  does  not  immediately  indicate  the  density 
or  the  per-centage  of  absolute  alcohol,  hut  the  degrte  above  or       ^^        ^^ 
beUno  proof— ^Q  meaning  of  which  has  been  before  detailed       VV        WM 
(p.  46.)  ^^ 

It  consists  of  a  spherical  ball  or  float,  a,  with  an  upper  and  lower  stem  of  brass,  h 
and  e.  The  upper  stem  is  jnaduated  into  ten  principal  diyisions,  which  are  each 
subdiTided  into  flve  parts.  The  lower  stem,  e,  is  made  conical,  and  has  a  loaded 
bulb  at  its  extremity.  There  are  nine  moyeable  weights,  numbered  respectirely  by 
tens  from  10  to  90.  Each  of  these  circular  weights  has  a  slit  in  it,  so  that  it  can  be 
placed  on  the  conical  stem,  e»  The  instrument  is  a^'usted  so  that  it  floats  with  the 
surface  of  the  fluid  coincident  with  zero  on  the  scale,  in  a  spirit  of  specific  gravity 
"826  at  60^  P.,  this  being  accounted  by  the  Excise  as ' etandard  alcohol*  In  weaker 
spirit,  which  1ms  therefore  a  greater  density,  the  hydrometer  will  not  sink  so  low ;  and 
if  the  density  be  much  greater,  it  will  be  necessary  to  add  one  of  the  weights  to 
cause  the  entire  immersion  of  the  bulb  of  the  instrument.  Each  weight  represents  so 
many  principal  divisions  of  the  stem,  as  its  number  indicates ;  thus,  the  heaviest  weight, 
marked  90,  is  equivalent  to  90  divisions  of  the  stem,  and  the  instrument,  with  the 
weight  added,  floats  at  0  in  distilled  water.  As  each  principal  division  on  the  stem  is 
divided  into  Ave  subdivisions,  the  instmment  has  a  range  of  500  degrees  between  the 
standard  alcohol  (specific  gravity  *826)  and  water.  There  is  a  line  on  one  of  the  side 
faces  of  the  stem  o,  near  division  1  of  the  drawing,  at  which  line  the  instrument 
with  the  weight  60  attached  to  it  floats  in  spirit  exadiy  of  the  strength  fA  proof  at  a 
tempecatnre  of  61^  F. 

In  using  this  instrument)  it  is  immersed  in  the  spirit,  and  pressed  down  by 
the  hand  until  the  whole  of  the  gnduated  portion  of  the  upper  stem  is  wet.  The 
force  of  the  hand  required  to  sink  it  will  be  a  guide  to  the  selection  of  the  proper 
weight.  Having  taken  one  of  the  circular  weights  necessary  for  the  purpose,  it  is 
slipped  on  to  the  lower  conical  stem.  The  instrument  is  again  immersed,  and 
pressed  down  as  before  to  0,  and  then  allowed  to  rise  and  settle  at  any  point. 
The  eye  is  then  brought  to  the  level  of  the  surface  of  the  spirit,  and  the  part  St  the 
stem  cut  by  the  surface,  ae  eeenfrom  below,  is  marked.  The  number  thus  indicated 
by  the  stem  is  added  to  the  ntimber  of  the  weight,  and  the  sum  of  these,  together  with 
the  temperature  of  the  spirit,  observed  at  the  same  time  by  means  of  a  thermometer, 
enables  the  operator,  by  reference  to  a  Table  which  is  sold  to  accompany  the  instru- 
ment, to  And  the  strength  of  the  spirit  tested. 

These  Tables  are  &r  too  voluminous  to  be  quoted  here ;  and  this  is  unnecessary, 
since  the  instrument  is  never  sold  without  them. 

A  modiflcation  of  Sykos's  hydrometer  has  been  adopted  for  testing  alcoholic 
liquors  which  is  perhaps  more  convenient,  as  the  necessity  for  the  loading  weights 
is  done  away  with,  the  stem  being  sufficiently  long  not  to  require  them.    It  is 
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constrneted  of  glass,  and  ia  in  the  shape  of  a  eommoo  hTdrometer,  the  stem  bong 
diyidod  into  degrees ;  it  carries  a  small  spirit  thermometer  in  the  bnlb,  to  iriiich  a 
scale  is  fixed,  ranging  from  80^  to  82^  F.  (0  to  12<>  0.)  There  are  Tables  snpplied 
nith  the  hydrometer,  which  are  headed  by  the  degrees  and  half  degrees  of  the  ther- 
mometric  scale ;  and  the  corresponding  content  of  sprit,  orer  or  under  proof  at  the 
respectiTe  degree  of  the  Table,  is  placed  opposite  each  degree  of  the  hydnmieter. 

By  means  of  either  of  these  instruments,  and  by  the  use  of  the  Tables  accompany- 
ing them,  ire  learn  the  strength,  in  degrees,  above  or  below  proof;  and  the  following 
Table  by  Dr.  Ure  will  be  found  most  useftil  in  conrerdng  these  numbers  into  specific 
graTities: — 


Per 

Per 

Per 

Per 

Per 

oent. 

Spedflo 

cent. 

^tfclflo 

oeot. 

Spedflo 

oent. 

BpecMo 

oont. 

Specific 

over 

Gravity 

over 

QnTttj 

over 

Gr»Tity 

over 

Gravity 

over 

QraTity 

Progf 

Proof 

Proof 

Proof 

Proof 

67-0 

0*8166 

48*1 

0*8697 

19*3 

0*8948 

7-0 

0*9282 

63*8 

0*9698 

66*6 

0*8166 

42*6 

0*8604 

19*1 

0*8961 

8*0 

0*9296 

64*8 

0*9701 

661 

0*8174 

42*0 

0*8616 

18*6 

0*8969 

9*0 

0*9306 

66*2 

0*9709 

65-5 

0*8188 

41*6 

0*8622 

180 

0*8966 

10*0 

0*9318 

67*6 

0*9718 

660 

0*8199 

411 

0*8629 

17-6 

0*8974 

no 

0*9329 

68*8 

0*9722 

64-6 

0*8210 

40*6 

0*8686 

16*9 

0*8981 

12*1 

0*9841 

69*0 

0*9726 

64-0 

0*8221 

40*0 

0*8646 

16*4 

0*8989 

13*1 

0*9363 

60*4 

0*9784 

68*6 

0*8227 

39*6 

0*8663 

16*9 

0*8996 

14*2 

0*9364 

61*1 

0*9788 

681 

0*8238 

39*1 

0*8660 

16*6 

0*9000 

16*3 

0*9876 

61*8 

0*9742 

62*6 

0*8249 

38*4 

0*8671 

16-0 

0*9003 

16*0 

0*8384 

68*2 

0*9760 

62-0 

0*8269 

38*0 

0*8678 

14*6 

0*9016 

17-1 

0*9396 

68*9 

0*9764 

61-6 

0*8266 

37*6 

0*8686 

13*9 

0*9023 

18*2 

0*9407 

66*8 

0*9762 

611 

0*8277 

8M 

0*8692 

18*4 

0*9030 

19*3 

0*9419 

66*0 

0*9766 

60-5 

0*8287 

36-4 

0*8702 

13*1 

0*9084 

20*0 

0*9426 

67*4 

0*9774 

60-0 

0*8298 

36*9 

0*8709 

12*6 

0*9041 

21*2 

0*9437 

68*0 

0*9778 

69-5 

0*8308 

36*6 

0*8716 

12*0 

0*9049 

22*2 

0*9448 

69*4 

0*9786 

691 

0*8816 

36*0 

0*8728 

11*4 

0*9066 

28*1 

0*9466 

70*1 

0*9790 

68*6 

0*8326 

84*6 

0*8730 

111 

0*9060 

23*9 

0*9464 

71*4 

0*9798 

68*0 

0*8386 

34*1 

0*8787 

10*6 

0*9067 

24*3 

0*9468 

72*1 

0*9802 

67-6 

0*8847 

33*6 

0*8744 

10*0 

0*9076 

261 

0*9476 

78*6 

0*9810 

671 

0*8364 

32*9 

0*8766 

9*4 

0*9082 

26*8 

0*9488 

74*1 

0*9814 

66*6 

0*8366 

32*4 

0*8762 

8*9 

0*9089 

27-1 

0*9496 

76*4 

0*9822 

660 

0*8376 

320 

0*8769 

8*3 

0*9097 

28*0 

0*9608 

76*1 

0*9826 

66*6 

0*8386 

31*6 

0*8776 

8*0 

0*9100 

29*2 

0*9616 

77-8 

0*9834 

66*0 

0*8366 

31*0 

0*8783 

7-4 

0*9107 

30*1 

0*9622 

78*0 

0*9838 

64*6 

0*8343 

30*6 

0*8790 

7*1 

0*9111 

81*0 

0*9680 

79*2 

0*9846 

64*1 

0*8413 

30*0 

0*8797 

6*6 

0*9118 

32*3 

0*9642 

80*4 

0*9864 

68*6 

0*8424 

29*6 

0*8804 

6*9 

0*9126 

83*2 

0*9660 

81*1 

0*9868 

68*1 

0*8431 

29*0 

0*8811 

6*6 

0*9130 

84*2 

0*9667 

82*8 

0*9866 

62*6 

0*8441 

28*6 

0*8818 

6*0 

0*9137 

86*1 

0*9666 

88*6 

0*9874 

62*1 

0*8448 

28*0 

0*8826 

4-6 

0*9146 

86*1 

0*9678 

84*0 

0*9878 

61*6 

0*8469 

27-6 

0*8832 

3*9 

0*9162 

87-1 

0*9680 

86*2 

0*9886 

61-1 

0*8466 

27-0 

0*8840 

8*8 

0*9169 

88*1 

0*9688 

86*8 

0*9894 

60*6 

0*8476 

26*6 

0*8847 

8-0 

0*9168 

89*1 

0*9696 

87*4 

0*9902 

60*1 

0*8482 

26*0 

0*8864 

2*4 

0*9170 

40*1 

0*9603 

88*0 

0*9906 

49*6 

0*8493 

26*6 

0*8861 

1-9 

0*9178 

41*1 

0*9611 

89*1 

0*9914 

49*1 

0*8499 

26*0 

0*8869 

1*6 

0*9182 

42*2 

0*9619 

90*2 

0*9922 

48*6 

0*8610 

24*6 

0*8876 

1*0 

0*9189 

48*3 

0*9627 

91*2 

0*9930 

48*0 

0*8616 

24*0 

0*8883 

0*3 

0*9196 

44*4 

0*9636 

92*8 

0*9938 

47'6 

0*8623 

28*6 

0*8890 

proof 

0*9200 

46*0 

0*9638 

98*8 

0*9946 

47-0 

0*8683 

28*0 

0*8897 

under 

proof 

46-1 

0*9646 

94*8 

0*9964 

46*6 

0*8640 

22*6 

0*8904 

1*3 

0*9214 

47*8 

0*9664 

96^ 

0*9962 

46*0 

0*8660 

21*9 

0*8912 

2*2 

0*9226 

47*9 

0*9667 

96*4 

0*9970 

46*6 

0*8666 

21*4 

0*8919 

31 

0*9287 

49*1 

0*9666 

97-8 

0^978 

46*0 

0*8666 

20*9 

0*8926 

4*0 

0*9248 

60«8 

0*9674 

98*2 

0^986 

44*6 

0*8673 

20*4 

0*8933 

6*0 

0^269 

61*0 

0^9677 

99*1 

0*9998 

43*9 

0*8583 

19*9 

0*8940 

60 

0*9270 

69*1 

0*9686 

lOOO 

1*0000 

43-6 

0-8590 
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And  now,  by  xeferenoe  either  to  Driiikwater*8,  Tnlle'f,  or  GaT-LuMae'i  Tables, 
)he  operator  inll  be  enabled  to  ilnd,  by  the  knowledge  of  the  denn^  or  ipecifio 
grayity,  at  the  temperature  at  which  the  operation  was  performed,  the  per-centage  of 
real  akohd,  either  by  weight  or  by  yolume. 

In  France,  Oay-Lnssac's  alcoolomUre  if  nsnally  employed.  It  if  a  common  glass 
hydrometer,  with  the  scale  on  the  stem  diyided  into  100  parts  or  degrees.  The 
lowest  dirision,  marked  0,  denotes  the  specific  graTitrjr  of  pore  water ;  and  100,  that 
of  absolute  alcohol,  both  at  16^  C.  (59^  F.)  The  intermediate  degrees,  of  course, 
show  the  per-centsge  of  absolute  alcohol  by  yolume  at  15^  C. ;  and  the  instrument  is 
accompanied  by  the  Tftbles  already  giyen  for  ascertaining  the  per-centage  at  any 
other  tempevatiire. 

MtokoUmitry  (flAmMi  amtainmg  he$itU$  AJeokol,  Saeekarine  Matt9r$^  Colowring 
J^rmeipUi,  ^^  suck  as  Wimsa,  Beer,  Liguewre,  ^. 

In  order  to  determine  the  psoportioii  of  absolute  alcohol  contained  in  wines,  or 
other  mixtures  of  alcohol  and  water  with  saccharine  and  other  non-yolatile  sub- 
stances, the  most  accurate  method  consists  in  submitting  a  known  yolume  of  the 
liquid  to  distillation  (in  a  glass  retort,  for  instance) ;  then,  by  determining  the  specific 
grayity  of  the  distiUecl  product,  to  ascertain  the  per-centage  of  alcohol  in  this  distil- 
Lte,  which  may  be  regarded  as  essentially  a  miztnre  of  pure  alcohol  and  water. 
The  distillation  is  earned  on  until  the  last  portions  haye  the  grayity  of  distilled 
water ;  by  then  ascertaining  the  total  yolume  m  the  distillate,  and  with  Uie  knowledge 
<^  its  per-centage  of  alcohol  and  the  yolume  of  the  original  liquor  used,  the  method  of 
calculating  the  quantity  of  alcohol  present  in  the  wine,  or  other  liquor,  is  sufficiently 
obyious. 

In  carrying  out  these  distillations  care  must  be  taken  to  preyent  the  eyaporation  of 
the  spirit  finm  the  distillate,  by  keeping  the  condenser  cooL  And  Professor  Mulder 
recommends  the  use  of  a  refirigerator,  consisting  of  a  glass  tube  fixed  in  the  centre  of 
a  jar,  so  that  it  may  be  kept  filled  with  cold  water.  The  tube  must  be  bent  at  a 
right  angle,  and  terminate  in  a  (^lindrical  graduated  measore-ghiss,  shaped  like  a 
bottle.> 

It  is  well  to  oontinne  the  distillation  until  about  two-thirds  of  the  liquid  has  passed 
oyer. 

This  process,  thous^  the  most  accurate  ibr  the  estimation  of  the  strength  of  alco- 
holic liquors,  is  still  Hable  to  error.  The  yolatile  adds  and  ethers  nass  oyer  with  Uie 
alcohol  into  the  distillate,  and,  to  a  sli^t  extent,  affect  the  spednc  srayity.  This 
error  may  be,  to  a  great  extent,  oyeroome  by  mixing  a  little  chalk  with  the  wine,  or 
other  liquor,  preyious  to  distillation. 

By  img  method  Professor  Brande  made,  some  years  ago^  determinations  of  the 
strength  of  the  fdlowing  wines,  and  other  l^on:* — 


^ropotium  qfSjpiritpir  Cent,  by  Meaeiwre^ 


Lissa 
B(usin 


Port  {of  7  samples) 

Madeira 

Sheny  (of  4  samples) 

Tenenflb 

Lisbon   • 

Malaga  . 

Bucellas 

Cape  Madeira 

SoussiUon 

Claret    . 

Sauteme         • 

Buxgundy 

Hock     . 

Tent      . 

Champagne    • 

Goosebeny     • 


ayerage  26*41 
n  2612 
„  2609 
„  22*96 
„  22*27 
„  19*17 
.  19*79 
.  18*94 
.  18*94 
18*49 

ayorage  20*61 
„  1900 
„  16*10 
M  14*22 
M  14*67 
„  12*08 
„  18*80 
«  12*61 
.,       11-84 


Orange  • 
Elder     • 


ayerage  11*26 
„        8*79 


Cider      . 

Perry     •        • 

Mead     .        . 

Ale^  Burton       '^ 

Ale,  Edinburgh  \  average    6' 

Ale,  Dorchester  J 

Brown  Stout  . 

London  Porter 

London  Small  Beer 

Branify  .        • 

Bum 

Gin        .        .        . 

Scotch  "Whisky 

Irish  Whisky. 


ayerage  6*21  to  9*87 
7*26 
7*32 


{8*88 
6*20 
6*66 


ayerage 


6*80 
4*20 
1*28 

63*89 
63*68 
67*60 
64*32 
68*90 


*  The OhantotiTeC Wine, liv O.J. Mulder. edited t»7H.BeiioeJoiMs,lU). 

*  Brande'i  Xainial  €<  GbeoMy ;  alio  riiUosopbioal  TcMM.  m^^ 
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The  following  tmdtB  irore  obtained  hy  the  same  chemist  moM  roeozitly  bj  this 
process  (1854)  J— 

Per-cefitage  of  JloohU  by  Vokm9% 


Port  (1834)    .        .        .        , 

22-46 

Sherry  (MontiUa)  .        . 

19-96 
22-40 

Claret  (Haut  Brion) 

10-0 

Chambertin    .        .        •         . 

11-7 

Sherry  (low  quality) 
Sheny  (brown) 

20-7 

.       28-1 

Amontillado  .        ,        •        . 

20-5 

Mansanillii    .       •       .        . 

14*4 

Port(be«t)      . 

20-2 

Maroobrunner 

8-8 

Champagne  ^Ist^ 
Champaone  (2nd) 

,       12-12 
10-85 
6-4 

BxportAle      .» 

6-4 

Strong  Ale      . 

00 

Stont      • 

5-7 

Porter    • 

4*18 

Dr.  Ckriitkm  dit^rmhed  ike  AhohdUe  atmga  qf  WiM  9tfoU§lifif 


Pw-oenti^oC 
abMlnte  alooiMd 

proof  ^uit 

by  wdtfht  la  the 

,^ 

wine 

yOamB 

14-97 

30-56 

16-20 

83-91 

17-10 

37-27 

14-97 

31-31 

13-98 

30-84 

15-37 

38-59 

1617 

35*12 

14-72 

32*39 

16-90 

37*06 

16-90 

86-81 

1409 

30-80 

18-84 

30-21 

15-45 

83-65 

16-14 

34-71 

12-95 

28-30 

12-63 

27*60 

772 

16-95 

7-78 

1706 

7-61 

16-74 

8-9 

18-96 

•31 

22-35 

12-86 

28-37 

8-40 

18-44 

6-90 

15-19 

7-35 

16-15 

5-70 

12-60 

8606 

13-40 

536 

11-91 

Port,  weakest 

mean  of  7  wines     •       •        •  • 

strongest 

White  Port 

Sherry,  weakest 

mean  of  13  wines,  excluding  those  yery ) 

long  kept  in  cask        .       •       .      { 

Shecry,  strongest 

mean  of  9  wines, yeiy  long  kept  in  caski 
in  the  East  Indies       .        •        •      / 

Hadre  de  Xeres      •       •       •        •       • 

--'^{iS'^I^Sf.   :   :   : 

Teneriflfo,  long  in  wk  at  Calcutta  • 

Oeroial    .        • 

Brrlisbon 

Cmras 

Amontillftdo 

Claret,  a  1st  growth  of  1811    .        •        •        • 
ChAteau  Latour,  1st  growth,  1825  • 
Bosan,  2nd  growth,  1825        .... 
Ordinary  Claret,  a  superior  *  Yin  ordinaire*    • 

BiyesAltes 

Malmsey 

Bndesheimer,  superior  quali^        • 
Rudesheimer,  inferior  quality  •        •        •        • 
Hambacher,  superior  quality  .        •        .        . 
Giles*  Edinburgh  Ale,  before  bottling     . 
Same  Ale,  two  years  in  bottle .... 
Superior  London  Porter,  4  mo.  in  bottle  . 


Br.  Benoe  Jones  states  that  the  diff»ent  fermented  liquids  which  he  has  examined 
might,  in  regard  to  their  strength,  or  stimulating  power,  oe  arranged  thus : — 


Cider. 

Porter 

Stout. 

Ale    . 

MoseUe 

Claret 

Burgundy 


100 
109 
133 
141 
158 
166 
191 
191 


Champagne. 
Madeira 
Manala 
Port    . 
Sherry 
Geneva 
Brandy 
Bum  . 


241 
325 
341 
358 
358 
811 
986 
1,243 
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Thus,  ten  glassee  a£  ddes  or  porter,  lix  glasses  of  daret*  ftwe  gUssse  of  Bnigandy, 
fiHur  glasses  oif  champagne,  three  glasses  df  port,  sheny,  or  Marsala,  are  equivalent 
to  one  glass  of  bmndy. 

M.  TAbb^  Bxoflsard-'^daU  of  Toolon,'  has  proposed  to  estimate  the  strength  of 
alcoholic  liquors  by  determining  their  boiling  points  Siaoe  water  boils  at  100^  C. 
(212<>  F.),  and  absolute  alcohol  at  78'4<>  (ITd^"  F.)»  it  is  evident  that  a  mixture  of  water 
and  alcohol  will  have  a  higher  boiling  poiBt  the  larger  Uie  quantity  of  water  present 
in  it  This  method  is  even  applicable  to  miztures  containing  other  bodies  in  solution 
besides  spirit  and  water,  since  it  has  been  shown  that  sugar  and  salts,  when  present 
(in  moderate  quantities),  have  only  a  very  tadfling  effect  in  raising  the  boiling  point, 
and  the  process  has  the  great  advantaffo  of  facility  and  rapidity  of  execution,  though 
of  course  not  eon^paiable  to  the  method  by  distillation,  for  acouzat^. 

Mr.  field's  patent  (1847)  alcoholometer  is  lilcewise  founded  upon  the  same  prin- 
ciple.   The  instnimont  was  subsequently  improved  by  Dr.  Ure. 

The  apparatus  consists  simply  of  a  spuit-lamp  placed  under  a  little  boileor  containing 
the  alcoholic  liquor,  into  whioi  fits  a  thermometer  of  very  ilne  hove. 

When  the  liquor  is  stronger  than  proof  sprity  the  vanation  in  the  boiling  point  is 
so  small  that  an  accuiate  result  cannot  possiblv  be  obtained ;  and,  in  iact,  spirit 
approaching  this  strength  should  be  diluted  with  an  equal  volume  of  water  before 
submitting  it  to  ebullition,  and  then  the  result  doubled. 

Another  source  of  error  is  the  elevation  of  the  boiUng  point,  when  the  liquor  is  kept 
heated  for  any  length  of  time ;  it  is,  however,  nearly  obviated  by  the  addition  of 
conunon  salt  to  the  solution  in  the  boiler  of  the  apparatus,  in  the  proportion  of  35  or 
40  grains.  In  order  to  correct  the  difibrence  arising  from  higher  or  lower  pressure 
of  the  atmosphere,  the  scale  on  which  the  thermometrie  and  other  divisions  are 
marked  is  made  moveable  up  and  down  the  thermometer  tube ;  and  every  time, 
before  commencing  a  set  of  experiments,  a  preliminary  experiment  is  made  of  boiling 
some  pure  distilled  water  in  the  apparatus,  and  the  sero  point  on  the  scale  (which 
indicates  the  boiling  point  of  water)  is  adjusted  at  the  level  of  the  surfaco  of  the 
mercury.  On  p.  56  will  be  found  a  Table  showing  the  Ixnling  point  of  alcohol  t)f 
different  specific  gravities. 

But  even  when  performed  with  the  utmost  care,  this  process  is  18 

still  liable  to  very  considerable  errors,  for  it  is  extremeJy  mfiScult  to 
observe  the  boiling  point  to  within  a  decree ;  and  after  all,  the  fixed 
ingredients  present  undoubtedly  do  seriously  raise  the  bdlinff  point 
of  the  mixture — ^in  fact,  to  the  extent  of  £rom  half  to  a  whole  d^p^ee, 
according  to  the  amount  present. 

Sittemumn*9  Method.  —  M.  Silbermann'  has  proposed  another 
method  of  estimating  the  strength  of  alcoholic  liquors  based  upon 
their  enansion  by  heat.  It  is  well  known  Uuit,  between  sero 
and  100^  C.  (212^'F.),  the  dilatation  of  alcohol  is  triple  that  of 
water,  and  this  difference  of  enansion  is  even  greater  between 
25*»  C.  (77**  F.)  and  50«  0.  (122^'  F.);  it  is  evident,  therefore,  that 
the  expansion  between  these  two  temperatures  becomes  a  measure 
of  the  amount  of  alcohol  present  in  any  mixture,  ^e  presence  of 
salts  and  organic  substances,  such  as  sugar,  colouring,  and  extractive 
matters,  in  solution  or  suspension  in  the  liquid,  is  said  not  materi- 
ally to  affect  the  accuracy  of  the  result;  and  M.  Silbermann  has 
devised  an  apparatus  for  applying  this  principle,  in  a  ready  and 
expeditious  manner,  to  the  estimation  of  the  strength  of  alcoholic 
liquors.  The  instrument  may  be  obtained  <^  the  ^ulosophical  in- 
strument makers  of  London  and  of  Liverpool. 

It  consists  of  a  brass  plate,  on  which  are  fixed— let,  an  Ordinary 
mercurial  thermometer  equated  from  22^  to  50^  C.  (77^  to  122^ 
F.),  these  being  the  working  temperatures  of  the  dUatatometer ;  and 
2ndly,  the  dilatatometer  itself,  which  consists  of  a  glass  pipette,  open 
at  both  ends,  and  of  the  shape  shown  in  the  figure.  A  valve  of  cork 
or  india-rubber  closes  the  tapering  end  ▲,  which  valve  is  attadied  to 
a  rod,  h  b,  fastened  to  the  supporting  plate,  and  connected  with  a 
spring,  n,  by  which  the  lower  orifice  of  the  pipette  can  be  opened 
or  dosed  at  will.  The  pipette  is  filled,  exactly  up  to  the  zero  point, 
with  the  mixture  to  be  examined — ^this  being  accomplished  by  the 
aid  of  a  piston  working  tightly  in  the  long  and  wide  limb  of  the  pipette ;  the 
action  of  which  serves  also  another  valuable  purpose— viz.  that  of  drawing  any 

■OoiiipteBBfliidw,zzTtt«B74«  •  iWd,  zxrU,  418. 


Digitized  by  VjOOQIC 


64 


AliCOHOLOMETRY 


19 


bubbles  of  air  out  of  the  liquid.  By  now  observing  the  dilatation  of  the  oolomn 
of  liquid  when  the  temperature  of  the  whole  apparatus  is  raised,  by  immersion 
in  a  water-bath,  from  26^  to  50^,  the  oo-efficient  of  expansion  of  the  liquid  is 
obtained,  and  henee  the  proportion  of  alcohol — the  instrument  being,  in  met,  so 
graduated,  by  en>eriments  preyiously  made  upon  mixtures  of  known  composition,  as 
to  giye  at  once  the  per-centa^  of  aloohoL 

Another  alcoholometer,  which,  like  the  former,  is  more  remarkable  for  the  great 
facility  and  expedition  with  wbich  approximatiye  results  can  be  obtained  than  for 
a  hign  degree  of  accuracy,  was  iuTented  by  M.  Qeisler,  of  Bonn,  and  depends  upon 
the  measurement  of  the  tension  of  the  vapour  of  the  liquid,  as  indicated  by  the 
height  to  which  it  raises  a  column  of  mercury. 

ueisler*9  Alcoholoineter,  It  consists  of  a  dosed  vessel  in  which  the  alcoholic  mix- 
ture is  raised  to  the  boiling  point,  and  the  tension  of  the  vapour  ob- 
served by  the  depression  of  a  column  of  mercury  in  one  limb  of  a  tube,  the 
indication  being  rendered  more  manifest  by  the  elevation  of  the  other  end 
of  the  column. 

The  wine  or  other  liquor  of  which  it  is  desired  to  ascertain  the  strength, 
is  put  into  the  little  flask,  f,  which,  when  completely  filled,  is  screwed 
on  to  the  glass  which  contains  mercury,  and  is  dosed  bv  a  stopcock  at  s. 
The  entire  apparatus,  which  at  present  is  in  an  inverted  position,  is  now 
stood  erect,  the  flask  and  lower  extremity  of  the  tube  being  immersed  in 
a  water-bath.  The  vinous  liquid  is  thus  heated  to  the  boiling  point»  and 
its  vapour  forces  the  mercury  up  into  the  long  limb  of  the  tube.  The 
instrument  having  been  ffraduated,  once  for  all,  by  actual  experiment, 
the  per-centage  of  alodiol  is  read  off  at  once  on  the  stem  by  the  height  to 
whidi  the  mercurial  odumn  rises. 

To  show  how  nearly  the  results  obtained  by  this  instrument  agree 
with  those  obUuned  by  the  distillation  process,  comparative  experiments 
wore  made  on  the  same  wines  by  Br.  Bence  Jones.^ 


By  Distillation  (Mr.  Witt) 
per  cent,  l^  mearaxe. 

F6rt»  1834 22*46 

Sherry,  MontiUa .        .       •        .       ,  19*95 

Madeira 22*40 

Haut  Brion  claret       •       •       •       •  10*0 

Chambertin         •       •        •       •        •  11*7 

Low-quality  sherry      •       •       •       •  20*7 

Brown  sherry      •       •       •        •       •  28*1 

Amontillado        •       •       •       •       •  20*5 

Hansanilla 14*4 

Fort,  best  .  .  .  .  •  •  20*2 
Maroobrunner  •  •  •  •  •  8*8 
Home  ale     ••••••         6*4 

Export  ale 6*4 

Strong  ale 2*0 


By  AlooliolometGr 
per  cent,  by  niMsnre. 


/23-: 

\28l 


r23-6 
128-2 

rui 

111*1 

18*2 

18*0 

r21*l 

120*9 

r280 

L28-8 

r210 

L21*0 

"15*4 

il5*4 

r21*l 

[21*0 

9-7 

9-5 

7-0 

7*1 

7-0 

6*9 

'10-7 

,10*8 


TiAmii^9  Mttkod. — ^There  is  another  method  of  determining  the  alcoholic  contents 
of  mixtures,  which  sspedally  recommends  itself  on  account  of  its  dmpUdty.    The 

*  On  the  Addity,  BweelaeH,  sad  Strength  o(  diiEerent  Wines,  fay  H.  Benoe  Jones,  lU).,  F.It.S. 
FrooeeOiDgi  o<  the  Boysllnstitatien,  Febroaiy,  18M. 
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■pedflo  gtayity  of  the  liqnor  is  -Biet  determined,  half  its  volume  is  next  eTaposated  in 
the  open  air,  suflBdeiit  -water  is  then  added  to  the  remainder  to  restore  its  original 
Tolnme^  and  the  spedflc  gnmbj  again.asoertained«  By  deducting  the  spedfic  giavity: 
befne  the  expulsion  of  the  alcohol  from  that  obtained  afterwards,  the  di£Eerence  siTes: 
a  spedfio  gnTitr  indicating  the  per-centage  of  alcohol,  -which  may  be  found  by 
refoixng  to  Gay-Luesao's  or  one  of  the  other  Tables.  Tabarii  has  constructed  a  pecu- 
liar instrument  for  determining  these  spedfic  graTities,  -which  he  calls  an  oonometer ;. 
but  they  may  be  pezfonned  either  by  a  spedflo-giaTity  bottle  or  by  a  hydrometer  in 
the  usual  -way. 

Of  course  this  method  cannot  be  absolntely  aecuzate ;  nevertheless,  Prof.  Mulder's- 
experience  -with  it  baa  led  him  to  prefer  it  to  any  of  the  methods  before  described,, 
especially  where  a  large  number  of  sample«haTe  to  be  examined.  He  states  that  the 
results  are  almost  as  apcurate  as  those  obtained  by  distillation.  The  exaporation  of 
the  sohition  may  be  aocelemted  by  conducting  hoi  steam  through  it 

JdvlierationM.r-'AhBolJslbd  al(X)hol  should  be  entirdy  free  from  -water.  This  may  be. 
recc^ppoised  by, digesting  the  spirit  with  pure  anhydrous  sulphate  of  copper.  If  the. 
nmt  contain  any  -water,  the  white  salt  becomea  tinged  blue,  from  the  formation  of^ 
the  blue  hTdrated  sulphate  of  copper. 

Recrifled  spirit^ proof  spirit,  and  the  other  mixtures  of  pure  alcohol  and  -water,, 
should  be  colourless,  free  from  odour  and  taste.  If  containing  methylic  or  amylic 
alcohols,  they  are  immediately  reeognised  by  one  or  other  el  these  simple  tests. 

Dr.  tTre  states  that  if  wood-spirit  be  contmed  in  alcohol,  it  mav  be  detected  to 
the  ^ireatest  minuteness  by  the  test  of  caustiQ  potash,  a  Kttle^  of  which,  ia  powder, 
causing  wood-spirit  to  become  speedilpr  yellow  and  brown,  while  it  gi-res  no  tint  to 
alcoholl  Tlius  1  per  cent,  of  -wcKxl-spirit  may  be  discorered  in  any  sample  of  spirits 
of -wine. 

The  admixture  with  a  larger  proportion  than  the  due  amount  of  water  is  of  course 
determined  by  estimating  the  per-centage  of  absolute  alcohol  by  one.  or  othec  oC  (he. 
seyeral  methods  just  described  in  detail  ;  . 

.  The  adulteiationa  and  sophistications  to-wfajch  the  Tarious  S|drits  knoini  :a«  rum, 
brandy,  whislnr,  gin,  &c  are  subjected,  -will  be  best  deeoribed  under  these  respective . 
heads,  since  these  liquors  are  themselves  mixtures  of  ajto>hol  and  water  with  sugaiTi: 
colouring  matters,  flavouring  ethers,  ^ 

'.  AVDBBTBB.  Aldeh^^  -was  first  obtained  by  I>obereiner,  who  named  itv^  Lig^' 
Oxyaen  Ether,  The  name  is  an  abbre-riation  of  Ahokol  dthydrog9na6mn.  It  is  the. 
fluid  obtained  from  alcohol  by  the  removal  of  two  atoms  of  hydrogen*  Thus,  alcohol . 
being  represented  by  the  formula  C*  H*  0^  (C^  S<  p\  alddiyde  becomes  O  H«  Q* 
(O*  M*  O).    See  lajmc  Acn>. 

.  FnparuUtm, — ^Aldehyde  is  prepared  bv  -various  processes  of  ogridation»  Liebig 
haa  published  seyeral  methods,  of  which  the  following  is  perhaps  the  best. 
Iliree  palts  of  peroxide  of  manganese,  three  of  sujl|^uiic  add,  two  of  water,, 
fnd  two  of  alocOiol  -of  80^  per  cent,  are  well  mixed  and  careftilly  distilled  in 
a  spadous  retort  T^  extreme  volatility  of  aldehyde  renders  good  condensation , 
absolutely  necessary.  The  contents  of  the  retort  are  to  be  distilled  over  a  gentle  and 
manageable  Are  until  frothing  commences,  or  the  distillate  becomea  add.  This 
generalljr  takes  phice  when  about  one-third  has  passed  over.  The  fluid  in  the 
recdver  is  to  have  about  its  own  wdght  of  chloride  of  caldum  added,  and,  after  slight 
digestion,  is  to  be  careAilly  distilled  on  the  -water-bath*  The  distillate  is  aeiin  to  be 
treated  in  the  same  -way.  By  these  processes  a  fluid  -will  be  obtained  entirely  free 
from  -water,  but  containing  several  impurities.  To  obtain  the  aldehyde  in  a  state  of 
purity  it  is  necessary,  in  the  first  place,  to  obtain  aldehvde-ammonia ;  this  ma^  be 
accomplished  in  the  following  manner: — ^The  last  distillate  is  to  be  mixed  in  a 
flask  with  twice  its  volume  of  ether,  and,  the  flask  bein^  placed  in  a  vessel  surrounded 
by  a  freezing  mixture,  dry  ammoniacal  gas  is  passed  in  until  the^  fluid  is  saturated. 
In  a  short  tune  crystals  of  the  compound  sought  separate  in  connderable  quantity. 
The  aldehyde-ammonia,  bdng  cdlectod  on  a  filter,  or  in  the  neck  of  a  frmnel,  is  to 
be  washed  with  ether,  and  dned  by  pressure  between  folds  of  filtering  paper»  followed 
by  exposure  to  the  air.  It  now  becomes  necessary  to  obtain  tha  pure  aldehyde 
m>m  the  compound  with  ammonia.  For  this  purpose  two  parts  are  to  be 
dissolved  in  an  equal  quantity  of  water,  and  three  parts  of  sulphuric  add,  mixed  -with 
four  of  water,  are  to  be  added.  The  whole  is  to  be  distilled  on  the  water-bath,  the 
temperature,  at  first,  bdng  very  low,  and  the  operation  being  stopped  as  soon  as  the 
water  boils.  The  distillate  is  to  be  placed  in  a  retort  connedbed  -with  a  sood  condens- 
ing apparatus,  and,  as  soon  as  all  the  jdnts  are  known  to  be  tight  chloride  of  caldum, 
in  fra^nents,  is  to  be  added*  The  heat  aridng  from  the  hydration  ol  the  chloride 
causes  the  distillation  to  commence,  but  it  is  carried  on  by  a  water-bath*  The  dis* 
tillate,  after  one  more  rectification  over  chloride  of  caldum,  at  a  tempdralure  not 
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idciwding  80^  F.,  -will  eonsiflt  of  pun  aldehyde.  Aldehjdia  is  a  ocdofurioBB,  rtaj 
Tolatile,  and  mobile  fluid,  haTing  the  denmty  0*800  at  33^.  It  boila,  under  ordinarj 
atmofpheric  pneeore,  at  70^  F.  Its  yapoor  density  is  1*AS2.  Its  formula  eocre- 
sponds  to  four  Tolomes  of  vapour ;  we  eonsequently  obtain  the  theoretical  raponr 
diensity  bjmnltaplying  its  atomic  weights 44  by  half  the  density  of  hydrogen,  or 
*0846.  The  mimber  thns  found  is  1*5224,  ooiTesponding  as  nearly  as  could  be 
desired  to  the  experimental  result. 

Aldehyde  is  produced  in  a  great  number  of  processes,  particularly  during  the  de- 
structiYe  distillation  of  various  organic  matters,  and  in  processes  of  oxidation.  From 
alcohol  aldehyde  may  be  procured  by  oxidation  irith  platinum  black,  nitrie  add, 
chromic  acid,  chlorine  (in  peeeenoe  of  water),  or,  as  we  hare  seen,  a  mixture  of 
peroxide  of  man^nese  and  sulphuric  add.  Certain  oils,  by  destruetiTe  distillation, 
yield  it  Wood  vinegar  in  the  crada  state  contains  aldehyde  as  well  as  wood-spirit. 
Lactic  add,  when  in  oombination  with  weak  bases,  vields  it  on  destnictive  &tilla« 
tion.  Yazions  animal  and  vegetable  woduots  affina  aldehyde  by  distillation  with 
oxidiiing.agents,  such  as  sulfuric  add  and  peroxide  of  manganese,  or  bichromate 

lie  word  aldehyde,  like  that  of  alcohol,  is  mdually  becoming  used  in  a  much 
mora  extended  sense  than  it  was  formerly,  fiy  the  term  is  now  understood  any 
organio  substaaoe  which,  by  assimilating  two  atoms  of  hydrogen,  yields  a  substance 
havinff  the  properties  (^  an  alcohol,  or,  by  taking  up  two  atoms  of  oxygen,  yields 
an  aad.  It  is  this  latter  property  which  has  inouced  certain  chemists  to  say 
that  there  is  the  same  relation  between  an  aldehyde  and  its  add  as  between  inorganic 
adds  ending  in  ous  and  ie.  Several  verf  interesting  and  important  substances  are 
now  known  to  belong  to  the  class  of  aldehydes.  Tbe  essential  oils  are,  in  several 
instances,  composed  prindpally  of  bodies  having  the  properties  of  aldehydes.  Among 
the  most  vrominent  may  be  mentioned  the  oik  of  bitter  almonds,  cumin,  dnnamon, 
rae^  fto.  x^ow  that  the  character  of  the  aldehydes  is  becoming  better  understood, 
the  chances  of  aitifldally  produdng  the  essential  oils  above  alluded  to  in  the  com- 
mercial scale  becoAie  greadv  increased.  A  substitute  for  one  of  them  has  been  for 
some  yean  known  under  the  very  inctnreet  name  of  artificial  oil  of  bitter  almonds. 
See  NfiBOTMiioia.— 0.  OW. 

A&BBBTBB  QMMMMf  Aniline  Oreen,  or  Emiraidine.  This  dye  was  discovered 
in  1868  bv  H.  Oherpin,  of  Saint  Ouen,  and  is  employed  for  dyeing  silk ;  the  colour 
is  eepedally  brilliant  bv  candle-light  It  may  be  conveniently  prepared  by  adding 
one-half  part  of  aldehyoe  to  a  cold  solution  of  one  part  of  magenta  in  three  of  strong 
sulphurie  add,  and  one  of  water.  This  mixture,  when  heated,  yields  an  unstable 
blue  substance  known  as  aldehyde  blue.  By  pouring  this  into  a  large  bulk  of  bdling 
water  eontaiidng  about  three  or  four  times  as  much  hyposulphite  cHf  soda  as  magenta 
originallv  em^qyed,  and  then  boQing  and  filtering  the  product,  the  aldehyde  green 
wiU  be  obtained  in  the  filtrate.    See  AnnLnoB. 

IITilMnii  (JLune^  Fr. ;  Brht  O^r. ;  JkmaghUinoia,  lan^  A  tree,  di£fa»nt  spedee 
of  which  are  indigenous  to  EuIop^  Asia,  and  America.  Tne  common  alder  seldom 
grows  to  a  height  of  more  than  40  feet  The  wood  is  stated  to  be  veiy  durable  under 
water.  The  j^es  at  Venice,  and  those  of  Old  London  Bridge,  are  stated  to  have 
been  of  alder ;  and  it  was  much  used  fbr  pipes,  pumps,  and  sluices.  The  charcoal  of 
this  wood  is  used  for  gunpowder. 

The  fermented  infudon  of  pale  malted  barley,  combined  with  infbdon  of 
AA  9  hops.    SeeBmB. 

^  AUnOBIO.    A  Still.     See  BnTHXinoK.     The 

term  is,  however,  applied  to  a  still  of  peculiar  con- 
struction, in  wbieh  toe  head,  or  capital,  is  a  separate 
piece,  fitted  and  ground  to  t^e  neck  of  the  bdler,  or 
cucurbit,  or  otherwise  carefiilly  united  with  a  lute. 
The  alembic  has  this  advantage  over  the  oommon 
retort  that  the  reddne  of  disdUation  may  be  easily 
deared  out  of  the  bodv.  It  is  likewise  capable,  when 
skilAilly  managed,  of  distilling  a  much  larger  quanti^ 
of  li^or  in  a  given  time  than  a  retort  of  e(raal 
capaaty.  In  Fiance  the  term  alembic,  or  rather 
alafnbie,  is  used  to  designate  a  glass  still. 
A&BBIBSOTS,  SA&T  01>.  {8al  Almbroth,^ 
The  ealt  qf  wisdom  of  the  alchemists ;  a  compound  of  bichloride  of  mercury  and 
sal  ammoidac.  If  two  atoms  of  bichloride  of  mercury  are  mixed  with  one  atom  of 
sal  ammoniac  and  eight  atoms  of  water,  at  140^  this  mixture  is  fluid,  but  the  salt  of 
alembroth  oyBtallisee  on  coding 
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Wif0M  %AOMk  A  French  laoe,  of  which  it  is  one  of  the  richest,  finest*! 
strongest^  and  most  expensiye.  It  has  a  six-sided  mesh  of  two  threads  woto  -vith. 
pore  hand-apTin  linen  thread*    See  Licb. 

JkJMMJkJtmaXTMm  A  variety  of  Ohxysoberyl  occurring  in  large  tiHn  crystals, 
which  are  usually  arranged  in  six-rayed  star-shaped' groups.  The  mineral  presents 
an  emerald-green  colour,  due  probably  to  the  presence  of  chromium ;  but  b^  trans- 
mitted light  the  colour  is  cdumbine-red.  Jt  is  found  in  the  emerald-mines  of 
Takowaja,  180  yersts  east  of  Katerinburg,  in  the  Ural  Mountains ;  but  is  not  suffi- 
ciently dear  and  free  from  flaws  to  be  used  as  a  precious  stone. 

A'MlJBi  ( Farech,  Fr. ;  Seegraa,  or  Alge^  Oor.)  An  order  of  cryptogamous  plants, 
including  the  seaweeda  {fueu$)  and  the  layers  {ulva)  growing  in  f»lt  water,  and  the 
freshwater  oonferyas.  we  haye  only  to  deal  with  those  seaweeds  irtnch  are  of  any 
eommermal  yalue. 

Dr.  Pereira  glyes  the  foUowing  Hst  of  esculent  seaweeds : 


Bhodomenia  pahnata  (or  Dulse) 
Bhodommna  cikaia. 
Lammaria  taceiarwa. 


Iridaa  eduUt. 
Maria  e$oulenttt, 
Ulffalatiaikna, 


Rhodomenia  palmata  passes  under  a  yariety  of  names,  dulse,  dylish,  or  dellish,  and 
amongst  the  Highlanders  it  is  called  dulling,  or  watorleaf.  It  is  employed  as  food  by 
the  poor  of  many  nations ;  when  well  washed,  it  is  chewed  by  the  peasantry  of 
Ireland  without  being  dressed.  It  is  nutritious,  but  sudorific,  has  the  smell  of  yiolets, 
imparts  a  mucilaginous  feel  to  the  mouth,  leaving  a  slightly  acrid  taste.  In  Iceland 
the  dulse  is  thorou^y  washed  in  fresh  water  and  <kiea  in  the  air.  When  thus 
treated  it  becomes  covered  with  a  white  powdery  substance,  whidi  is  sweet  and 
palatable;  this  is  manmU  (see  Maiyka),  which  Dr.  Stenhouse  proposes  to  obtain  from 
seaweeds.  *In  the  dried  state  it  is  used  in  Iceland  with  fish  and  butter,  Or  else,  by 
the  hig^  Glasses,  boiled  in  milk,  with  the  addition  df  rye  fiouir.  It  is  preserved 
packed  in  dose  casks :  a  fermented  liquor  is  produced  in  Kamtschatka  from  this 
seaweed,  and  in  the  North  of  Europe  and  in  the  Grecian  Archipelago  cattle  are  fed 
upon  it' — Stenhouae, 

Landnaria  ioocharina  yields  12*15  per  cent  of  matmite,  while  the  Bhodomenia  pai" 
mata  oontains  not  more  than  2  or  3  per  cent 

Iridaa  eduU$. — The  fronds  of  this  weed  are  of  a  dull  purple  colour,  fiat>  and  suc- 
culent It  is  employed  as  food  by  fishermen,  either  raw  Or  piilched  between  hot 
irons,  and  its  taste  is  then  said  to  resemble  roasted  oysters. 

JIaria  eeeulenta, — ^Mr.  Drummond  informs  us  that  oil  the  coast  of  Antrim,  *it  is 
often  gathered  for  eating,  but  the  part  used  is  the  leafiets,  and  not  the  midbnb,  as  is 
commonly  stated.  These  haye  a  very  pleasant  taste  and  fiayour,  but  soon  cover  the 
mouth  with  a  tenadous  greenish  crust,  which  causes  a  sensation  somewhat  like  that 
of  the  fat  of  a  heart  or  ladney.' 

Ulva  laiitnma  (Broad  green  layer!— This  is  ra^ly  used,  being  considered  inferior 
to  the  Tonhfra  laoimata  (Ladniatea  purple  layer).  This  alga  is  abundant  on  all  our 
shores,  ft  is  pickled  with  salt  and  sold  m  England  as  lawr,  in  Ireland  as  $loke,  and 
in  Scotland  as  daak.  The  London  shops  are  mostly  supplied  wiUi  layer  from  the 
coasts  of  Devonshire.  When  stewed,  it  is  brought  to  the  table  and  eaten  with  pepper, 
butter  or  oil,  and  lemon-juice  or  vinegar.  Some  persons  stew  it  with  leels  and 
onions.  The  pepper  dulM  (Laurencia  pinnatifida),  distinguished  for  its  pungent 
taste,  is  often  used  as  a  condiment  when  other  seaweeds  are  eaten.  *  Tangle^ 
(Laminaria  digitaia^  so  called  in  Scotland,  is  termed  *  red-ware.'  in  the  Orkneys, 
*  sea-wand '  in  the  Highlands,  and  *  sea-sirdles '  in  England.  The  fiat  leaUiery  fronds 
of  this  weed,  when  young;  are  employed  as  food.  Hr.  Simmonds  tells  us,  <  There  was 
a  tame  when  the  ciy  of  "Buy  dulse  and  tangle  "  was  as  common  in  the  streets  of 
£(finbur^  and  Glasgow,  as  is  that  of  "water-cresses"  now  in  our  metropolis,'-^ 
Society  of  ArU  Jowmal, 

Laminaria  potatorum, — ^The  large  sea  tangle  is  used  abundantly  by  the  inhabitants 
of  the  Straits  of  Magellan  and  by  the  Fuenans.  Under  the  name  of  <  Bull  Eelp '  it 
is  used  as  food  in  New  Zealand  and  Van  Diemen's  land.  It  is  stated  to  be  exceed- 
ingly nutrftive  and  fattening. 

Chondrui  crispus  (chondrus,  from  x^P^^*  cartilage). — Carrageen,  Irish,  or  pearl 
moss.  For  purposes  of  diet  and  for  medidnal  uses,  this  alga  is  collected  on  the  west 
coast  of  Ireland,  washed,  bleached  by  exposure  to  the  sun,  and  dried.  It  is  not  un- 
frequently  used  in  Ireland  b^  painters  and  plasterers  as  a  substitute  for  size.  It  has 
also  been  successfully  appheo,  instead  of  idnglass,  in  making  blanc-mange  and 
jellies ;  and  !n  addition  to  its  use  in  modidne,  for  which  purpose  it  was  introduced  by 
Dr,  Todhunter^  of  Dublin,  about  1831,  a  thick  mucilage  of  carrageen,  scented  with 
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•ome  prepared  8pirit»  is  sold  as  bandoline,  Ju^ure,  otdyiphitique,  and  it  is  emploTed 
to  stabniiig  aUks.    According  to  Dr.  Bayy,  carrageen. oQi^sists  of .      .  .     .  > 

Gummy  matter         •••■«••  28*5 

Gelatinous  matter     .        .        .        ...        ,  49*0 

Insoluble  matter       •        •        .        •        •       •        «  22*5 

,  100-0 

The  following  results,  obtained  by  Dr.  Apjohn  and  Dr.  Davy,  show,  in  a  satisfao* 
tory  manner,  the  value  of  the  algae.  The  amount  of  water  is  less  than  that  which 
bebngs  to  the  idgce  idien  fresh  from  the  sea,  all  these  hairing  \indorgone  a  partial 
drying  in  the  progress  of  carriage  from  the  coast :— 

Specimens  supplied  by  Dr.  Davy,  and  dne^^t  212®-^ 

Nitrogttk  per  oent« 
CSbofMlfUS  cfifpiM,  bleached     •        «        ..       «.       •        2*162 

Fueu»  VMie¥lo9US    ^ •        2*897 

BhodQnmiafahmta{T>y)^^)..      •       •       •       •       8*776 


Kinds  eCAlgn 


ChondrUi  crispus,  bleached  • 
Chondrti9  orieptu,  unbleached,  Bally 

castle  •  «  .  «  • 
Gigartma  mamn^Ulosa,  Ballycastle 
Chmdrui  criapw,  bleached,  (2nd  ezpe- 

rimett)   ;        .        .        • 
Chondmn  critpus,  unbleached,  Bally 

castle,  (2nd  experiment)  .  • 
Lammam  digitata^  or  IhUse  tangle, 

Ballycastle       •       «        .        .        . 
Laminaria  diffitata,  or  Black  tangle, 

BallycasUe  «  •  •  • 
Rhodomenia  pdlmata,  or  I>7li8h,  Bally< 

eastle       •       •       .       «       « 
Porphyra  laeiniata,  Ballycastle    « 
7ria0a  eiti/i»,  Ballycastle     « 
Maria  $9euUnta,  or  Murlias,  Ballycastle 

Mean  composition  of  these  Algae     . 


Wstor 


17-92 

21*47 
21;56 

19-79 

19-96 

2188 

3105 

16*66 
17-41 
19^1 
17-91 


20*42 


Dry 
Hktter 


Par  Cent. 

(tf  Nitrogen 

in  Dry 


82*08 

78-63 
76-46 

80*21 

80*04 

78*62 

68*96 

83*44 
82*69 
80-39 
82*09 


79*68 


1-534 

2142 
2-198 

1*485 

2-510 

1*688 

1*896 

8*466 
4*650 
8088 
2*424 


2*407 


Protein 

contalnod 

in  Dry 

Xattor 


.  9*687 

13387 
13*737 

9*281 

15*§87 

9*926 

8*726 

21-656 
29062 
19*300 
15150 


16*046 


-  The  Quantity  of  nitrogen  contained  in  some  of  these  plants  is  remarkably  large, 
|tnd  wilL  of  course,  with  the  protoinaceous  substances  detected  in  all  the  Al|^ 
account  for  the  high  nutritiye  value  ascribed  to  them. 

Hocaria  candiaa,--Ceylfm  moss;  Edible  moss.  This  moss  is  exported  from 
the  islands  of  the  Indian  Archipelago,  forming  a  portion  of  the  cargoes  of  nearly 
bM  the  junks.  It  is  stated  by  Mr.  Crawford,  in  his  'History  of  the  Indian  Archi- 
pelago,' that  on  the  spots  where  it  is  collected,  the  prices  seldom  exceed  from  6«.  8^. 
to  78,  (kl,  per  cwt  The  Chinese  use  it  in  the  form  of  a  jelly  with  sugar,  as 
a  sweetmeat  and  apply  it  in  the  arts  as  an  excellent  paste.  The  gummy  matter 
which  they  employ  for  covering  lanterns,  varnishing  paper,  &c.,  is  made  chiefly  from 
this  moss. 

As  ordinarily  sold  in  Ceylon,  it  appears  to  consist  of  several  varieties  of  marine 
productions,  with  the  Hocaria  intenmxed. 

The  Agar- Agar  of  Malacca  belongs  to  this  variety;  and  probably  seaweeds  of 
this  character  are  used  by  the  Salangana  or  esculent  swallow  in  constructing  their 
nests,  which  are  Bsteemed  so  great  a  delicacy  bv  the  Chinese.  Tlie  plant  is  found  on 
the  rocks  of  Pulo  Ticoos  and  on  the  shores  of  the  neighbouring  islands.  It  is  blanched 
in  the  sun  for  two  davs,  or  until  it  is  quite  white.  It  is  obtained  on  submeirged  banks 
in  the  neighbouriiood  of  Macassar,  Celebes,  by  the  B^jow-laut,  or  sea-gipsies,  w:ho 
Mud  it  to  China.    It  is  also  collected  on  the  reefs  and  rocky  suhiaerged  ledges  in  the 
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migfaboorhood  of  Singapore*  Hr.  MontgomeTy  Martin  infiyrms  ns  tliat  Agar-Agar* 
podncos  in  China  ^m  six  to  eight  dollars  per  peenl  in  its  dir  and  bnlkj  state* 
From  6,000  to  12,000  pecols  are  prodnced  annually,  the  pecul  being  equal  to  100 
catties  of  1*888  lbs.  each. 

Similar  to  this,  perhaps  the  same  in  character,  is  the  Aaal'Agal,  another  species 
of  seaweed.  It  mssolyes  into  a  glutinous  substance,  and  its  pnndpal  use  is  for 
gumming  silks  and  paper,  as  nothing  equals  it  for  paste,  nor  is  it  liable  to  be 
eaten  by  insects.  The  Chinese  make  a  beautifol  kind  of  lantern  formed  of 
netted  thread  washed  oyer  with  this  gum,  and  which  is  eztremelj  light  and  trans* 
parent. 

Dr.  Macgowan,  of  Ningpo,  forwarded  to  thd  Society  of  Arts,  through  Sir  John 
Bowring,  the  following  al^  which  he  thus  names  and  describes : — 

Tanskwin  ^rass,  so  named  &om  the  place,  on  the  coast  of  Formosa,  whonco  it  is 
procured.    It  is  used  for  making  yang-tsai  (ocean-yegetable). 

URn^nuiu  (ox-hair)  grass.  Made  into  an  iced  jelly,  and  sold  in  the  streets,  in  hot 
weather,  snared. 

BSti-tid  (sea-tape).  Sent  into  the  interior,  whereyer  fossil  eoal  is  used.  It  is  con- 
sidered oorrectiye  of  the  deleterious  exhalations  of  that  ftiel*  It  is  usually  boiled  with 
pork.    This  kind  comes  from  Shantung  proyince. 

T9Z'Uai  (purple  yegetable).  Often  eaten  as  it  is,  to  giye  a  relish  to  rice,  or 
cooked. 

Fak-imi  (hair  yegetable).  Boiled,  either  with  animal  or  yegetable  articles,  forms 
a  broth.    Also  the  gills  eaten  with  sugar. 

Kuistd  (hen-foot  yegetable).  Cooked  with  soy  or  yineoar.  Used  by  women  to 
make  the  luiir  glossy,  ud  to  strengthen  it.    A  Und  of  Ban£>line. 

Sea-tape,  from  Japan.    It  is  pr^erred  to  the  former. 

Within  the  last  few  years  considerable  improyements  haye  been  e£&ctod  ir  the 
economic  applications  of  algse  or  seaweeds*  Mr.  £•  C*  C.  Stanibrd's  method  of 
utilising  the  marine  algse  is  carried  out  at  the  works  of  the  British  Seaweed  Company 
in  the  Hebrides.  The  seaweed  is  collected  during  the  winter,  and  the  Company  is 
thus  enabled  to  employ  a  large  number  of  hands  at  a  time  when  they  would  otherwise 
be  unoccupied.  T^  oried  and  compressed  weed  is  distilled  in  retorts  at  a  low  red 
heat ;  a  larger  quantity  of  iodine  is  thus  obtained  than  would  be  yielded  by  burning 
the  weed  for  kelp  in  the  ordinary  way,  whilst  the  alkaline  salts  are  obtained  more 
easily  and  economically.  Further,  a  number  of  yolatile  organic  products — such  as  tar, 
ammonia,  and  acetic  add — are  collected  from  the  distillation,  and  an  illuminating  gas 
is  also  obtained :  indeed,  the  Company's  works  are  lighted  by  seaweed  gas.  Finally, 
the  carbonaceous  residue  in  the  retort,  known  as  seaweed  charcoal,  is  recommended 
for  use  as  a  yaluable  deodorizer  instead  of  earth  in  the  dzy-doeet  system.  A  collec- 
tion of  products  obtahied  from  seaweed  by  Stanford's  process  was  exhibited  in  the 
Litematiooal  !Bxhibition  of  1871.    See  Kelp  ;  Iodinb. 

AX4ULBOBA.    See  AuQARoygJA. 

A&OJkmOTB,  FO*WBBS  OW»  Powder  of  AlgarotHf—Enfflith  P&wder,  This 
salt  was  discoyered  by  Algarotti,  a  physician  of  Verona.  Chloride  of  antimony  is 
formed  b^  boiling  blade  sulphide  of  antimony  with  hydrodilorie  add :  on  pouring  the 
solution  into  water,  a  white  flocky  predpitate  falls,  which  is  an  oxychlonde  of  anti- 
mony. If  the  water  be  hot,  the  ^precipitate  is  distinctly  crystaUine ;  this  is  the 
powder  of  algaroth.  This  o^rddonde  is  used  to  fiimish  oxide  of  antimony  in  the 
prepazatiott  of  tartar  emetic 

A&CMLBOVI&IiA*  This  substance  is  called  by  the  Spaniards  Alaaroba,  from  the 
resemblance  it  bears  to  the  fruit  of  the  Carob  {Oeratonia  sUimM),  which  is  a  natiyo 
of  Europe,  in  the  southern  countries  of  Spain  and  FortnmL  It  is  the  fruit  of  a  tree 
which  grows  in  Chili,  of  which  the  botanical  name  is  Prosopia  pallida,  according  to 
Captain  Bagnald,  B.N.,  who  first  brought  a  sample  of  it  to  this  country  in  the  year 
1832.  It  consists  of  pods  bruised  and  agglutinated  more  or  less  with  the  extractiye 
exudation  of  the  seeds  and  husks.  According  to  a  more  recent  determination,  algaro- 
villa  is  said  to  be  the  product  of  the  tree  Juga  Marthae  of  Santa  Martha,  a  proyincb 
«of  New  Carthaffena. 

It  is  an  astringent  substance  replete  with  tannin,  capable,  by  its  infrision  in  water, 
of  tanning  leatiier,  for  which  purpose  it  possesses  more  than  four  times  the  power  of 
good  oak-bark.  Its  aotiye  matter  is  yery  soluble  in  water  at  a  boiling  temperature. 
The  seeds  are  merely  nutritiye  and  demulcent,  but  contain  no  astringent  property. 
This  resides  in  the  husks.  The  seeds  in  the  entire  pod  constitute  about  one-filth  of 
the  weight,  and  they  are  three  or  four  in  number  m  each  oblong  pod.  Alcohol  of 
60  per  cent,  oyer  proof  dissolves  64  parts  in  100  of  this  substance.  The  solution 
consists  chiefly  of  tannin,  with  a  very  little  resinous  matter.  Water  dissolyes  some- 
what more  of  it,  and  afibrds  a  yery  styptic-tasted  solution,  which  predpitates  solutioq' 
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of  ?iy>ti|fWMM  Yttr  eopiooBly,  like  iofnsion  of  galls  and  cftiechu.  lu  sotoUon  forms 
'With  smphate  of  iron  a  hlai6k  precipitate. 

A&OBBIAV  OVTJCf  or  PWTS  IfABBTiB.  A  stalagmitie  carbonate  of  lime, 
resembling  the  alabaster  of  the  ancients.  The  chief  quarries  .are  at  Ain-Tekbalet  in 
the  province  of  Oran,  in  Algeria.  The  deposit  there  forms  regular  beds,  nearly 
hozisontsl,  presenting  a  thickness  of  from  6  to  10  mitres,  and  extending  orer  an  area 
of  more  than  100  hectares.  OriginaUj  the  quarries  were  murked  by  the  Komans,  and 
sabsequently  by  the  Hoors  of  Tlemoen.  A  few  ^ears  a^  they  were  re-discoyered, 
and  are  now  actirely  worked ;  the  marble  being  highly  pnsed  as  an  ornamental  stone. 
A  similar  matCTJal  has  been  found  in  the  Caucasus,  and  is  worked  at  Tiflis. 

^  *-»—■■""'-  (JUmeiUumt  from  do,  to  feed).  The  food  necessary  for  the  human 
body,  and  capable  of  maintaining  it  in  a  state  of  health. 

1.  Nitrogenous  substances  are  required  to  deposit^  from  the  blood,  the  organised 
tissue  and  solid  muscle. 

2.  And  carbonaceous,  non-nitrogenous  bodies,  to  aid  in  the  processes  of  respiration, 
and  in  the  supply  of  carbonaceous  elements,  as  fat,  &c.,  for  the  due  support  of  animal  heat.. 

For  inlbnnatioii  on  these  substances,  consult  liebigVi  •Animal  Chemistry,'  the 
inrestigaUoBS  oi  Dr.  Lyon  Playfbir,  and  Br.  Bobert  Dnndas  Thompson's  '  Bzperi- 
mental  BeseajAes  on  Food,'  1846.    See  Food. 

JLEOMMMTAMT  MUBBTAMOWMm    See  KuTBiTiOlf . 

A&nUkmnra.  OTHK)*  (0>«XH>«).  One  of  the  red  colouring  principles  of 
Kadder.    See  TtfiBnm. 

In  1869  Messrs.  Graebe  and  Liebermium  made  the  important  discoTeiy  that 
alinrine  mi^t  be  produced  artificially  from  anthracene,  one  of  the  heavy  products  of 
coal-tar  distillation.  Both  scientifically  and  commercially,  the  discorezy  was  one  of 
unusual  interest :  it  ftimished  the  first  instance  of  the  synthetical  formation  of  an 
organic  colouring  matter,  and  at  the  same  time  opened  up  a  new  branch  of  industry. 

According  to  Messrs.  Qraebe  and  Liebermann's  original  process,  the  anthracene  was 
first  subjected  to  the  action  of  certain  oxidising  agents,  and  thus  oonyerted  into  a 
compound  called  anthraqtdnone  or  oxanthraoene.  This  conyersion  maj  be  effbcted  by 
heating  one  part  of  anthracene  with  two  part»  of  bichromate  of  potash  and  sulphuric 
acid,  or  by  heating  one  part  of  anthracene  with  two  parts  of  bichromate  of  potash 
tog(^er  with  one  |part  of  glacial  acetic  add.  The  anthraquinone  thus  obtained 
is  then  conyerted  into  a  bibromide  by  being  heated  with  bromine,  finally, 
this  dibromantkra^^e  is  heated  to  about  866^  F.  with  caustic  potash  or  soda,  and 
thus  yields  a  blue  product,  which  when  cold  is  treated  with  water ;  an  excess  of  acidis 
then  added  to  the  filtered  solution,  and  the  yellow  precipitate  thus  thrown  down  is 
washed  and  dried  at  a  gentle  heat  This  precipitate  is  identical  in  chemical  composi- 
tion and  in  its  properties  with  the  alisarine  of  tne  madder-root. 

Valuable  as  these  researches  were  in  a  scientific  point  of  yiew,  it  remained  for  Mr. 
Peridn  to  render  the  process  econondcally  available  to  the  manufiftctnrer  by  introducing 
important  modifications,  whereby  the  use  of  an  expensiye  a^^ent  like  bromine  was 
dispensed  with.  Mr.  Peridn  showed  that  when'  anthraquinone  is  strongly  heated  with 
sulnhurio  acid  of  spedfio  gravity  1*84,  it  is  conyerted  into  disulphoanthroquinonie 
acid,  and  that  this  acid,  when  heated  with  hydrate  of  potash  to  a  temperature  of 
366^  F.,  ultimately  yields  sul^te  and  alizarate  of  potash,  from  which  the  alixarine 
may  be  thrown  down,  as  a  fanght  yellow  preciintate,  oy  addition  of  hydrochloric  acid. 

hl§WhT»iM  A  term  deriyed  from  the  Arabians,  and  introduced  into  Eurone  when 
the  Mahometan  conquerors  pushed  their  conquests  westward.  Al,  el,  or  ul,  as  an 
Arabic  noun,  denotes  '  God— BLeayen — ^Divine.  As  an  Arabic  particle,  it  is  prefixed 
to  words  to  giye  them  a  more  emphatic  signification,  much  the  same  as  our  particle 
^;  as  in  Alcoran,  the  Koran,  aickymUt,  the  chemist. 

Bali  was  the  old  name  for  the  plant  producing  j^otash  (the  glasswort,  so  called 
from  its  use  in  the  manufacture  of  (Jass),  and  aUcali  signified  no  more  than  the  kali 
plant  Potash  and  soda  were  for  some  time  confounded  together,  and  were  hence 
called  alkalis.  Ammonia,  which  much  resembles  them  when  dissolyed  in  water, 
was  also  called  an  alkali.  Ammonia  was  subsequently  distinyiished  as  the  volatiU 
alkali,  potash  and  soda  being  called  fixed  alhdit.  Ammonia  '^jras  also  called  the 
animal  alkali ;  soda  was  the  mineral  alkali,  being  deriyed  from  rock-salt»  or  from 
the  ocean ;  and  potash  receiyed  the  name  of  yegetable  alkali,  from  its  source  being 
the  ashes  of  plants  growing  upon  the  land.  Alkedis  are  characterised  by  being  yezy 
soluble  in  water,  by  neutralising  the  stronffest  acids,  by  turning  to  brown  the  yege- 
table yellows,  and  to  green  the  yegetable  reds  and  bluos. 

Some  chendsts  classify  all  salifiable  bases  under  this  name. 

In  commercial  language,  the  term  has  been  hitherto  applied  to  an  impure  soda,  but 
now  it  is  understood  to  comprehend  both  soda  and  potasn.  The  imports  and  exports 
of  the  alkalis  are  given  on  tiio  opposite  page.    See  roTASH  and  Soda. 
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Of  Alkali  iiMuin&(jfaued  in  the  United  Kingdom  Um  foUowing  ^[nantitieB  w»m 


1870               jl              1871 

187S 

Qoantitj 

Value 

I  -             ■ 
QiMntUy 

Value 

Quantity 

Value 

TDBoflrift        .... 
n  Germtinj    .... 
„  HoDand      .       •       .       • 
„  Pnnoe       .... 
„  UnitedStstM     .       .       . 
„  OtfattOrantrics.      •      . 

Total   •       . 

cwts 
256,210 
485^454 
817,892 
146,027 
1,908,640 
844470 

129,427 
155,268 
57,212 
58,657  ' 
756,888 
884,658 

1^ 

181,994 
349488 
81,288 
64,498 
827,051 
896,810 

cwts 
264429 
677,594 
260,085 
88,984 
2,190,559 
.976,754 

£ 
177,017 
882,829 
104,244 
44,878 
1,350,501 
579^ 

8,868,808 

1,486,045 

4,178,667 

1,747.369 

4,458,045 

3,489,868 

The  Impobts  of  all;ali  were  aa  foUowa : — 

I    cwts     I      £      j 
AlkaU  Imported       •      .       .|    83,487    |    168,0411 


101,560 


144,996  1 


OWtS/    I  £ 

88,931     I     164,680 


These  quantities  were  from  GermaByv  Spain,  the  United  States,  and  other  parts  of 
America,  and  small  qoantitaes  from  a  few  other  places. 

AliWAT>T,  OMUAMtOt  or  A&XA&OZB.  Boring  the  last  few  Tears  tho 
eiganic  alkaloids  hare  so  greatly  incveased  in  number,  that  a  considerable  Toltune 
Bight  be  deroted  to  their  history.  In  Watts's  *  Chemical  Dictionary'  will  be  found 
a  long  lisfc  of  the  most  important  nitrogen-alkaloids,  natural  and  artificial,  with  a 
statement  of  the  somcces  from  which  they  are  deriyed,  or  a  description  of  their  mode 
of  formation.  There  are»  howerer,  only  a  few  which  haye  oecome  articles  of 
eorameroe.  The  principal  sources  team  whence  they  are  obtained  are  the  following: 
— 1.  The  animal  idngdom.  2.  The  yegetable  kingdom.  8.  Destroctiye  distillation. 
4.  The  action  of  potuh  on  the  cyanic  and  cyannric  ethers.  5.  The  action  of  ammonia 
on  the  iodides,  he,  of  the  alcohol  radicals.  6.  The  action  of  redndng  agents  on 
mtro-compoonds.  The  principal  bases  existing  in  the  animal  kingdom  are  creatine 
and  saioosine.  The  yegetable  kingdom  is  much  richer  in  them,  and  jjrields  a  great 
nnmber  of  organie  alkaBs,  of  whi^  seyeral  are  of  extreme  yalue  in  medicine.  Modem 
(demists  regaod  all  organic  alkalis  as  deriyed  from  the  types  ammonia  or  oxide  of 
anunoninm.  Their  study  has  led  to  results  of  the  most  startliiim;  character.  It  has 
been  found  that  not  only  may  the  hydrogen  in  ammonia  and  oxide  of  ammonium  be 
replaced  by  metals  and  compouid  radieab  without  destruction  of  the  alkaline  character, 
m  eren  the  nitrogen  may  be  replaced  by  phosphorus  or  arsenic,  and  yet  the  resulting 
compounds  remain  powerflilly  basic.  In  studying  the  organic  bases,  chemists  haye 
constantly  had  in  yiew  the  artificial  production  of  the  bases  of  cinchona  bark.  It  is 
true  that  this  result  has  not  as  yet  been  attained ;  but,  on  the  other  hand,  bodies  haye 
been  formed  haying  so  many  analogies,  both  in  constitution  and  properties,  with  the 
substances  sought,  that  it  cannot  be  doubted  the  qitestion  is  mertty  one  of  time.  The 
part  performed  by  the  bases  existing  in  the  juice  of  flesh  has  not  been  ascertained, 
and  no  special  remedial  yirtues  haye  been  detected  in  them;  but  this  is  not  the  case 
with  those  found  in  yegetables ;  it  is,  in  &ct,  among  them  that  the  most  potent  of  all 
medicines  are  found— ^uch,  for  example,  as  quinine  and  morphia.  It  is,  moreoyer, 
among  yegetable  alkaloids  that  we  find  the  substances  most  inimical  to  life,  for 
aoonitine,  atropine,  brucine,  coniine,  curarine,  nicotine,  sidanine,  stiydmine,  ^cc  &c, 
are  among  their  number.  It  must  not  be  forgotten,  howeyer,  that,  used  with  proper 
precaution,  oyen  the  most  yirulent  are  yaluable  medicines.  The  fearftilly  poisonous 
nature  of  some  of  the  organic  bases,  together  with  an  idea  that  they  are  difficult  to 
detect,  has  unhappily  m  to  their  use  by  the  poisoner;  strychnine,  especially,  has 
acquired  a  painftu  notorie^,  in  consequence  of  its  employment  b^r  a  medical  man  to 
destroy  persons  whose  liyes  he  had  insured.  Fdrtnnater^  for  society,  the  skill  of  the 
analyst  bas  more  than  kept  pace  with  that  of  the  poisoner ;  and  without  regarding  the 
extrayagant  assertions  made  by  some  chemists  as  to  the  minute  quantities  of  yegetable 
poisons  they  are  able  to  detect,  it  may  safely  be  asserted  that  it  would  be  yeij  cBffieult 
Co  admiidster  a  hAal  dose  of  any  ordinary  regsfshie  poison  without  its  being  discoyered. 
Another  cheek  upon  the  poisoner  is  found  in  the  fact  that  those  most  difficult  of 
isolation  frran  complex  mixtures  are  those  which  cause  such  distinct  symptoms  of 
poisoning  in  the  yrctim,  that  the  medical  attendant,  if  moderatdy  obseryant,  can 
scarcely  fail  to  haye  his  suspicions  aroused. 

Under  the  heads  of  the  yarions  alkaloids  will  be  found  (where  deemed  of  sufficient 
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importanoe),  not  merely  the  mode  of  preparation,  but  also  the  easiest  method  of 
detection,— 0.  G.  W. 

A  TtT  ilTiIMJCTMU  There  are  Tarions  kinds  of  alkalimeters,  bnt  it  will  be  more 
conyenient  to  explain  their  ^onstmction  and  nse  in  the  artide  on  Alxaumbtbt,  to 
which  the  reader  is  referred. 

A TjM  tk  Til MJiTJtT»    1.  The  object  of  alkalimetry  is  to  determine  the  quantity  of 

eanstic  alkali  or  of  carbonate  of  alkali  contained  in  the  potash  or  soda  of  commerce. 

The  ^ruiciple  of  the  method  is,  as  in  acidimetzy,  based  npon  Dalton's  law  of  chemical 

combining  ratios— that  is,  on  the  fact  that  in  order  to  produce  a  complete  reaction  a 

certain  definite  weight  of  reagent  is  required,  or,  in  other  words,  in-order  to  saturate 

or  completely  neutralise,  for  example,  one  eouiyalent  of  a  base,  exactly  one  equiyalent 

of  acid  must  be  employed,  and  ifice  ifersd.    This  haying  been  thoroughly  explained  in 

the  article  on  AomnaTBr,  the  reader  is  referred  thereto. 

2.  The  composition  of  the  potash  and  of  the  soda  met  with  in  commerce  presents 

yery  great  yariations ;  and  the  yalue  of  these  substances  being,  of  course, 

21         in  proportion  to  the  quanticlj  of  real  alkali  "v^hid^  they  contain,  an  easy 

—  and  rapid  method  of  determining  that  quantity  is  obyiously  of  the  greatest 

im^rtance  both  to  the  manufacturer  and  to  the  buyer.    The  process  by 

which  this  object  is  attained,  though  originally  oontriyed  exdusiyely  for 

the  determination  of  the  intrinsic  yialue  <$  these  two  alkalies  (whence  its 

name  Alkalimlstry),  hks  since  been  ex- 

23  tedded  to  that  of  ammonia  and  of  earthy 

bases  and  their  carbonates,  as  will  be 

«hown  presently, 

8.  Before,  howeyer,  entering  into  a  de- 
scription of  the  process  itself,  we  will  giye 
that  of  the  instrument  employed  in  this 
method  of  analysis,  which  instrument  is 
called  an  alkalmeter, 

4.  The  common  alkalimeter  is  a  tube 
dosed  at  one  end  (see  fy.  21),  of  about 
}th8  of  an  inch  internal  diameter,  about 
9^  inches  long,  and  is  thus  capable  of 
containing  1,000  grains  of  puro  distilled 
water,  tioespaceoocupiedb^the  water  is 
diyidedaocuratdy  into  100  dirisions,  num- 
bering from  aboye  downwards,  each  of 
which,  therefore,  ropresents  10  grains  of 
distilled  water. 

6.  When  this  alkalimeter  is  used,  the 
operator  must  carefully  pour  the  add  from 
it  by  donng  the  tube  with  his  thumb,  so 
as  to  aUow  the  add  to  trickle  in  drops  as 
occasion  may  requin ;  and  it  is  well  also  to 
cmear  the  ed^e  of  the  tube  with  tallow,  in  order  to  preyent  any  portion  of  the  test 
add  from  beu^  wasted  by  running  oyer  the  outside  after  pouring,  which  accident 
.would,  of  eofone,  render  the  analysis  altogether  inaccurate  and  worthless ;  and,  for 
the  same  reason,  after  haying  once  begun  to  pour  the-add  from  the  alkalimeter  by 
allowing  it  to  trickle  between  the  thumb  and  the  edge  of  the  tube,  as  aboye  men- 
.tioned,  the  thumb  must  not  be  remoyed  from  the  tube  till  the  end  of  the  experiment, 
for  otherwise  the  portion  of  add  which  adheres  to  it  would,  of  course,  be  wasted 
And  ritiate  the  result  This  uncomfortable  precaution  is  obyiated  in  the  other  forms 
of  alkalimeter  now  to  be  described. 

6.  That  represented  in  >^.  22  is  6by-Lussac's  alkalimeter ;  it  is  a  glass  tube  about 
14  inches  hij^  and  ^  an  indi  in  diameter,  capable  of  holding  moro  tl^  1,000  grains 
:of  distilled  water;  it  is  aocuxatdy  graduated  from  the  top  downwards  into  100 
diyisions  in  sudi-a  way  that  eadi  cuyidon  may  contain  exactly  10  grains  of  water. 
It  has  a  small  tube,  b,  communicating  with  the  larger  one,  whidi  small  tube  is  bent  and 
beyelled  at  Uie  top,  c.  This  yery  ingenious  instrument  known  also  under  the  names 
•of  *  burette*  and  'pouret,*  was  oontriyed  by  Gay-Lussac,  and  is  b^  fur  more  conyenient 
than  the  common  alkalimeter,  as  by  it  the  test  add  can  be  nnemngly  {poured  drop  by 
.drop,  as  wanted.  The  only  drawbadc  is  the  fragility  of  the  small  dde-tube,  o,  on 
which  acoonnt  the  common  alkalimeter,  represented  in  Jiff,  21,  was  generally  used, 
especially  by  workmen,  because,  as  it  has  no  side-tube,  it  is  less  liable  to  be  broken; 
but  it  ^yes  less  accurate  results,  a  portion  of  the  add  being  wasted  in  yarious  ways, 
and  it  IS  beddes  less  manageable.  Gay-Lussac's  'burette  is  thereforo  proforable; 
-#zid  if  melted  wax  be  run  between  the  topace  of  the  large  and  of  the  small  tube,  the 


y^ 


i  8S' 

J  90 


© 


Digitized  by  VjOOQIC 


ALKALlMEtilt 


?d 


insfcrnxiiBnt  is  Tendered  mnch  leetb  liable  to  iijuiy ;  it  is  geaerally  sold  with  a  separate 
irooden  foot  or  socket^  in  which  it  may  stand  verticallT. 

7.  The  preceding  form  of  alkalimeter  {fig,  23),  which  I  contrired  several  years 
ago,  will,  I  think,  be  found  equally  delicate,  but  more  conyenient  still  than  that  of 
&y-LtiBBac.  It  consists  of  a  glass  tube  a,  of  the  same  dimensions  and  graduated  in 
the  same  manner  as  that  of  Gay-Lussac ;  but  it  is  provided  with  a  glass  foot,  and  the 
upper  part,  b,  is  shaped  like  the  neck  of  an  ordinary  glass  bottle;  c  is  a  b^ilb  blown 
Aram  a  glass  tube,  one  end  of  which  is  ground  to  fit  the  neck,  b,  of  the  alkalimeter, 
yke  an  ordinary  glass  stopper.  This  bulb  is  drawn  to  a  capillary  point  at  d,  and  has 
a  somewhat  large  opening  at  b.  With  this  instrument  the  add  is  perfectly  under 
the  control  of  the  operator,  for  the  globular  joint  at  the  top  enables  him  to  see  the 
liquor  before  it  actiutlly  begins  to  drop  out^  and  he  can  then  regulate  the  pouring  to 
the  greatest  nicety,  wlulst  its  more  substantial  form  renders  it  much  less  liable  to 
accidents  than  that  of  Gay-Lussae ;  the  glass  foot  is  extremely  eonyenient,  and  is  at 
the  same  time  a  great  ad^tional  security.  The  manner  of  using  it  will  be  described 
further  on. 

8.  Another  alkalimeter  of  the  same  form  as  that  which  I  haye  just  described, 

27 


except  that  it  is  cCll  in  one  piece,,  an^  has  no  globular  enlargement,  is  ropresentpd  in 
fig,  24.  Its  construction  is  otherwise  the  same,  and  the  resets  obtained  «re  equally 
delicate ;  but  it  is  less  under  perfect  control,  and  the  test  add  is  yery  liable  to  run 
down  the  tube  outside :  this  defect  might  be  easily  remedied  by  drawing  the  tube  into 
a  finer  and  more  delicate  point,  instead  of  in  a  tluck  blunted  projection,  from  which 
the  last  drop  eannot  be  detached,  or- only  with  difficulty  and  imperfectly,  A  glass 
foot  would  moreoyer  bean  improvement; 

.  9.  With  Schuster's  alkalimeter  (represented  in^.  26),  the  strength  of  alkalis  if 
determined  by  the  weight,  not  by  the  fMoswrej  of  the  acid  employed  to  jieutralise  the 
ialkali :  it  is,  as  may  be  seen,  a  small  bottle  of  thin  glass,  having  the  form  pf  the  head 
txf  the  alkalimeter  represented  in  fig.  23;  We  shall  describe  further  on  the  process  of 
Analysis  with  this  alkalimeter. 

*^  10,  The  alkalimeter  most  used  now  is  that  known  as  Mohr^s  {fig,  26\  Itconsists  of 
«  stxaight  graduated  tube,  having  its  lower  extremity  contracted  and  drawn  out  so  ^ 
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to  fonn  a  short  narrow  fcabe,  over  which  is  secnreda  pieee  of  eaoatdKMe  Uibing.  This 
18  terminated  hj  a  fine  glass  jet  made  by  dxawing  out  a  peee  of  quill  tabing^  so  as  to 
deliver  the  solntioa  eontained  in  the  alkalimeter  m  a  fine  stream,  or  by  single  dnms,  as 
required.  A  sj^ng  damp  s  (fy.  27)  is  used  to  regulate  the  flow  of  the  liquid.  A 
screw  damp,  with  one  end  attedied  to  the  support  St  the  burette,  is  still  better,  as  it 
enables  the  operator  to  deliver  the  test  liquor  at  any  dedred  rate,  and  leaves  both 
hands  free.  Instead  of  a  damp  a  short  piece  of  glass  rod,  of  a  diameter  slightly 
greater  than  the  bore  of  the  caoutchouc  tube,  may  be  introduced  between  the  end  <^  the 
alkalimeter  and  the  jet  By  slightly  pinching  the  rod  between  the  thumb  and  fore- 
finger, the  caoutchouc  tube  is  expanded  lat^idly,  and  allows  the  liquid  to  escape 
between  the  glass  rod  and  its  inner  surface,  efiEectually  dosing  again  the  moment  the 
pressure  is  relieved.  A  float  (^.  28}  may  bo  used  with  advantage  with  these 
burettes.  It  consists  of  a  short  glass  tube,  dosed  at  both  ends,  and  weighted  with 
mercury,  so  as  to  float  upright  and  rise  but  little  out  of  the  liquid.  A  lino  is  etched 
round  tiie  middle  of  the  float,  and  firom  this  all  readings  off  are  made,  without  regard 
to  the  upper  surface  of  the  fluid.  The  float  should  flt  pretty  dosely,  but  easily,  and 
the  line  round  it  should  be  perfectly  horisontal,  or  inaoeurades  wiU  be  intzoduoed  into 
the  readings.  There  are  several  other  forms  of  alkalimeter,  but  whichever  of  them  is 
employed  the  process  is  the  same — ^namely,  pouring  carefiilly  an  add  of  a  known 
strengpi  into  a  known  weight  of  the  alkali  under  examination,  until  the  neutralising 
point  is  obtained,  as  will  be  fully  explained  presently. 

11.  Blue  litmus-paper  beinff  immediately  reddened  by  adds  is  the  reagent  used  for 
ascertaining  the  exact  point  of  the  neutralisation  of  the  alkali  to  be  tested.  It  is  prepared 
by  pulverising  one  part  of  commercial  litmus,  and  digesting 
it  in  six  parts  of  cold  water,  filtering,  and  dividing  the  blue 
liquid  into  two  equal  portions,  adding  carefully  to  one  of  the 
portions,  and  one  drop  at  a  time,  as  much  venr  dilute  sulphuric 
acid  as  is  suffident  to  impart  to  it  a  slight  red  colour,  and 
pouring  the  portion  so  treated  into  the  second  portion,  which 
IB  intensely  blue,  and  stirring  the  whole  top;ether.  The  mix- 
ture so  obtained  is  neutral,  and  by  immersing  slips  of  white 
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blotting-paper  into  it,  and  carefiilly  drying  them  by  hanging  them  on  a  stretched 
piece  of  throad,  an  exceedingly  sensitive  test  paper  of  a  light  blue  colour  is  obtained, 
which  should  be  kept  in  a  wide-mouth  gUss-stoppefod  bottle,  and  shdtered  from  the 
air  and  light 

12.  Since  the  prindple  on  which  alkalimetry  is  based  eonnsts  in  determining  the 
amount  of  add  which  a  known  wdght  of  alkali  can  saturate  or  neutralise,  it  is  dear 
that  any  add  having  this  power  can  be  employed. 

18.  The  test  add,  however,  generally  preferred  for  the  purpose,  is  sulphuric  add, 
becauso  the  normal  solution  m  that  acid  is  more  easily  prepared,  is  less  liable  to 
change  its  strength  by  keq^iuff,  and  has  a  stnmger  reaction  on  litmus-paper  than  any 
other  add.  It  is  true  that  other  adds — tartaric  add,  for  example— can  m  procured  (^ 
greater  purity,  and  that  as  it  is  dry  and  not  caustic,  the  quantities  required  can  be 
moro  comfortably  and  aceuratdy  weighed  off;  and  on  this  account  some  chemists, 
lifter  Buchner,  recommended  its  use,  but  the  fiicility  with  whidi  its  aqueous  solution  be- 
comes mouldy  is  so  serious  a  drawback,  that  it  is  hardly  ever  resorted  to  for  that  object. 

14.  When  sulphuric  add  is  employed,  the  pure  add  in  the  maxininm  state  of  con- 
centration, or,  as  it  is  called  by  chemists,  the  intrs  hydrate  of  snlpfaorie  add,  spedfie 
gravity  1*8485,  is  preferable.  Sudi  an  add,  however,  is  never  met  with  in  commerce^ 
for  the  ordinary  English  dl  of  vitriol  is  sddom  pure,  and  never  to  the  maximum  state 
of  concentration ;  the  operator,  however,  may  prepare  it  by  distilling  ordinary  oil  of 
ritriol,  but  as  the  spedfie  heat  of  the  vapour  of  sulphuric  add  is  vezy  small,  tha 
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^stiUation  is  a  somawhat  haiardooB  operation,  anless  peenliar  preeantion  be  taken. 
The  following  appaxatos,  howerer,  allows  of  the  add  being  dtdtified  in  a  |>erfectlpr  safe 
and  eonrenienfe  nmnner ;  it  conaiflta  of  a  plain  glass  letoit,  charged  with  oil  of  Titriol : 
a  little  protosnlphate  of  iron  is  added,  for  the  purpose  of  destroyine  any  nitrons  pro- 
docts  which  the  add  may  eyolre,  and  it  is  then  placed  into  a  thunder  of  iron,  the 
bottom  of  which  is  perforated  with  holes  about  three-qnarters  of  an  indi  in  diameter, 
except  in  the  middle,  where  a  large  hole  is  cut  of  a  suitable  size  for  the  retort  to  rest 
npon ;  the  sides  of  the  cylinder  are  likewise  perforated,  as  represented  in  fig,  29. 
Ignited  charcoal  is  then  placed  all  round  the  retort,  the  bottom  of  which  protruding 
out  of  the  influence  of  the  heat,  allows  the  ebnllilaon  to  proceed  fhun  tiie  ndes  only^ 
It  is  well  to  put  into  the  retort  a  few  f^ragments  of  quarts  or  a  few  lengths  of  platinum 
wire,  the  e£Eeet  of  which  is  to  render  the  ebullition  more  reffidar. 

16.  In  order  to  pnvent  the  add  fames  ixom  condensing  in  the  iieek  of  the  retort,  it 
ahovild  be  coyered  with  a  oi?er  of  sheet  iron,  as  represented  in  fig,  29. 

16.  Theflrst  fourth  part  whidi  distils  over  should  be  rejected,  because  it  is  too 
weak ;  the  next  two-fotuths  are  kept,  and  the  operation  is  then  stopped,  learing  the 
last  fourth  part  of  the  add  in  the  retort  The  neck  of  the  retort  shoud  be  about  four 
feet  long  aiioL  about  one  aad  a  half  inches  in  the  bore,  and  be  connected  with  a  large 
reoeiyer;  and  aa  the  nedn  of  retorts  are  generally  mudi  too  short  for  the  purpose,  an 
adapter  tube  should  be  adjusted  to  it  and  to  the  reodyer,  but  yery  looedy ;  tiiis  precau- 
tion is  absolntdy  necessary,  for  otherwise  the  hot  add  falling  on  the  sides  of  the 
reeeiyer  would  cnek  it;  things,  in  fact,  should  be  so  arranged  that  the  hot  drops  of 
the  distilling  add  may  fall  into  the  acid  which  has  already  distilled  oyer.  Bo  not 
BmrouBd  the  recdyer  with  cold  water,  for  the  hot  add  dropmng'on  the  refrigerated 
surface  would  also  ceiteinfy  crack  it  The  add  so  obtaiiMd  is  pure  oil  of  yitriol,  or 
monohydrated  sulphurio  aod,  SO*,  HO,  and  it  should  be  kept  in  a  well-stoppered  and 
dry  flask. 

17.  For  eommerdal  assays,  howeyer,  and,  indeed,  for  eyery  purpose,  the  ordinary 
concentrated  sulphuric  add  answers  yery  well :  when  used  for  the  determination  oi 
the  yalue  of  potashes,  it  is  made  of  such  a  strength  that  each  diyision  (or  10  water- 
grains*  measure)  of  the  alkalimeter  saturates  exactly  one  grain  of  pure  potash ;  an 
acid  of  that  paiticular  strength  is  prepared  as  follows : — 

18.  Take  112*76  grains  of  pure  neutral  and  anhydrous  carbonate  of  soda,  and  dis- 
sdye  them  in  about  6  fluid  ounces  of  hot  water.  >  This  quantity,  namely,  112*76 
grains,  of  neutral  carbonate  of  soda  will  exactly  saturate  the  same  quantity  of  pure 
anlphurie  add  (SO")  that  100  grains  of  pure  pc^h  would.  It  is  adyisable,  howeyer, 
to  prepare  at  once  a  larger  quantity  of  test  solution  of  carbonate  of  soda,  which  is  of 
course  easily  done,  as  tnll  be  shown  presently. 

19.  2lGx,  now,  1  part  by  measure,  of  concentrated  sulphuric  add  with  10  parts  of 
water,  or  rather—as  it  is  adyisable,  where  alkalimetrical  assays  haye  frequently  to  be 
nmde,  to  keep  a  stock  of  test  add — ^mix  1,000  water-grains'  measure  of  concentrated 
sulpluiric  aad  with  10,000  grains  of  water,  or  any  other  larger  proportions  of  concen- 
trated sulphuric  add  and  water,  in  the  abore  respectiye  proportions ;  stir  the  whole 
well,  and  allow  it  to  cooL  The  mixture  of  the  acid  with  the  water  should  be  made 
by  flrst  putting  a  certain  quantity  of  the  water  into  a  glass  better  or  matrass  of  a 
suitable  dze,  then  pouring  the  concentrated  add  slow^  therdn,  while  a  gyratory 
motioo  is  imparted  to  the  h<}uid.  The  yessel  containing  Uia  add  is  then  rinsed  with 
the  water,  and  both  the  rinsing  and  the  rest  of  the  water  are  then  added  to  the  whole 
mass.  When  quite  cold,  fill  the  graduated  alkalimeter  with  a  portion  of  it  up  to  tiie 
pdx^  marked  0^  taking  the  under  Une  of  the  liquid  as  the  true  leyel;  and  whilst 
stirring  briskly  with  a  ^ass  rod  the  aqueous  solution  of  the  113*76  grains  of  neutral 
carbonato  of  soda  aboye  alluded  to,  drop  the  test  add  from  the  alkalimeter  into  the 
yinrtez  produced  by  stirrings  until,  by  testing  the  alkaline  solution  with  a  strip  of 
reddenea  litmus-^per  after  eyery  addition  of  add,  it  is  found  that  it  no  longer  shows 
an  alkaline  reacUon  (whidi  is  Imown  by  the  slip  oS  reddened  litmus-paper  not  bdng 
rendered  blue),  but  on  the  contrary,  indicates  that  a  yery  slight  excess  of  add  is 
present  (which  is  known  by  testing  with  a  slip  of  blue  litmus-paper,  which  will  then 
turn  sli^Uy  red). 

20.  I^  after  haying  exhausted  the  whole  of  the  100  diyidons  (1,000  water-grains* 
measure)  of  the  diluted  add  in  the  alkalimeter,  the  neutralisation  is  found  to  be 
eaeacUg  attained,  it  is  a  proof  that  the  test  add  is  right 

21.  But  suppose,  on  theconfcraiy  (and  this  is  a  much  more  probable  ease)— suppose 
that  only  80  diyisions  of  the  add  in  the  alkalimeter  haye  been  required  to  neutralise 
the  alkaiine  solution,  it  is  then  a  proof  that  Uie  test  add  is  too  strong,  and  accord- 

■  Anhydrous,  or  dry,  nentnl  carbonate  of  soda  may  be  obtained  by  keeping  a  certain  quantity  of 
tare  bioarboDate  of  soda  for  a  short  time  at  a  dun  red  heat,  in  a  plaUnnm  crndble :  the  bicarbonate 
tl  cottferted  into  its  nontral  carbonate,  of  conrse  free  ftom  water* 
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inglj  it  nmst  be  f^irther  diluted  with  water,  to  bring  it  to  the  standard  strength ;  and 
thiB  may  at  once  be  done,  in  thepresent  instance,  bv  adding  20  measnres  of  water  to 
eyer^r  80  measnres  of  the  add*  TMs  is  best  aeoomplished  by  pooring  the  whole  of  the 
add  into  a  large  glass  ^linder,  divided  into  100  equal  parts,  until  it  reaches  the  mark 
or  scratch  oorresponding  to  80  measures ;  the  rest  of  the  glass,  up  to  100,  is  then  filled 
up  with  water,  so  that  Sie  same  quantity  of  real  acid  will  now  be  in  the  100  measures 
as  was  contidned  before  in  80  measures. 

22.  The  add  adjusted  as  just  mentioned  should  be  labelled  <  Tut  Sulphuric  Acid 
for  Potash,*  and  kept  in  well-stoppered  bottles,  otherwise  eyaporation  takinjo;  place 
would  render  the  remaining  bulk  more  concentrated,  consequently  richer  in  add  than 
it  should  be,  and  it  would  thus,  of  course,  become  valueless  as  a  test  add  until  re- 
adjusted. Each  degree  or  division  of  the  alkalimeter  of  such  an  add  represents  1 
grain  of  pure  potash. 

23.  The  alluilimetrical  assay  qfsoda  is  also  made  with  sulphuric  add,  in  preference 
to  other  adds,  but  it  must  be  so  a^usted  that  100  alkalimetrical  divisions  (1,000 
water-grains*  measure)  of  add  will  exactly  neutralise  170*98  of  pure  anhydrous 
carbonate  of  soda,  that  quantity  containing  100  grains  of  pure  soda. 

:  34.  Dissolve,  therefore,  171  grains  of  pure  uhydrous  nentsal  carbonate  of  soda, 
obtained  as  indicated  before^  in  five  or  six  ounces  of  hot  water,  and  prepare  in  the 
meantime  the  test  sulphuric  add,  by  mixing  1  part,  by  measure,  of  orainary  concen-> 
trated  sulphuric  add  with  about  9  parts  b^  measure  of  water,  exactly  as  described 
before ;  stir  the  whole  thoroughly,  let  the  mixture  stand  until  it  has  become  quite  cold, 
then  pour  1,000  water-grains  measure  of  the  dilute  add  so  prepared  into  an  alkali- 
meter— that  is  to  say,  fill  that  instrument  up  to  0^,  taking  the  under  line  as  the  true 
level,  and  then,  whilst  stirring  briskly  the  aqueous  solution  of  the  171  grains  of  car* 
bonate  of  soda  with  a  glass  rod,  pour  the  add,  with  increased  precaution  as  the  satu- 
rating point  is  approaching,  into  the  vortex  produced,  until  by  testing  the  liquor 
alternately  with  reddened  and  with  blue  litmus-paper,  or  with  grey  litmus-paper,  as 
before  mentioned,  the  exactly  neutralised  point  is  hit. 

26.  If  the  whole  of  the  100  alkalimetrical  divinons  (1,000  water-grains'  measure) 
have  been  required  to  efi&ct  the  neutralisation,  it  is  a  proof  that  the  add  is  of  the 
right  strength,  but  if  this  be  not  the  case,  it  must  be  adjusted  as  described  before — 
that  is  to  say: — 

26.  Suppose,  for  example,  that  only  75  alkalimetrical  divisions  or  measures  of  the 
add  in  the  alkalimeter  have  been  required  to  neutralise  the  171  grains  of  neutral 
carbonate  of  soda  operated,  upon»  then  75  measures  of  the  add  should  be  poured  at 
HDUce  into  a  glass  cylinder  accurately  divided  into  100  parts;  the  remaining  25 
divisions  should  then  be  filled  with  water,  and  the  whole  bdng  now 
stirred  up,  100  p^irts  of  the  liquor  will  of  course  contain  as  much 
real  add  as  75  parts  contained  before,  and  accordingly  the  add  mar 
now  be  used  as  a  test  add  for  the  alkalimetrical  assay  of  soda,  eadk 
degree  or  division  of  the  alkalimeter  representing  one  grain  of  pure 
soda. 

27*  The  stodc  of  test  add  should  be  kept  in  well-stonpered  fiasks, 
that  it  may  not  vary  in  strength  by  evaporation^  and  be  labelled 
'  Ttst  Sulphurio  Acid  for  Soda,* 

28.  Instead,  however,  of  keepng  two  kinds  of  'test  sulphuric 
add,'  of  difibrent  saturating  powers  as  described,  the  one  forpotashf 
the  other  £}r  soda,  one  kind  only  majr  be  prepared  so  as  to  serve 
for  botk  alkalis,  by  constructing,  as  is  very  often  done,  as  alka- 
limeter adjusted  so  as  to  indicate  the  quantities  of  the  add  of  a 
given  strength  required  for  the  saturation  or  neutralisation  of  both 
potash  or  soda,  or  of  their  respective  carbonates ;  and  this,  in  fact, 
is  the  alkalimeter  most  in  use  in  the  fiictoiy. 

It  should  be  in  shape  similar  to  that  of  Qay-Lussao's  (seefy,  22), 
or  that  described  in  Jiffs.  23  and  24;  but,  like  that  represented  by 
i^.  21,  it  generally  consists  of  a  tube  dosed  at  one  end,  about  three* 
fourths  of  an  inch  internal  diameter  and  about  9^  inches  in  length ; 
it  is  graduated  into  100  equal  ports,  and  every  division  is  numbered 
horn  above  downwards  (see^.  80). 

The  following  directions  for  their  construction  are  given  by  Pro- 
fessor  Faraday.  '  Let  the  tube  represented  in  the  mai^  have  1000 
grains  of  water  weighed  into  it ;  then  let  the  space  it  occupies  be 
graduated  into  100  equal  parts,  and  every  ten  dividons  numbered 
firom  above  downwards.  At  22*1  parts,  or  77*99  parts  from  the 
bottom,  make  an  extra  line,  a  little  on  one  dde  or  even  on  the  opposite 
fide  of  the 'graduation,  and  write  at  it  with  a  scratching  diamond,  soda ;  lower  dowi^ 
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tt^'62  parts,  make  another  line,  and  write  foUuk ;  still  lower,  at  64*48  parts,  a  thixd 
line  maxiM  cor^.  toda^  and  at  66  parts  a  foiurth,  marked  earh.  poioMh,  It  will  beob- 
served  that  portions  are  measured  off  beneath  these  marks  in  the  inverse  order  of  the 
eqoiTaleht  number  of  these  substances,  a^  consequentlj  direoUy  proportionate  to  the 
quantitaes  of  any  partiouleCr  add  which  will  neutralise  equal  weights  of  the  ^kalis 
and  their  carbonates.  As  these  points  are  of  great  importance,  it  will  be  proper  to 
yarify  them  bj  weig^ng  into  the  tubes  first  860,  then  618*8,  and  lastly  779*d  grains 
of  water,  .whidi  iidll  correspond  with  the  marks  if  thejp  are  correct,  or  the  graduation 
Biay  be  laid  down  bom  the  surface  of  the  four  portions  of  fluid  when  weighed  in, 
without  reference  .to  where  thejr  fall  upon  the  general  s^s.  The  tube  is.  now  pom't 
pleted,  except  that,  it  should  be  obsesred  whether  the  aperture  can  lae  perfectly  and 
seeorel^  coveced  by  the  thumb  of  tha  left  hand,  and  if  not,  or  if  there  be  reason  to 
thiidL  it  Jiot  ultimately  secure,  then  it  should  be  heated  and  contcacted  until  euffi- 
aentlysmaUJ  .  .  . 

.  29r  The  testacid  for  this  alkalimeter  should  have  a  specific  gvaritj  of  1*1268 ;  and 
such  an  -addmay  be  jpcepazed  by  mixing  one  part,  by  weight,  of  sulphuric  add, 
roedflc  gravity  1*82,  with  four  parts  of  water,  and  allowing  the  mixture  to  oooL  In 
the  meantime,  100  grains  of  fure  anhydrous  carbonate  of  soda,  obtained  as  indicated 
before,  should  be  dissolved  m  water,  and  the  test  sulphuric  add,  of  Q)edfio  gravi^ 
1*1268,  prepared  as  above  said,  having  become  quite  cold,  is  poured  into  the  alkali« 
meter  up  to  the  point  marked  carbonate  of  soda;  the  remaining  dividone  are  filled  up 
with  water,  and  the  whole  should  be  well  mixed  by  shaking. 

80.  If  the  whole  of  the  sulphuric  add,  a^usted  as  was  ssad,  being  poured  carefully 
into  the  solution  of  the  100  grains  of  the  neutral  carbonate  of  soda,  neutralise  them 
exMtly-^whidi  is  ascertained,  as  usual,  by  testing  the  solution  with  litmus-pa^,: 
which  should  not  be  dther  reddened  or  rendered  bluer  by  it— it  is  of  course  a  .sigft 
that  the  test  is  as  it  should  be — ^Uiat  is  to  say,  is  of  the  proper  strength ;  in  the  o6n- 
tiazT  case  it  must  be  finally  actuated  in  the  manner  abrea^y  indioatody  and  which- 
need  not  be.  repeated.    See  §|  20,  21. 

■  81.  The  best  and  most  convenient  process  for  the  analyst,  however,  consists  in 
preparing  a  test  add  of  such  a  strength  that  it  may  serve  not  only  for  all  alkalis,  but 
indeed  for  eveiy  base  ;•  that  is  to  say,  b^  a^usting  the  test  add  so  that  100  alkalime- 
trical  drrisions  of  it  (1,000  water-grains'  measure)  may  exactly  saturate  or  neutra* 
Use  one  equivalent  of  every  base.  This  method,  whidi  was  first  proposed  by  Br. 
Ure,  is  exceedingly  convenient,  and  the  possesdon  of  two  redprocal  test  liquids^ 
namely,  the  ammonia  test  liquor  of  a  standard  strength,  of  which  we  gave  a  descrip- 
tion in  the  article  on  Addimotry,  and  the  standard  test  add  of  which  we  are  now 
speaking,  aiibrds,  as  Br.  Ure  observes,  ready  and  rigid  means  of  verificationr  For 
mievoscopic  analysis  of  alkaline  and  of  add  matter,  a  graduated  tube  of  a  sioall  bore, 
mounted  in  a  frame,  with  a  valve  apparatus  at  top,  so  as  to  let  &11  drops  of  any  size 
and  at  any  interval,  is  desirable ;  and  such  an  instrument  Br.  Ure  employed  for  many 
years;  bii  instead  of  a  tube  with  a  vahre  apparatus  at  U>v,  the  operator  may  use  ^ 
graduated  tube  <s£  a  small  bore,  terminated  l^  a  small  length  of  vulcanised  india-rubber 
tube  pinched  in  a  damp,  which  ma3r  be  relaxed  in  such  a  way  as  to  permit  also  the 
escape  of  drops  of  any  sise  at  any  interval  of  time,  the  little  apparatus  being  nnder 
perfect  command. 

82.  The  test  sulphuric  add,  of  such  a  strength  that  100  alkalimetrical  divisions  of  it 
can  saturate  one  equivalent  of  every  base,  should  have  a  spedfic  gravity  of  1*082, 
and  is  prepared  as  foUows:-^ 

Take  68  grains  (one  equivalent)  of  pure  anhydrous  neutral  carbonate  of  soda, 
obtained  in  me  manner  indicated  before  (see  S  18)t  and  dissolve  them  in  about  one 
fimd  ounce  of  water.  Prepare  in  the  meantime  the  test  sulphuric  add  by  mixing  one 
part,  by  measure,  of  concentrated  sulphuric  add  with  about  11  or  12  parts  of  water, 
and  stir  the  whole  well.  The  mixture  having  become  quite  cold,  fill  the  alkalimeter 
with  the  odd  diluted  add  up  to  the  ^oint  marked  0°,  taking  the  under  line  of  the 
liquid  as  the  true  level,  and  whilst  stirring  briskly  the  aqueous  solution  of  the  68 
grains  of  carbonate  of  soda  above  alluded  to,  pour  the  add  caref^illy  from  the 
alkalimeter  into  the  vortex  produced  by  stirring,  until,  by  testing  the  liquor  alternately 
with  reddened  iwd  with  blue  Utmus-paper,  or,  more  convenienUy  still,  with  grey 
Utmus'paper,  the  neutralidng  point  is  exactiy  hit 

88.  If  toe  whole  of  the  100  dividons  of  the  alkalimeter  had  been  required  to  neu- 
tralise exactly  the  68  grains  of  pure  anhydrous  carbonate  of  soda,  it  would  be  a  proof 
that  the  add  is  of  the  right  strength ;  but  if  this  is  not  the  case,  it  must  be  adjusted 
in  the  manner  described  befbre,  that  is  to  sav : — 

•  84..  Let  us  suppose,  for  example,  that  only  60  measures  in  the  alkalimeter  have 
been  required  to  saturate  or  neutralise  the  68  grains  of  caa^nate  of  soda,  then  60 
measures  should  bepoured-4it4>nce  into  a  glass  oyCnder  accurately,  divided  into  .100 
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puFta,  the  remaJHng  60  dirisions  should  be  filled  up  irith  water,  and  the  whole  being 
well  stirred,  100  yStta  of  the  acid  Uquor  will  now  contain  as  much  real  acid  as  was 
•ontained  before  m  the  50  parts. 

85.  The  add  may  now  be  labelled  simply, '  Ttst  or  Normal  Sulpkurie  Amd,*  Each 
one  hundred  alkalimetrical  divisions,  or  1,000  water-grains'  measure  of  it,  contain  one 
equivalent,  or  40  grains  of  real  sulphuric  add ;  and,  consequently,  each  100  alkali* 
metrical  divisions  of  it  will  neutralise  one  equivalent,  or  81  grains  of  soda,  47  of  pot* 
ash,  17  of  ammonia,  28  of  lime,  and  Ibo  forth,  with  respect  to  any  other  base. . 

86.  The  stock  of  test  or  normal  sulphuric  add  should,  as  usual,  be  kept  in  well* 
stoppered  bottles,  in  order  to  nrevent  concentration  by  evaporation^  By  Jceeping  in 
the  flask  containing  it  a  glasa  oead^  exactly  a4justed  to  the  spedflc  gra-nty  of  1*082, 
the  operator  may  fUways  ascertain,  at  a  glance,  whether  the  add  requires  readjusting. 

87.  With  a  Schiister's  alkalimeter,  it  is  convenient  to  prepare  the  test  add  of  audi 
a  strength  that,  according  as  it  has  been  ac^usted  for  potasn  or  for  soda,.  10  grains  of 
it  will  exactly  saturate  one  grain  of  one  or  uie  other  of  these  bases  in  a  pure  state. 
It  is.  considered  that  the  albilimeter  may  be  charged  with  a  known  weight  of  any 
of  the  other  sulphuric  test  adds  of  a  known  atrength.  Suppoae,  for  exam^e,  that  the 
test  sulfuric  add  taken  have  a  spedfie  gravity  of  1*082,  we  know,  as  we  have  just 
showui  that  1*082  grains  weight  of  that  add  contains  exactly  one  equivalent  of  pure 
sulphuric  add*: 40,  and  is  capable,  therefore,  of  neutralising;  one  equivalent  of  any 
base ;  and,  eonsequently»  by  taking  a  certain  weight  of  this  add  before  beginning 
the  assay,  and  wdghin^  what  is  1^  of  it  after  the  assay,  it  is  ver^  easy  to  oaScnlate, 
teom  the  quantity  St  acid  consumed  in  the  experimetit,  trhat  quantity  of  base  has  been 
neutraliaed.  Thua  a  loaa  of  21*96^  60*70,  88*29  grains*  weifl^t  of  this  teat  add 
renreaenta  one  grain  of  polaah,  of  ammonia,  of  aoda  respectively,  and  so  on  with  the 
otaer  bases. 

88.  The  operator  being  thus  provided  with  an  appropriate  teat  add,  we  shall  now 
describe  how  he  should  proceed  with  each  of  them  in  making  an  alkalimetrical  assay 
with  potash. 

In  order  to  obtain  a  reliable  result,  a  fiiir  average  sample  must  be  operated  upon. 

To  secure  this  the  sample  should  be  taken  firom  various  parts  of  the  mass  and  at  once 

put  in  a  wide-mouth  bottle,  and  well  corked  up  until  wanted ;  when  the  assav  has  to 

be  made,  the  contents  of  the  bottle  must  be  reduced  to  powder,  ao  aa  to  obtain  a  fiur 

mixture  of  the  whole ;  of  thia  wdgh  out  1,000  graina  esustly— or  leaa,  if  that  quantity 

cannot  be  apared— and  diaaolve  them  in  a  porcelain  capsule,  in  about  8  fluid 

ouncea  of  distilled  hot  water,  or  in  that  proportion ;  and  if  there  be  left  anything  like 

an  inaduble  reaidue,  filter,  in  order  to  aeparate  it,  and  wash  it  on  the  filter  with  small 

quantities  of  distilled  water,  and  pour  the  whole  solution,  with  the  washings  and 

rinainga,  into  a  meaanre  divided  into  10,000  water-graina'  measure.    If  the  water  used 

for  washing  the  insoluble  residue  on  the  filter  has  inereaaed  the  bulk  of  th^  aolution 

beyond  10,000  water-graina'  meaaure,  it  muat  be  reduced  by  evaporation  to  that 

quantity ;  if,  on  the  contrary,  the  aolution  poured  in  the  meaaure  atanda  below  the 

mark  10,000  water-graina'  measure,  then  aa  much  water  must  be 

81  added  thereto  as  will  bring  the  whole  mass  exactly  to  that 

point.    In  order  to  do  this  correctly,  the  cylindrical  measure 

should  stand  well  on  a  table,  and  the  under  or  lower 

line  formed  by  the  liquid,  as  it  reaches  the  aontoh  32 

10,000,  ia  taken  aa  the  true  leveL 

89.  This  bdng  done,  1,000  grains'  meaaure  of  the 
filtrate,  that  is  to  say,  one-tenth  part  of  the  whole 
solution,  ia  transferred  to  a  ^laaa  beaker,  in  whidi 
the  aaturataon  or  neutraliaation  ia  to  be  ^ected, 
which  is  best  done  bv  meana  of  a  pipette  capable 
of  containing  exactly  that  quantity  when  filled  up  to 
the  scratch,  a.   In  order  to  fill  such  a  pipette  it  is 
suffldent  to  dip  it  into  the  alkaline  solution  and  to 
Budcupthe  liquor  a  little  above  the  scratch,  a; 
the  upper  orifice  should  then  be  stopped  with  the 
first  finger,  and  by  momentarily  lifbng  it  up,  the 
liquor  is  allowed  slowly  to  fall  £ram  the  pipette 
back  again  into  the  10,000  grains*  measure  untd  ita  . 
level  reachea  exactly  the  scratch,  a.    The  last  drop 
which  remains  hangpg  f^m  the  point  of  the  pipette 
may  be  readily  detadied  by  touching  the  ddes  of  the  g^ass  measure  with  it.   The  1,000 
grains  bdng  thus  rigorously  measured  in  the  pipette  should  then  be  transferred  to  the 
glass  beaker,  in  wch  the  neutralisation  is  to  take  place,  b^  removing  the  finger 
altogether,  blowing  into  it  to  detach  the  last  drop,  and  rinsing  it  with  a  little  water* 
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40.  Or,  insteftd  of  the  pipette  jnet  deicribed,  the  operator  may  meMure  1,000  giaiiii 
bj  tildiig  an  aUcalimeter  fall  of  the  alkaline  solution,  and  emptying  it  into  the  glats 
beaker  in  vhieh  the  nentnlisation  is  to  take  place,  rinsing  it  nith  a  little  crater,  and 
of  oooxae  adding  the  linsing  to  the  mass  in  the  said  glass  beaker. 

41.  Whicheyeriiray  is  adopted,  a  slight  blue  colour  should  be  imparted  to  the  1,000 
grains'  measure  of  the  alkaline  solution,  by  pouring  into  it  a  small  quantity  of  tincture 
of  litmus.  Thaglas&beaker  should  then  be  placed  upon  a  sheet  of  white  paper,  or  a 
slab  of  white  porselain,  in  order  .that  the  change  of  ooloiur  produced  by  the  gradual 
additi<m  of  the  test  add  may  be  better  obserred. 

42.  This  being  done,  if  the  operator  hare  decided  upon  nsiilg  the  is$t  aulphuria  acid 
foTfotaah  (SS  17'22),  he  should  take  one  of  the  alkalimeters  represented  VDk,figs.  21, 22, 
tt,  or  24,  MM  All  it  up  to  0^  (taking  the  under  line  of  the  liquid  as  the  true  lerel) ; 
then  taking  the  alkalimeter  thus  chuged  in  his  right  hand,  and  in  his  left  the,  glass 
beaker  containing  the  alkaline  solntian  c(donred  blue  by  tincture  of  litmus,  he  should 
gradually  and  earefoUy  poor  the  aeid  limior  into  the  alkaline  solution  in  the  glass 
beaker,  to  which  a  drealar  motion  should  be  giTon  whilst  pouring  the  add,  or  irfiieh 
should  be  briskly  stirred,  in  order  to  insure  the  rapid  andtWong^  mixing  of  the  two 
Bqnors,  and  thenliare  their  ocmiplete  reaction;  moreoyer,  in  order  at  <moe  to  detect  any 
dmnge  of  colour  from  blue  to  red,  the  g^ass  beaker  should  be  kepi  oyer  the  white 
sheet  of  paper  or  the  irfiite  porcekin  slab,  as  before  stated. 

43.  At  ust  no  flArresoence  is  produced,  because  the  carbonic  add  expelled,  in- 
stead of  escaping^  eomlnnee  with  the  portion  of  the  alkaline  carbonate  as  yet  unde- 
eompoeed,  imich  it  conyerts  into  bicarbonate  of  potash,  and  aooordin^y  no  sensible 
chanjge  of  colour  is  peroerred ;  but  as  soon  as  a  bttle  more  than  half  the  quantity  of 
the  potash  present  is  saturated,  the  liquor  begins  to  efiEbrvesce,  and  the  blue  colour  of 
the  solution  is  changed  into  one  of  a  linoos,  that  is,  of  a  purple  or  bluish-red  hue, 
whidi  is  due  to  the  action  of  the  carbonic  add  upon  the  blue  colour  of  the  litmus. 
More  add  should  be  still  added,  but  from  this  moment  with  rery  great  care  and  with 
increased  caution,  gradually  as  the  point  of  neutralisation  is  approached,  whidi  is 
ascertained  by  drawing  the  glass  rod  used  for  stininff  the  liouor  across  a  slip  of 
blue  litmus-paper.  If  the  paper  remains  blue,  or  if  a  red  or  reddish  streak  is  thereby 
produced  wmch  disappears  on  drying  the  paper  and  leaves  the  latter  blue,  it  is  a 
jvoof  that  the  neutrabsation  is  not*yet  complete,  and  that  the  reddish  streak  was  due 
only  to  the  action  of  the  carbonic  acid ;  more  add  must  acoordinxlj  be  poured  from 
the  alkaUmeter,  but  one  drop  only  at  a  time,  stirring  after  each  a(&tion,  until  at  last 
the  liquor  assumes  a  distinct  zed  or  pink  colour,  which  happens  as  soon  as  it  contains 
an  extremely  slight  excess  of  add ;  the  streaks  made  now  upon  the  litmus-pap^  will 
remain  permanentlr  red,  eren  after  drying,  and  this  indicates  that  the  reaction  is 
complete  and  that  the  assay  is  finished. 

44.  If  the  potash  under  examination  were  perfectly  caustic,  the  solution  would 
saddsnly  chanee  f^om  blue  to  pink,  because  there  would  be  no  erolution  of  carbonic 
add  at  all,  and  coosequeotly  no  rinous  or  purple  colour  produced ;  if,  on  the  other 
hand,  the  potash  was  altogether  in  the  state  of  bicarbonate,  the  first  drops  of  test 
add  would  at  once  decompose  pari  of  it  and  liberate  carbonic  add,  and  impart  a 
Tinows  cdonr  to  the  solution  at  tbe  very  outset,  which  yinous  colour  would  persist  as 
long  as  any  portkn  of  the  bicarboiUite  would  remain  undeeomposed. 

46.  The  neutralidng  point  being  attained,  the  operator  allows  theddes  of  the  alka- 
Umeter to  drain,  and  ne  then  roMls  off  the  numoer  of  diyidons  which  haye  been 
employed.  If^  for  exam^e,  60  diyidons  haye  been  used,  then  the  potash  examined 
contained  60  per  cent  of  real  potash.    See  obsery.,  {  48-49. 

46.  Yet  it  IS  advisable  to  repeat  the  assay  a  second  time,  and  to  look  upon  this 
first  determination  only  as  an  approximation  n^iidi  enables  the  operator,  now  thai  he 
knows  about  where  the  point  of  neutralisation  lies,  to  axriye,  if  need  be,  by  increased 
caution  as  he  readies  that  point,  at  a  much  greater  degree  of  precision.  He  should 
aeeordine^y  take  again  an  alkalimeter  frill  f  1,000  water-grains^  measure)— that  is  to 
say,  another  tenth  pari  of  the  liquor  left  in  the  10,000  grains'  measure-^nd  add 
thereto  at  once  48  or  49  alkalimetrical  diyidons  of  the  test  add,  and  after  baying 
thoroug^y  agitata  the  mixture,  proceed  to  pour  the  add  careftUly,  two  drops  only 
at  a  time,  stirring  after  such  addition,  and  touching  a  strip  of  litmus-paper  with  the 
end  of  the  glass  rod  used  for  stirring;  and  so  he  should  go  on  adding  two  drops, 
ftiirin^  and  making  a  streak  on  the  litanus-paper  until  the  liquor  assumes  suddenly 
a jjBnk  or  onion-red  colour,  and  the  streak  made  on  the  litmus-paper  is  red  also.  The 
alkalimeter  is  then  allowed  to  drain  as  before,  and  the  operator  reads  off  the  number 
of  divisions  em^oyed,  fnuBk  which  number  2  drops  (or  ^ths  of  a  dividon)  should  be 
deducted ;  Gay^Uissao  having  shown  that,  in  alkaUmetrioal  assays,  the  sulphates  of 
alkalis  produced  tttard,  the  manifestation  of  the  red  colour  in  tlmt  proportion.  One 
alkalimetrical  dividon  generally  consists  of  10  drops,  but  as  this  is  not  always  the 
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c40e,  the  operator  should  determine  for  himself  how  many  drops  are  necessary  to  nuKke 
up  one  diTision,  and  take  aocount  of  them  in  the  assay  aoccwding  to  the  ratio  Urns, 
found.  In  the  example  given  before,  and  supposing  10  drops  to  form  one  alkalime* 
trical  diyision,  then  the  ner-oentage  yalue  ctttte  sample  of  potash  under  examination, 
would  probably  be  as  follows  :-^ 

Number  of  divisions  of  add  employed       •        •    60*0 
.  — 2  drops  add  in  excess  •       .       •       •       .0*2 

Beal  per-centage  of  potash    •       •       •    iO'ft 

47.  When  the  alkalimeter  described  in  fy.  28  is  empU^ed,  the  test  add  may,  at 
the  beginning  of  the  experiment,  be  poured  fbom  the  larger  opening,  b  ;  but  towards 
the  end — ^that  is,  when  the  neutralising  point  is  ^yproaehin^^— the  add  should  be 
careAilly  poured  from  the  point,  d,  mi  single  drops,  or  cmtff  two  drops  at  a  time,  until 
the  saturating  point  is  hit^  as  we  have  just  said.  If  the  operator  wishes  to  pour  only 
one  drop,  he  should  dose  the  lar^  opening,  b,  of  the  bulb  with  the  thumb,  and  then 
fill  the  bulb  with  the  test  add  by  inclining  the  alkalimeter;  putting  now  the  alkalimeter 
in  an  unrig^  position,  and  removing  the  thumb,  a  certain  quantity  of  add  .will  be* 


retained  in  the  capillary  pdnt,  d  ;  and  if  the  thumb  be  now  pressed  somewhat^ 
fordbly  against  the  opening,  b,  the  add  contained  in  the  capilhtfy  point  "(riU  be 
forced  out  and  form  one  drop,  which  will  then  fiill  into  the  alkaline  solution  if  it  be : 
held  over  it.  If  the  saturation  be  complete,  the  operator;  without  removing  the  bulb . 
stopper,  may,  b^  applyinjg^  his  lips  to  the  large  opening,  i^  sudc  the  add  engaged  in , 
the  cajnllary  point  bade  into  the  alkalimeter. 
.  48.  If  there  should  be  in  the  mind  of  the  operator  anv  doubt  as  to  what  is  meant 
by  the  onion-red  colour  which  the  liquor  tinged  blue  with  tincture  of  litmus  acquires, 
when  slightly  supersaturated,  he  may  pour  into  a  glasa  beaker  a  quantity  of  pure  water 
e(fual  to,  or  even  larger  than,  the  alkidine  solution  operated  upon,  and  tinga  it  blue! 
with  a  little  tincture  of  litmus,  to  aboutithe  same  degree  of  intensity  as  the  alkaline 
liquor  under  examination.  If  he  now  pour  into  the  pure  water  coloured  blue  with 
litmus,  ons  single  drop  of  the  test  add,  it  will  acquire  at  once,  by  stirring,  the  onion- 
red  colour  alluded  to,  and  whidi.  he  may  now  use  as  a  standard  of  comparison. 

49.  Considering  the  rapidity  with  which  these  alkalimetrical  operations  can  be 
performed,  the  operator,  unless  he  have  acquired  suffident  practice,  or  unless  a  great 
degree  of  accuracy  be  not  required,  should  repeat  the  assay  two  or  three  times,  look- 
ing upon  the  first  determination  only  as  an  approximation,  and  as  a  sort  of  guide  as 
to  the  quantify  ^  add  vrhich  will  be  rec^uired  in  the  subsequent  experiments,  whereby, 
he  will  now  be  enabled  to  proceed  with  increased  caution  as  he  approaches  the  pdnt) 
dt  saturation ;  but,  at  any  rate,  if  he  will  not  take  the  little  extra  trouble  of  a  r^>eti- 
tion,  he  should,  before  he  begins  to  pour  the  add,  take  a  little  of  the  filtered  alkaline' 
solution  out  of  the  glass  beaker,  aa  a  corps  d»  reserve,  vrhich  he  adds  to  the  rest  after 
the  saturating  point  has  been  approgumated,  andfrom  that  moment  he  may  pn)C6ed«. 
but  with  great  care,  to  complete  the  neutialiaation  of  the  whole. 
•  60.  Bo  not  forget  that  as  the  test  sulphurio  add  miut  always  be  added  m  digJU 
excess  to  obtain  a  distinct  red  streak  on  tne  litmus-paper,  a  correction  is  absolutelv 
necessary ;  that  is  to  say,  the  excess  of  sulphurio  add  emjdoyed  must  be  deducted  if 
8  strictly  accurate  result  is  sought 

.  61.  If,  instead  of  the  special  alkalimeter  fbr  potash  above  described,  the  (merator 
prefers  using  that  prepared  of  such  a  strength  that  100  divisions  of  the  alkalimeter. 
(1,000  water-grains*  measure)  contain  exactly  one  equivalent  of  each  alkali  or  base, 
which  test  sulphuric  add,  as  we  have  seen,  has  a  roecific  gravity  of  1*082  {see 
If  81-86),  he  should  proceed  exactly  as  indicated  in  |  88  and  following;  and  the 
alkalimeter  being  filled  with  that  test  add,  of  spedfio  ^vity  1*082,  up  to  0^  it  (tho 
add)  should  be  poured  careftdl^  into  the  aqueous  solution  <i  the  alkali  tinged  blue 
with  litmus,  until  exact  neutralisation  is  attained,  predsdy  in  the  same  manner  as  in 
S  88  and  following^ 

62.  The  neutralising  pdnt  being  hit,  let  us  suppose  that  the  whole  of  the  contents 
of  the  alkalimeter  have  been  employed,  that  the  aqueous  solution  tinged  blue  with 
litmus  is  not  yet  saturated,  and  that,  after  having  refilled  the  alkalimeter,  the 
4  divinons  more  (altogether  104  divisions)  have  been  required  to  neutralise  the  alkali 
in  the  -aqueous  solution ;  then,  since  100  divisions  (1,000  water-grains'  measure)  of  the 
test  add  now  emjdoyed  saturate  exactlv  one  equivalent^  that  is,  47  of  potash,  the 
question  is  now,  What  quantify  of  potash  will  have  been  saturated  by  the  104  divi- 
sions of  add  employed  ?  The  answer  is  found,  by  a  nmple  rule  of  proportion,  to  h« 
nearly  49. 

V.  .  I00:47::i04:*«48*88. 
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The  sample  of  potash  examined  contained,  therefore,  nearly  49  per  cent  of  puro 
potaslL 

03.  If  instead  of  the  special  test  snlphnric  add  for  potash  (|  17)»or  of  the  test  sul- 
phuric add  for  potash,  soda,  and  other  bases  ((  28),  the  operator  uses  the  potash  and 
soda  allcalimeter  ({{  81-86),  the  method  to  be  followed  is  exactly  similar  to  that 
described  in  }  42  and  following.  Some  of  the  test  snlphnric  add,  of  specific  gravity 
1*1268,  is  to  be  poured  into  the  alkalimeter  until  it  reaches  the  pdnt  marked  *  potash  * 
(that  is  to  say,  48*62  diyisions  of  the  alkalimeter),  taking  the  under  line  of  the  liquid 
as  the  true  lerel,  and  the  remaining  divisions  up  to  0®  are  carefully  filled  with  water. 
The  operator  then  doses  the  aperture  of  the  alkalimeter  with  the  thumb  of  his  loft 
hand,  and  the  whole  is  violently  shaken  so  as  to  obtain  a  perfect  mixture. 

64.  Hie  add  so  mixed  must  now  be  careftilly  poured  from  the  alkalimeter  into  the 
alkaline  solution  of  the  potash  under  examination  until  neutralisation  is  attained, 
predsdy  as  described  in  $  42  and  following. 

65.  The  neutralising  point  being  hit^  the  cmerator  allows  the  sides  of  the  alkalimeter 
to  drain,  and  he  then  reads  off  the  number  of  divisions  employed  in  the  experiment, 
irhidh  number  indicates  the  per-centage  of  real  potash  contained  in  the  sample. 

Had  the  operator  wished  to  estimate  the  quantity  of  potash  as  carbonate  of  potash, 
he  should  have  poured  the  test  add  into  the  alkalimeter  up  to  the  point  marked  *  car- 
honaU  of  potash;  filled  the  remaining  divisions  of  the  alkalimeter  up  to  0®  with  water, 
and  proceeding  exactly  as  just  mentioned,  the  number  of  dividons  of  add  employed 
would  indicate  the  per-centage  of  potash  contained  in  the  sample  as  carbonate  of  potash. 

66.  The  most  accurate  and  expeditious  method  of  determining  the  iradue  of  a  sample 
of  an  alkali  is  by  means  of  a  standard  add  and  a  solution  of  a  caustic  alkali  of  cor- 
responding strength  contained  in  two  burettes  {jig,  26).  The  solution  of  soda  ash,  fbr 
instenee,  having  been  prepared  as  directed  in  |  88-40,  is  tinted  with  litmus  solution, 
and  a  f  uantit^  of  the  standard  add  more  than  suffident  to  saturate  the  whole  of  Uie 
alkali  is  run  into  it»  and  the  mixture  boiled  till  the  carbonic  add  is  entirely  expelled 
from  it  and  the  dear  red  of  the  litmus  solution  is  seen.  The  number  of  dividons  of 
add  added  is  then  noted  and  the  neutral  tint  restored  by  the  careM  addition  of  the 
solution  of  caustic  alkali.  From  the  absence  of  carbonic  add  the  reaction  is  veiy 
sharp  and  dedded,  and  even  if  the  neutral  point  be  overshot,  the  addition  of  a  few 
drops  of  add  followed  by  the  more  cautious  use  of  the  alkaline  solution  will  enable  a 
correct  result  to  be  obtained.  If  the  two  standard  solutions  are  of  exactly  equal 
strength,  it  is  only  necessary  to  subtract  the  number  of  dividons  of  the  alkaline  solu- 
tion used,  from  that  of  the  add  one,  to  give  at  once  the  number  of  those  of  the  latter 
required  for  the  neutralisation  of  the  substance  tested,  and  hence  by  a  simple  calcu- 
lation the  per-centage  of  real  alkali. 

67.  If  a  Schuster's  alkalimeter  (fig,  26)  be  used,  and  supposing,  for  example,  that 
the  add  to  be  employed  therewith  is  so  adjusted  that  10  grains  weight  of  it  neutralise 
exactly  1  grain  in  weight  of  potash,  proceed  as  fbllows : — ^Take  100  grains  in  weight 
of  a  &ir  average  of  the  sample,  previously  reduced  ta  powder,  dissolve  them  in  water, 
filter  with  the  precautions  whidi  have  already  been  described  before  (§  88  and  follow- 
ing), and  pour  this  solution  into  a  glass  cylinder  graduated  into  100  parti,  and  capable 
of  containing  10,000  water-grains ;  fill  it  up  with  water  exactly  as  described  bdTore ; 
of  this  take  now  100  alkalimetrical  dividons,  that  is  to  say,  J^th  of  the  whole  solution, 
and  pour  it  in  a  glass  beaker.  On  the  other  hand,  charge  tne  8chfister*s  alkalimeter 
with  a  certain  quanti^  of  the  test  add,  and  weigh  it,  along  with  the  alkalimeter  itself,  in 
a  good  balance.  This  done,  proceed  with  the  neutralisation  of  the  solution  in  the  glass 
beaker,  by  pouring  the  add  m>m  the  alkalimeter  in  the  usual  way,  and  with  the  usual  pre- 
cautions, until  the  saturation  is  completed.  Beplaoe  the  alkalimeter,  with  the  quantity 
of  unconsumed  add,  in  the  scale  of  the  balance,  wd^  aceuratdy,  and  since  every  grain 
of  add  represents  ^^  of  a  grain  of  potash,  the  number  of  grains  of  add  used  in  the 
experiment  indicates  at  once  the  per-centage  of  real  potash  present  in  the  sample. 

68.  When,  however,  potash  is  mixed  with  soda,  as  is  frequently  the  case  with  the 
potash  of  commerce,  dther  acddentally  or  for  fraudulent  purposes,  the  determination 
of  the  amount  of  the  cheaper  alkali  could  not,  until  a  comparatively  recent  period,  be 
estimated,  except  by  the  expend  ve  and  tedious  process  of  a  regular  chemical  analyds. 
In  1844,  however,  H.  Edmund  Peder,  professor  of  Chemistry  at  Valendennes,  pub- 
lished an  easy  and  commercial  method  for  the  estimation  of  the  quanta^  of  soda  which 
potash  may  contain,  by  means  of  an  areometer  of  a  peculiar  construction,  to  n^iidi  the 
name  of  *Katrometer'  has  been  given  by  the  talented  professor. 

69.  The  rationale  of  the  method  ia  gzoimded  upon  the  increase  of  spedfio  gravity 
which  sulphate  of  soda  produces  in  a  s^ution  satinated  with  pure  sulphate  of  potash, 
and  is  deduced  from  the  fret  Uiat  a  solution  satnraled  with  neutral  sulphate  of  potash 
possesses  a  uniform  and  constant  dendtjr  when  the  saturation  is  maae  at  the  same 
temperature,  and  that  tiie  dendty  of  such  a  solution  increases  progresnvely  in  ynfOfs- 
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tion  to  the  quantitj  of  sulphate  of  soda  present;  an  increase  of  density  so  much  tha 
more  readily  observable,  that  the  solubility  of  the  sulphate  of  potash  is  greatly 
jiuffmonted  by  the  presence  of  sulphate  of  soda.  It  had  at  first  been  thought  that,  in 
oroer  to  obtain  anything  like  accuracy,  it  would  be  necessary  to  combine  all  the 
potash  -with  one  same  aad,  preferably  flrolphuric  acid ;  and,  consequently,  that  as  the 
potash  of  commerce  always  contains  a  little,  and  sometimes  a  rather  considerable 
quantity,  of  chloride  of  potassium,  the.  latter  salt  should  first  be  decomposed.  Further 
experiments,  however,  established  the  fact  that  in  dissolving  chloride  of  potassium  in  a 
saturated  solution  of  sulphate  o£  potash,  the  specific  gravity  of  the  liquor  is  not 
materially  increased,  since  the  introduction  of  as  much  as  50  per  cent,  of  chloride  of 
potassium  does  not  increase  that  density  more  than  3  per  cent,  of  soda  would  do  when 
examined  bythe  natrometer — a  degree  of  accuracy qiuto  sufficient  for  commercial 
purposes,  vHien  soda  is  added  to  a  saturated  solution  of  sulphate  of  potash,  the 
furtner  addition  of  chloride  of  potassium  thereto  renders  the  specific  gravity  of  the 
iiquor  U$9  than  it  would  have  been  without  that  addition — an  apparent  anomaly  due 
to  the  fact  that  chlorine,  in  presence  of  sulphuric  add,  of  potash,  and  of  soda,  combines 
with  the  latter  base  to  form  chloride  of  sodium ;  and  it  is  th^s  salt  which  increases  the 
solubility  of  sulphate  of  potash,  though  in  a  somewhat  less  dogree  than  sulphate  of 
soda.  Thus,  if  to  a  saturated  solution  of  sulphate  of  potash  0'14  of  soda  be  added 
along  with  0*20  of  chloride  of  potassium,  the  natrometer  indicates  only  0*125  of  soda. 
Seeing,  therefore,  that  in  such  an  exceptional  case  the  error  does  not  amount  to  more 
than  0*015  of  eiror,  it  will  probably  be  found  unnecessary  in  most  cases  to  decompose 
the  chloride  contained  in  toe  potashes  of  commerce,  that  quantity  being  too  small 
to  materially  affi)ct  the  result.  Yet,  as  the  accurate  determination  of  so&  in  potash 
was  a  great  desideratum,  M.  Pesier  contrived  two  processes,  one  of  which,  m  the 
hands  of  the  practised  chemist,  is  as  perfect  as,  but  much  more  rapid  than,  those  oi^linarily 
resorted  to ;  the  other,  which  is  a  simplification  of  the  first,  yields  results  of  sufficient 
accunu^  for  all  commercial  purposes. 

60.  Firit  prooen, — ^Take  500  grains  of  a  fair  average  sample  of  the  potash  to  bo 
examined,  dissolve  them  in  as  little  irater  as  possible,  filter,  and  wash  the  filter  until 
the  washings  are  no  longer  alkaline.  This  filtering,  however,  may  be  dispensed  with 
when  the  potash  is  of  good  quality  and  leaves  but  a  small  residue,  or  when  an  extreme 
degree  of  aocuzacnr  is  not  required. 

61.  The  potash  being  thus  dissolved,  a  slight  excess  of  sulphuric  acid  is  added 
thereto ;  the  exoess  is  necessary  to  decompose  the  oUorides  and  expel  the  muriatic 
acid«  The  liquor  so  treated  is  then  evaporated  in  a  porcelain  capsule,  about  six  inches 
in  diameter ;  and  when  it  b^god  to  thicken,  it  sluMild  be  stirred  with  a  glass  rod,  in 
order  to  avoid  projections,  when  dry,  the  ts^  must  be  ur^^ed  until  the  residue  fiises, 
and  it  is  then  kept  in  a  state  of  tranquil  f^on  for  a  few  minutes.  The  capsule  should 
then  be  placed  upon,  and  surzonnded  with,  hot  sand,  and  allowed  to  cool  down  slowly, 
to  prevent  its  cracking,  which  would  happen  without  this  precaution. 

62.  ^e  fiised  mass  in  the  capsule  having  become  quite  cold  should  now  be. 
treated  with  aa  little  hot  water  as  possible,  that  is  to  say,  with  less  than  3,000  grains 
of  hot  water ;  and  tiiis  is  best  done  b^  treating  it  with  successive  portions  of  fresh 
water.  All  the  liquors  thus  successively  obtained  should  then  be  poured  into  a 
flask  capable  of  holding  about  10,000  grains  of  water,  and  Uie  excess  of  pulphurio 
add  muii  be  aocurat^  neutraiiied  by  a  concentrated  solution  of  pure  carbonate 
of  potash — that  is  to  say,  until  the  colour  of  litmus-paper  is  no  longer  allfected 
by  the  liquor,  just  as  in  ordinary  alkalimetrical  or  addimetrical  assays.  l>uring  this 
operation,  a  pret^  oonsidezable  predpitate  of  sulphate  oi  potash  is,  of  course,  produced. 

68,  The  neutndisinff  point  oeing  exactly  hit,  a  saturated  solution  of  sulphate  of 
potash  is. prepared,  and  brought  to  the  atmospheric  temperature ;  a  condition  which 
is  expedited  by  plun^;ing  the  vessel  which  contains  the  solution  into  a  basin  fuU  of 
cold,  water,  and  stirring  it  until  the  thermometer  plunged  in  the  Uquor  indicates  that 
the  temperature  of  the  latter  is  about  the  same  as,  and  preferably  less  than,  that  of 
the  air,  because  in  the  latter  case  it  may  be  quite  correctly  acHustoa  by  grasping  the 
vessel  with  a  warm  hand.  In  order,  however,  to  secure  exacuy  the  proper  tempera- 
t^ire,  the  whole  should  be  left  at  rest  for  a  few  minutes  after  naving  withdrawn  the 
vessel  from  the  basin  of  cold  water  used  for  refrigerating  it,  taking  care  simply  to 
stir  it  from  time  to  time,  and  to  ascertain  that  the  thermometer  remains  at  the  same 
degree  ^  temporature.  This  done,  the  liquor  is  filtered  into  a  glass  cylinder,  c,  on 
w^ch  a  scratch,  h — i,  has  been  made,  corresponding  to  3,000  water-grains'  measure. 
•If  th«  direotions  given  have  been  exactlv  followed,  it  will  be  found  that  the  filtrate  is 
act  9ttl9clent  to  fill  it  up  to  that  man ;  the  necessary  volume,  however,  should  be 
^completed  by  washing  the  deposit  of  sulphate  of  potash  in  the  filter,  b,  with  a  satu- 
rated soli^on  of  the  same  salt  (sulphate  of  "poitaBh)  vrevioudv  prepared.  It  is  advis- 
able to  use  a  tatusated  solution  of  sulphate  of  potssn  which  has  oeea  kept  for  somjo 
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time,  and  not  one  immediately  prepared  for  the  purpose,  because  milphate  of  potash 
in  dissolTing  produces  a  certain  amount  of  cold,  which  would  create  delay,  since  it 
would  be  necessary  to  wait  until  the  temperature  of  the  mass  had  become  the  same  as 
that  of  the  air. 

64.  The  liquor  occupying  8,000  water-grains'  measure  in  the  cylinder  should  be 
next  rendered  homogeneous  by  stirring  it  well,  after  which  the  natzomoter  may  bo 
immersed  in  it  The  natrometer  is  simply  an  areometer  of  a  peculiar  construction, 
provided  with  two  scales :  the  one  of  a  pkik  colour  shows  the  degrees  of  temperature, 
and  indicates,  for  each  degree  of  the  Qentigrade  thermometer,  the  level  at  which  a 
solution  saturated  with  pure  sulphate  of  potash  would  stand ;  on  the  other  scale, 
each  degree  represents  1  per  cent  of  soda  (oxide  of  sodium),  as  represented  injip.  84. 
66.  The  0°  of  the  two  scales  coincide  with  each  other.  If  the  experiment 
take  place  at  the  temj^rature  of  0^  the  quantity  of  soda  will  be  directly 
determined  by  observing  the  number  of  degrees  on  the  soda  scale ;  but  if 
the  experiment  be  performed  at  25^,  for  example,  it  will  be  seen  that  the 
point  at  which  the  instrument  would  sink  in  a  liquor  saturated  with  pure 
sulphate  of  potash  ooisesponds  to 
^^h  of  soda,  and,  in  this  case,  it  ^'* 

IS  Ax)m  this  point  that  the  0°  of  the 
soda  scale  should  be  supposed  to 
begin,  which  is  easily  aoeomidished 
by  a  simple  subtraction,  as  will  be 
seen  presentlv. 

.66.  Expenment  having  shown 
that  the  degrees  of  soda  cannot  be 
equidistant,  but  that,  on  the  con- 
trary, they  become  smaller  and 
smaller  as  the  quantity  of  soda  in- 
creases, the  number  of  degrees  of 
soda  are  obtained  as  follows: — 
From  the  number  of  deffrees  of 
temperature  now  indicated  on  the 
jnnk  scale  of  the  natrometer,  sub- 
tract the  number  of  degrees  of 
temperature  indicated  by  an  or- 
dinary thermometer  at  starting; 
then  look  at  the  soda  scale  for  the 
number  of  soda  degrees  whidi  cor- 
respond to  the  number  of  degrees 
of  temperature  left  after  subtrac- 
tion, and  each  of  the  soda  degrees, 
beginning  from  the  0^  of  the  na- 
trometer, represents  1  per  cent 

67.  For  example: — Suppose  the 
experiment  to  have  been  made  at 
starting,  and  as  indicated  by  an 
ordinary  thermometer,  at  +  20^ 
Centigrado,  and  that  the  level  of  the  solution  is  now  found  to  stand  at  69^  on  the 
pink  scale  of  temperature  of  the  natrometer,  then  by  deducting    20  (the  original 
temperature)  £rom  69  (number  of  degrees  indicated  b^  the  floating  point  on  the  pink 
scale  of  temperatures  of  the  natrometer),  there  remains,  of  course,  89.    Draw  the 
instrument  out,  and  looking  now  on  the  said  pink  scale  for  39^  there  will  be  found 
exactly  opposite,  on  the  soda  scale,  the  number  18,  which  number  signffles  that  the 
potash  under  examination  contains  18  per  cent  of  soda  (oxide  of  sodium). 

68.  As  the  deposit  of  sulphate  of  potash  separated  by  filtering  might  retain  some 
sulphate  of  soda,  it  is  advisable,  in  order  to  avoid  all  chance  of  error,*  to  wash  it  with 
a  saturated  solution  of  sulphate  of  potash,  adding  as  much  of  it  as  is  necessary  to 
bring  the  whole  mass  of  the  liquor  up  to  the  mark  8,000  water-grains'  measure,  in 
whioi  the  natrometer  being  again  immersed,  the  minute  quantity  of  soda  indicated 
should  be  added  to  the  per-centage  found  by  the  first  operation. 

69.  If  a  great  degree  of  accuracy  is  required,  the  fractions  of  degree  of  the  instru- 
ment must  be  taken  account  of ;  otherwise  they  may  be  neglected  without  the  result 
being  materially  affected,  since  8  degrees  of  the  scale  of  temperature  correspond  only 
to  about  1  per  cent  of  soda. 

70.  For  eommenaal  purposes,  the  process  may  be  slightly  varied,  as  follows : — 
l^ke  600  grains  of  a  fair  average  suople  of  the  potash  to  be  examined,  previously 
reduced  to  powder,  and  throw  thorn  into  a  flask,  a  (fy,  86),  capable  of  containing 
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about  6,000  grains  of  water}  poor  upon  them  about  2,000  ^ninB  of  vater,  and  shake 
until  diseolyed.  Add  now  f  mphuzic  acid  thereto ;  this  will  produce  a  smart  eflfer- 
veeoence,  and  in  all  probability  a  deponit  of  sulphate  of  potash.  We  saj  in  all 
probability,  because  it  is  clear  that  if  the  potash  in  question  is  largely  adulterated 
with  soda,  or  was  altogether  nothing  else  than  carbonate  of  soda,  as  has  occasionally 
happened,  it  is  OTident  that  no  deposit  of  sulphate  of  potash  would  take  place ;  and 
yet^  as  it  is  necessary  to  the  success  of  the  operation  that  the  liquor  should  contain  an 
excess  of  this  latter  salt,  a  certain  auantity  of  it  preyiously  reduced  to  fine  powder 
must  in  that  case  be  purposely  added  to  the  solution. 

71.  After  the  disonffagement  of  gas  has  ceased,  it  is  necessary  to  pour  the  dilute  acid 
cautiously,  and  only  drop  by  drop,  until  the  neutralising  point  is  correctly  hit»  which 
will  be  Imown  as  usual  by  testing  with  litmus-paper.  But  if,  by  aocident»  too  much 
add  have  been  used,  which  is  known  by  the  reaiienin^  of  the  litmus-papev,  the  slight 
oyerdose  mav  be  neutralised  by  adding  a  small  quantity  of  weak  sdutiou  of  potash. 

72.  As  this  reaction  produces  heat,  it  is  necessary  to  lower  the  liquor  down  to  the 
tempezatnre  of  the  atmosphere,  decant  in  a  filter  pLsoed  orer  the  glass  cylinder,  and 
fill  it  up  to  the  scratch  8,000,  by  washing  the  residue  on  the  filter  with  a  saturated 
solution  of  sulphate  of  potash,  exactly  as  described  in  §  63. 

73.  The  ^lass  (^linder  being  propoly  filled  up  to  the  scratch,  remote  the  funnel, 
close  the  onfice  oi  the  glass  cjdmdor  with  the  palm  of  the  hand,  and  shake  the  whole 
Tiolently;  holding  the  natrometer,  which  should  be  perfectly  dean,  by  its  upper 
extremity,  slowly  immerse  it  in  the  solution.  If  the  potash  under  examination  be 
pure,  the  pnk  scale  will  indicate  the  degree  of  temperatnre  at  which  the  experiment 
has  been  made,  taking  the  under  line  as  the  true  level  of  the  liquid ;  but  if^  on  the 
contrary,  it  contains  soda,  the  pink  scale  of  temperatures  will  indicate  a  few  degrees 
more  than  the  real  temperature,  and  this  surplus  number  of  degrees,  being  compared 
with  those  of  the  soda  scale  contiguous  to  i^  on  the  opposite  side,  will  express  the 
porwsentage  of  soda  present  in  the  sample. 

74.  For  example : — Suppose  the  experiment  to  hsTe  been  made  at  -f  12^  Centi- 
grade, and  to  have  giyen  a  solution  msndng  26^  on  the  pink  scale  of  temperatures  of 
the  natzometer,  that  is  13^  more  than  the  real  temperature  ;~looking,  therefore,  at 
number  18  on  the  pink  scale  of  temperature,  it  will  be  seen  that  the  number  exactly 
opposite  on  the  soda  scale,  and  conesponding  to  it^  is  4,  which  indicates  that  the 
samfde  of  potash  examined  contains  4  per  cent,  of  soda. 

It  is  important  to  bear  in  mind  that  all  commercial  potashes  contai|i  natorally  a 
small  quantity  of  soda,  which  quantity,  in  certain  yarieties,  may  eyen  be  considerable ; 
it  is  only  when  the  proportion  of  soda  is  more  considerable  than  that  which  is 
natorally  contained  in  tie  speoiet  c^potash  submitted  to  analysis,  that  it  should  be 
considend  as  firaudttlently  added.  The  following  Table,  published  by  M.  Peder,  shows 
the  ayerage  composition  of  the  prindpal  yaxieties  of  potash  found  in  oommeroe,  when 
in  an  unadulterated  state  :— 

AvenoffB  CompoaiHan  o/I^taike$. 


1 
1 

A 

J 

J 

IqrMldniac' 

1 

1851 

1855 

i 

Id 

< 

lili 

SdphAteofpotMh      .       • 
OtaarideofpofeMriiiiii.       . 
Otobonateof  potMh    . 
Otfboiwteof80da(di7) 
lowlubtorMidiie        .      . 
Mot^tw      •      •      •      • 

Fhoqihorlo  add,  lime,  rfUoa, 
Jus.   .      .      ^      .      . 

1S*47 
0^ 
74-10 

roi 

0*60 

Tn 

0-W 

U'll 

Wl 
8*82 

8-lS 

s-u 

mide- 
ter- 

ditto 

U-88 

S'Sl 
4-M 

849 

88*84 
••IS 

88*6S 
4*17 
9*66 
8*84 

1*20 

4*«7 
18*17 
S1-8S 
84*17 

•    » 

IM 

8*98 
19*89 
88*90 
28*17 

•      • 
0*26 

1819 
88*89 
28*64 
19HM) 

8-68 

1*80 

1*80 

89*96 

8*12 

0*80 
1*88 

0*70 

1*70 

98*24 

2*12 

0*24 

lOO-OO 

KKHX) 

liKHK) 

100-00 

100*00 

100*00 

100*00 

100*00 

100*00 

AlkdlBMtriodeenes     • 

M 

U'l 

M 

M4 

81*6 

80 

89*7 

88*8 

88*6 

€9*8 

*  In  the  importMllty  <rf  wtfanatfag  enctly  the  low  by  eakrinatlon,  and  the  qoMitftgr  of  oxide  of 
potMdmn  in  the  oanstio  atata  (hjdzate  ci  potai^,  we  mn  reduced  the  poUih  to  the  state  of  oar- 
booatc,  to  make  oonparison  more  esqr* 
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ALKALIMETRT  8* 

75.  I%9  aUtdUmOrical  anay  qf  9oda  is  pearfomed  exactly  in  the  same  manntf  as 
tbat  of  potash— that  is  to  say:  Brom  a  faxe  areiage  sample  of  tiie  soda  to  be  examined, 
take  1,000  grains'  weight  (or  less  if  that  quantity  cannot  be  spared),  and  boil  it  fiye 
or  six  minutes  in  about  eight  fluid  ounces  of  'water,  filter  in  order  to  separate  the 
insoluble  portion,  and  irash  the  residue  on  the  filter  with  boiling  water  until'  it  no 
longer  drops  from  the  filter  with  an  alkaline  reaction,  and  the  bulk  of  the  filtered 
liquid  and  the  washings  receiyed  in  a  graduated  g^ass  (^linder  form  10,000  grains' 
measure.  Should  the  water  which  may  have  been  required  to  wash  the  residue  havo 
increased  the  bulk  of  the  solution  beyond  that  quantity,  it  should  be  eyaporated  to 
reduoe  it  to  the  bulk  mentioned. 

76.  This  bdng  done,  1,000  water-grains'  measoio—that  is  to  say,  j^  part  of  the 
aqueous  solution  of  the  soda  ash  above  mentioned  (|  76)-~are  transferred  to  the 
glass  beaker  or  vessel  in  which  the  sataratiott  is  intended  to  take  place :  it  is  tinged 
distinedy  blue  with  tincture  of  litmus,  and  the  operation  is  performed  in  the  same 
manner  and  with  the  same  precautions  as  for  potash,  the  f;lass  beaker  containing  the 
blue  alkaline  solutaoo  being  placed  upon  a  sheet  of  white  paper,  w  a  slab  of  white 
porcelain,  the  better  to  obscrre  the  change  of  colour  which  takes  place  when  the 
saturating  |XHnt  is  apfsoaching. 

77.  Haying  put  into  ft  glass  beaker  the  1,000  plains'  measure  of  the  aqueous  solu* 
tion  of  soda  ash  to  be  examined  (§  75),  and  if  the  tut  ndphnrie  acid  for  toda^ 
described  before  ({$  28-27)»  the  alkalimeter,;^.  22,  28,  or  24,  should  be  filled  with 
that  test  add  up  to  the  point  marked  0®  (taldng  the  under  lino  of  the  liquid  as  the 
true  leyel),  and  pourea  therefirom  with  the  precaution  already  indicated,  stirring 
briskly,  at  the  same  time,  the  liquid  in  the  beaker.  As  is  the  case  with  the  alkali- 
metri^  assay  of  potash,  the  carbonic  acid  expelled  by  the  test  acid  reacting  upon  the 
as  yet  undecompoeed  portion  of  the  soda  ash,  conyerts  it  into  bicarbonate  df  soda,  so 
that  at  first  no  efi&ryescence  is  {ooduced ;  but  as  soon  as  half  the  quants^  of  the  soda 
in  the  solution  is  saturated,  a  brisk  effiaryescenoe  takes  place.  At  first,  therefore,  the 
operator  may  pour  at  once,  without  fear,  a  pretty  large  quantity  of  the  test  add  into 
the  alkaline  solution,  but  as  soon  as  this  eneryescence  makes  its  appearance  he  should 
proceed  with  increased  precaution  p;radnally  as  the  saturating  point  is  approached. 
The  modua  cpenmdi  is,  in  fact,  precisely  as  abraady  detailed  for  the  assay  o£  potash, 
precisely  the  same  kind  and  amount  of  care  is  requisite,  and  the  assay  is  known  to  be 
terminated  when  the  streaks  made  upon  the  litmus-paper  with  the  stbring  rod 
remain  distinctly  and  permanently  of  a  pink  colour. 

78.  After  saturation,  and  after  haying  allowed  the  sides  of  the  alkalimeter  to  drain, 
the  number  of  divisions  at  which  the  test  add  stands  in  the  alkalimeter  indicate  at 
once  the  per^centage  of  the  soda  assayed,  since,  as  we  said,  each  division  of  this  par- 
ticular test  add  reporesents  one  grain  of  pure  soda.  If,  therefore,  the  test  add  stands 
at  62  in  the  alkalimeter,  then  the  soda  assayed  contained  62  per  cent  of  real  soda. 
See,  besides,  the  observations  of  {  48  and  following,  and  also  {  8U 

79.  Jf,  instead  of  the  special  test  add  for  soda  just  alluded  to^  the  operator  em- 
ploy that  which  has  a  specific  gravity  of  1*032,  and  100  alkalimetrical  divisions  of 
idudi  saturate  one  e(}uivalent  cf  each  base,  the  modus  operandi  is  the  same — ^that  is  to 
say,  the  alkalimeter  is  filled  with  it  up  to  0^,  and  it  is  poured  therefirom  careftilly  into 
the  alkaline  solution ;  but  as  the  equivalent  of  soda  is  81,  and  100  alkalimetrical 
divisions  of  the  test  sulphuric  add  now  employed  are  capable  of  saturating  only  that 
qliantity  of  soda,  it  is  clear  that  with  the  soda  ash  taken  as  an  example  in  the  pre- 
ee^jigcase,  imd  containing  62  per  cent,  of  real  soda,  the  operator  will  have  to  refill  his 
alkaluneter  with  the  same  test  add,  and  that  a  certain  number  of  divisions  of  this 
second  filling  will  have  to  be  employed  to  perfect  the  saturation.  In  this  instance 
the  operator  will  find  that  nearly  68  divisions  more,  altogether  168  divisions  (cor- 
rectly, 167^*74)  have  been  required  to  tiEbct  the  saturation. 

80.  If,  instead  of  the  special  test  sulphuric  add  for  soda  ($§  28-27)»  or  the  test 
sulphuric  add  for  potash,  soda,  and  other  bases  (||  81-34),  the  oper^xxr  uses  the 
potash  and  soda  alkalimeter  ($§  28-35),  the  method  is  always  the  same  (!{  74,  76>— 
that  is  to  say,  the  aqueous  solution  of  the  soda  ash  is  poured  into  the  ^mb  beaker, 
the  diffirenoe  being  merely,  that  instead  of  the  alkalimeter  being  quite  filled  up 
with  the  test  sulphurie  add,  which,  in  the  present  instance,  has  a  specific  gravity  of 
1*268  f§  29),  the  said  test  add  is  poured  into  the  alkalimeter  only  up  to  the  pdnt 
mazkea  *9oda*  (taking  the  under-line  of  the  liquid  as  the  true  level),  and  the  re- 
maining divisions  of  Uie  alkalimeter  are  carefiilly  filled  up  with  water.  The  mouth 
of  the  tube  dionld  then  be  thoroughly  dosed  with  the  thumb  of  the  left  hand,  and 
the  whole  vicdently  shaken  undl  perfectly  mixed,  taking  great  care,  of  course,  not  to 
squirt  any  of  the  add  out  of  the  tube,  which  evidenthr  would  cause  an  amount  of 
cRor  proportionate  to  the  quantity  of  the  test  add  which  would  have  thus  been  lost. 
The  add  should  then  be  pcured  from  the  alkalimeter  with  the  usual  procautioQ 
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({  76)  into  tho  glass  beaker  oonUuning  tlie  aqueous  solution  of  the  sock  ash  un^or 
ozaimiuitioD,  until  complete  neutralisation  is  attained,  stirring  brisklj  all  the  time,  or 
after  each  addition  of  the  test  addt  The  neutralisation  point  being  hit,  the  sides  of 
the  alkalimeter  are  allowed  to  drain,  and  the  operator  then  reads  off  the  number  of 
dixisions  omplojed,  which  number  indicates  the  per-centage  of  real  soda  contained  in 
the  sample  assayed.  Thus,  if  the  sample  operated  upon  be  the  same  as  that  alluded 
to  before,  the  number  of  diyisions  employed  being  A2  would  indicate  A2  per  cent  of 
real  soda. 

81.  If  the  operator  wishes  to  estimate  1ihe  amount  of  soda  in  the  sample  as  cor- 
bonaie  qf  soda,  he  should  fill  the  alkalimeter  irith  the  test  add  in  question  (specific 
ffravity  1*288)  up  to  the  point  marked  eatr^onafe  ^  sodOi  and  fill  the  remaining 
divisions  with  water,  shake  the  whole  well,  atid  proceed^  with  the  neutralisation  of  the 
aqueous  solution  of  the  sample  in  the  g^ass  beaker  as  just  described.  Supposing,  as 
before,  that  the  sample  in  questioii  contains  62  per  cent,  of  real  sodE^  it  will  now  be 
found  that  the  number  of  aiTisions  etnployed  altogether  to  saturate  the  sample  com- 
pletely are  rezy  nearly  89,  to  62  of  caustic  soda  correspond  to  88*90  d  the  carbonate 
of  that  alkali. 

82.  If  the  soda  ash  is  yenr  i>oor,  instead  of  operating  upon  1,000  water-grains' 
measure^  or  one-tenth  part  m  the  whole  solution  ( » 100  grains'  weight  of  the  soda 
ash,  II  76-77)i  it  is  adrisable  to  take  three  or  four  thonsaM  water-grains'  measure  d 
the  alkaline  solution,  and  to  divide,  by  three  or  four,  the  result  obtained  by  satnratiom 
Suppose^  for  example,  that  the  quantity  of  real  soda  found  is  46 ;  this,  if  only  1,000 
grains'  measure  had  been  taken,  would,  of  course,  indicate  46  per  cent ;  but  as  4,009 
water-grains'  measure  of  solution  have  been  taken  instead,  that  number  46  must  ac- 
cordingly, be  divided  by  4,  which  gives  11 4  per  cent  only  of  real  soda  contained  in 
the  s&mpie  under  examination. 

88.  liie  soda  ash  of  commerce  contains  generally  a  per-eentage  of  insoluble  sub- 
stances, which  are  removed  by  filtering,  as  we  said,  and  a  greater  or  less  quantity  o^ 
chloride  of  sodium  (common  salt)  and  of  sulphate  of  soda,  which,  however,  do  iiot  inr 
the  slightest  degree  interfere  with  the  accura^  of  the  result  But  Xhera  is  a  source 
of  error  resulting  from  the  presence  in  the  soda  ash  of  sulphide  of  calcium,  of  sulphite, 
and  sometimes  also,  though  more  rarely,  of  hyposulphite,  of  soda.  When  sulphuret  of 
c^cium  is  present  in  the  ash,  on  heating  the  latter  by  hot  water,  a  double  decompo- 
sition takes  place :  the  sulphuret  of  calcium,  reacting  upon  the  carbonate  of  soda,  fam$ 
sulphuret  of  sodium  and  carbonate  of  lime.  Now  sulphuret  of  sodium  saturates  thtf 
test  add  just  as  carbonate  of  soda ;  but  as  it  has  no  commerdal  value,  it  is  dear  that 
if  the  ash  contains  a  quantity  of  the  useless  sulphuret  at  all  oonsiderablo,  a  very  serious 
damage  may  be  sustained  by  the  pordiaser  if  the  per-centage  of  that  substance  present 
in  the  ash  be  taken  account  of  as  being  soda.  Sulphite  of  soda  is  produced  fWAn  the 
oxidation  of  this  sulphuret  of  sodium,  and  is  objectionable  inasmuch  that  when  the 
test  add  is  added  slowly  to  the  aqueous  sdution  of  the  ash,  the  effsct  is  to  convert 
the  sulphite  into  bisulphite  of  soda,  before  any  evolution  of  sulphurous  add,  and 
consequenUy  befbre  the  pink  reaction  on  litmus-paper  is  produced. 

84.  In  <Htler  to  obviate  the  inaccurades  resultingfrom  the  neutralisation  of  a  portion 
of  the  test  add  by  these  substances,  it  is  necessary  to  convert  them  into  snlj^iates  of 
soda,  which  w  easily  done  by  ealdning  a  quantity  of  the  sample  with  five  or  six 
per  cent  of  chlorate  of  potash,  as  recommended  by  Gay-Lussac  and  Welter.  The 
operator,  therefore,  should  intimately  mix  60  or  60  grains*  weight  of  pulverised 
chlorate  of  potash  with  1,000  flxains  of  the  pulverised  sample,  and  f^so  the  mixture  in 
a  platinum  cmdble,  for  wbida.  purpose  a  blowmpe  gas-ftirnaco  will  be  found  ex- 
ceedingly convenient  The  fused  moss  should  be  washed,  and  the  filtrate  being 
recdved  into  a  10,000  water^^irains'  measure,  and  made  up  with  water  to  occupy  that 
bulk,  may  then  be  assayed  in  every  respect  as  described  before  with  one  or  other 
of  the  test  adds  mentionedi 

86.  When,  however,  the  s<ida  ash  contains  some  hyposulphite  of  sodon-whiefa  for- 
tunately is  seldom  the  case,  for  this  salt  is  veir  difficultly  produced  in  presence  of  a 
very  large  excess  of  alkali — ^it  should  not  be  ciJdned  with  cnlocate  of  ^Aash,  because 
in  that  case  one  equivalent  of  hyposulphite  becomes  transformed,  ni>t  into  ouetpUval^t 
of  mlpkatei  but,  reacting  upon  one  equivalent  of  carbonato  of  soda,  expeb  its  carbonic 
add»  and  forms  with  the  soda  of  the  decomposed  carbonate  a  $Mmd  e^tmodhnt  of  sul- 
phate of  soda,  each  equivalent  of  hyposulphite  becoming  thus  converted  into  two 
equivalents  of  sulphate,  and  thereforo  creating  an  error  proportionate  to  the  quantity 
of  the  hyposulphite  present,  each  equivalent  of  which  would  thus  destroy  one  equi- 
valent of  real  and  available  alkali,  and  thus  render  the  estimation  of  the  sample 
inaccurate,  and  possibly  to  a  Tcary  considerable  extent 

.  86.  When  this  is  the  case,  it  is  therefore  advisable,  according  to  Messrs.  Fordos  and 
Qtlis,  to  d^ango  the  condition  of  the  sulphurots,  sulphites,  and  hyposulphites,  by  add* 
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ing A  little  neutral  chromato  df  potteh  to  the  ftUuiline  sohition,  whenee  results  sol* 
phate  of  eh^omiom,  irater,  and  a  sepaiattoa  of  sulphur,  which  will  not  affect  the  acea* 
racy  of  the  aUcalimetrical  process. 

87.  "Whether  the  sample  td  be  analysed  contain^  any  snlphnrot,  sulphite,  or  hypo- 
snlf^te,  IS  easily  ascertained  as  follows : — ^If,  on  pooring  sulphuric  acid  upon  a  por- 
tion of  the  sample  of  soda  ash  under  examination,  an  odour  of  snlphurotted  hydroeen 
— that  is,  an  odour  of  rotten  eggs — is  erolrcd,  or  if  a  poition  of  the  soda  ash,  being 
dissolTod  in  water,  and  then  filtered,  produces  a  black  precipitate  (sulphuret  <3 
lead)  when  solution  of  acetate  of  lead  is  poured  into  it^  then  the  sample  contains  a 
sulphuret* 

88.  And  if,  after  adding;  to  sonie  dilute  sulphuric  add  as  mudi  biohromato  of 
potash  as  is  necessary  to  impart  to  it  a  distinct  reddish-yellow  tinge,  and  a  certain 
quantity  of  the  solution  of  the  soda  ash  under  examination  being  poured  into  it. 
but  nob  in  sufficient  quantity  to  ttetitralise  tMo  add,  the  reddish-yellow  colour 
becomes  green,  it  is  a  proof  that  the  sample  contaius  either  sulphite  or  hyposulphite 
of  soda,  tbe  greeU  tinge  bdng  due  to  the  transformation  of  the  chromic  add.  into 
scsquioxide  of  chromium. 

89.  And  if,  muriatic  add  beiilg  poured  into  the  clear  solution  of  the  soda  ash,  a 
turbidness  supervenes  after  some  time  if  left  at  rest,  or  at  once  if  heat  is  applied,  it 
is  due  to  a  aeposit  of  sulphur,  an  odour  of  sulphurous  add  bdng  erolred,  and  hy- 
posulphite of  soida  is  probably  present.  We  sa^  *  probably,'  because  if  sulphurots  and 
sulphites  are  present,  the  action  of  muriatic  acid  would  decompose  both,  and  liberate 
sulphuretted  hydrogen  and  sulphurous  add ;  but  as  these  two  gases  deeompMe  each 
other,  a  turbidness  due  to  a  separation  Of  sulphur  is  also  formed ;  thus  2E3  +  SO* 
-2HO  +  2S. 

90.  As  we  hare  already  had  occasion  to  remark,  the  soda  ash  of  commerce 
fluently  contains  some,  and  occasionally  a  large  quantity  of  caustic  soda,  the  pro- 
portion of  whidi  it  is  at  times  important  to  determine.  This  may  be  done,  acoording 
to  Mr.  Barreswill,  by  adding  a  solution  of  chloride  of  barium  to  the  aqueous  solution 
of  the  soda  ash,  by  which  the  carbonate  of  soda  is  contorted  into  carbonate  of  baryta, 
whilst  the  caustic  soda,  reacting  upon  the  chloride  of  barium,  liberates  a  quantity  of 
caustic  baryta  proportionate  to  that  of  the  caustic  soda 
in  the  soda  ash.  After  this  addition  of  chloride  of 
barium,  the  liquor  is  filtered  in  order  to  separate  the 
predptated  carbonate  of  baryta  produced,  and  which 
remains  on  the  filter,  on  which  it  should  be  washed  with 
pure  water.  A  few  lumps  of  chalk  are  then  put  into  a 
florence  flask,  a,  and  some  muriatic  add  bdng  poured 
upon  it,  an  efibrrescence  due  to  a  disengagement  of 
carbonic  add  is  produced ;  the  flask  is  then  dosed  with 
a  good  o6rk,  proTided  with  a  bent  tube,  6,  reaching  to 
the  bottom  of  the  vessel  c,  and  the  stream  of  carbonic 
add  produced  is  then  passed  through  the  Uquor  e,  filtered 
from  the  carbonate  of  bar3rta  above  mentioned.  The 
stream  of  carbonic  add  produces  a  predpitate  of  car- 
bonate of  baryta,  which  should  be  also  collected  on  a 
separate  filter,  washed,  dried,  and  wdghed.  Each  grain  of  this  secoiid  precipitate  of 
carbonate  of  baryta  corresponds  to  0*8157  <>f  caustic  soda. 

91.  As  the  soda  ash  of  commerce  almost  invariably  contains  earthy  carbonates,  the 
sample  operated  upon  should  alwa3rs  be  dissolved  in  hot  water,  and  filtered  in  order 
to  separate  the  carbonate  of  lime  which  otherwise  would  saturate  It  proportionate 
quanti^  of  the  test  add,  and  thus  render  the  analysis  worthless. 

92.  The  quantity  of  water  contained  in  either  potash  or  soda  ash  is  ascertained  by 
heating  a  wdghed  quantity  of  the  sample  to  redness  in  a  covered  platinum  capsule  or 
crucible.  The  loss  after  ignition  indicates  the  proportion  of  watet^  If  any  caui^e 
alkali  is  present,  1  equivalent « 9  of  water,  is  retained,  which  c&nnot  be  thus  elimi- 
nated, but  which  may,  of  course,  be  determined  bv  calculation  after  the  ^portion  of 
caustic  soda  has  been  found,  as  shown  before,  each  81  grains  of  caustic  soda  Oontain- 
ing  9  grains  of  water. 

93.  Beddes  the  alkalimetrical  pocesses  which  hare  been  explained  in  the  preeedintf 
pages,  the  proportion  of  available  alkali  contained  in  the  sample  may  be  estimated 
fixnn  the  amount  of  carbonic  add  which  can  be  expelled  by  supersaturating  the  alkali 
with  an  add.  The  determination  of  the  value  m  alkalis  fh>m  the  quantity  of  car- 
bonic add  thus  evolved  by  the  supersaturation  of  the  carbonate  adMl  upon  has  long 
been  known.  Br.  Ure,  in  the  'Annals  of  Philosophy,'  for  October,  1817*  and  then 
in  his  •  Dictionary  of  Chemistry,'  1821,  and  more  recently  in  his  pamphlet  "Che* 
ihMry  l^mplificd/det^bed  set^eval  instroments  fot  analysing  eattby  and  alkalinO'' 
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carbonatoo,  and  for  a  desoriptioii  of  vhich  the  iwto  is  refenrad  to  the  article  on 
AcmuBiBT.  The  ingenious  little  appaiatne  of  Bn.  EreeeniuB  and  Will  for  the  same 
purpose,  and  to  which  m  have  alreadj  aUnded  in  the  same  article,  gives  accurate 
results ;  but  it  should  be  obserred  thatirhen  the  potash  or  soda  of  commerce  contains 
anj  caustie  alkali,  or  bicarbonate,  or  earthy  carbonates,  or  sulphuret  of  alkali— irhich, 
as  'we  hare  seen,  is  firaquentlj,  and,  indeed,  abnoit  inTaziably,  the  case,  the  process  is 
no  longer  applicable  without  first  submitting  the  ninple  to  sereral  operations — ^whidi 
render  this  process  troublesome  and  nnsuited  to  ummctised  hands.  Thus,  if  caustic 
potash  is  piesent»the  sample  must  be  first  mized  and  triturated  with  its  own  weight  of 
pure  quartcose  sand  and  aoout  one-third  of  its  weight  of  carbonate  of  ammonia.  The 
mass  IS  then  taMnatened  with  aqueous  ammonia,  and  then  put  into  a  small  iron  capsule 
and  eraporated  to  dirnees,  so  as  to  expel  completely 
the  i^iwiwrtiwa^  and  canKmate  of  ammonia.  The  mass  is 
then  treated  by  water,  filtered,  washed,  and  concen- 
tnted  to  a  proper  bulk  by  erapozation,  tzansferred  to 
the  apparatus,  and  treated  as  will  be  seen  presently. 
If  the  sample  contains  caustio  soda,  instead  of  one- 
third,  at  least  half  of  its  wmght  of  carbonate  of 
ammonia  should  be  employed,  out  for  the  estimation 
oijmre  carbonates,  Brs.  Fresensius  and  Will's  method 
is  both  accurate  and  easy.  The  apparatus  consists  of 
two  flasks,  ▲  and  b  ;  the  first  should  hare  a  capadbr 
of  from  two  to  two  ounces  and  a  half;  the  second, 
or  flask  b,  should  be  of  a  somewhat  smaller  sise, 
and  hold  about  one  and  a  half  or  two  ounces.  Both 
should  be  provided  with  perfectly  sound  corks,  each 
perforated  with  two  holes,  through  which  the  tubes 
d,  e,  d  are  passing.  The  lower  extremity  of  the  tube  a 
must  be  adjusted  so  as  to  reach  nearly  to  the  bottom 
of  the  flask  A,  and  its  upper  extremity  is  closed  by  means  of  a  small  pellet  of  wax,6; 
e  is  a  tube  bent  twice  at  right  angles,  one  end  of  which  merely  protrudes  throng^ 
the  cork  into  the  flask  A,  but  the  cdier  end  reaches  nearly  to  the  bottom  of  the  flask  b. 
The  tube  (2  of  the  flask  b  merely  protrudes  through  the  cork  into  the  flask. 

94.  The  apparatus  being  so  constructed,  a  certain  quantity— 100  grains,  for  example 
— of  the  potash  or  soda  ash  under  examination  (and  which  may  have  been  previously 
dried)  is  weighed  and  introduced  into  the  fladc  a,  and  water  is  next  poured  into  this 
flask  to  about  one-third  of  its  capacity.  Into  the  other  flask,  or  flask  b,  concentrated 
ordinary  sulphuric  add  is  poured,  and  the  corks  are  firml;^  put  in  the  flasks,  which 
thus  become  connected,  so  as  to  form  a  twin-apparatus,  wmch  is  then  carried  to  a 
delicate  balance,  and  accurately  weighed.  This  done,  the  operator  remores  the  appa- 
ratus fh)m  the  balance,  and  applying  his  lips  to  the  extremi^  of  the  tube  d^  sucks 
out  a  few  air-bubbles,  which,  as  the  other  tube,  a,  is  closed  by  the  wax  pellet,  rarefies 
the  air  in  the  fiask  a,  and  consequently  causes  the  sulphuric  acid  of  fiask  b  to  ascend 
a  certain  height  (after  the  suction}  into  the  tube  e;  and  if,  after  a  short  time,  the 
column  of  sulj^uric  add  maintains  its  height  in  the  tube  «,  it  is  a  proof  that  the 
apparatus  is  air-tight»  and  therefore  as  it  should  be.  This  being  ascertained,  suction 
is  again  applied  to  the  extremity  of  ^e  tube  d^  so  that  a  |K>rtion  of  the  sulphuricacid 
of  the  flask  b  ascends  into  the  tube  e,  and  presently  falls  into  the  flask  a,  the  quantity 
which  thus  passes  over  bdng,  of  course,  proportionate  to  the  vacuum  produced  by  the 
suction.  As  soon  as  the  add  thus  falls  in  the  water  containing  the  alxaline  carbonate 
in  Uie  flask  a,  an  eflfervescenee  is  immediately  produced,  and  as  the  carbonic  add  dis- 
engaged must,  in  order  to  escape,  pass,  by  the  tube  ^  through  the  concentrated  sul- 
phunc  add  of  the  fladc  b,  it  is  thereby  completely  dried  before  it  can  Anally  make  its 
exit  through  the  tube  d.  The  eflforrescence  having  subsided*  suction  is  again  applied 
to  the  tube  dt  in  <nder  to  cause  a  fresh  quantity  of  sulphuric  add  to  f£m  over  into 
the  flask  a,  as  before ;  and  so  on,  till  the  last  portion  of  sulphuric  add  sudced  over 
produces  no  effervescence,  which  indicates,  of  course,  that  all  the  carbonate  is  decom- 
posed, and  that,  conseauently,  the  operation  is  at  an  end,  A  powerful  suction  is  now 
applied  to  the  tube  df,  m  order  to  cause  a  tolerably  large  quantity  of  sulphuric  add, 
but  not  all,  to  flow  into  the  flask  a,  which  thus  becomes  Terj  hot,  from  the  combina- 
tion of  the  concentrated  add  with  the  water,  so  that  the  carbonic  add  is  thereby 
thoroughly  expelled  from  the  solution.  The  little  wax  nellet  which  served  as  a 
stopper  is  now  removed  from  the  tube  <2,  and  suction  applied  for  some  time,  in  order 
to  sweep  the  flasks  with  atmospheric  air,  and  thus  displace  all  the  carbonic  add  in 
the  apparatus,  which  is  allowed  to  beoOTie  qwU  coia,  and  weighed  again,  together 
with  Uie  wax  pdlet,  the  diflbrence  between  the  first  and  the  second  weighings— -that  is 
|o  say,  the  loss— indicatiiig  the  quantity  of  carbonic  add  which  was  contained  in  the 
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eubonate,  which  hu  bBa,ped,  abd  ftam  whidi,  of  conAie,  tlie'  quantity  of  thd  ear- 
bonated  alkali  aeted  upon  may  ba  calcalated.  Suppose  in  efifoct»  that  the  loaa  is  19 
gzains:  taking  tlie 

Egniyalent  of  Boda       ,••••••  "31 

do  carbonic  add  ••••••  «-22 

1  aqniTalentof  cazbonatoof  soda   •       •       «  ->68, 

it  is  dear  that  the  19  grains  of  carbonic  add  whidi  have  been  expelled  represent 
4577  grains  of  carbonate  of  soda,  or,  in  other  words,  100  grains  of  soda  ash  operated 
npon  contained  45*77  of  real  carbonate  of  soda,  thns : — 

C0«    KaO.OO*    C0«  NaO.    C0« 

32     :    58    ::    19    :     ff     -      45*77 

95.  As  the  soda  ash  of  commerce  ahrays  contains  earthy  carbonates,  and  rery  fre- 
quently snlphvrets,  sulphites,  and  occasional^  hyposulphites,  instead  of  putting  the 
100  grains  to  be  operated  upon  directly  into  the  flask  ▲,  it  is  absolutely  necessaiy 
first  to  dissohre  them  in  bdling  vater,  to  filter  the  solution,  and  to  wash  the  predpi- 
tate  which  may  be  left  on  the  filter  with  boiling  water.  The  solution  and  the  wash- 
ings being  mixed  together,  should  then  be  reduced  by  evaporation  to  a  proper  Tolume 
for  introduction  into  the  flask  a,  and  the  process  is  then  carried  on  as  dBseribed.  If 
sulphurets,  sulj^tes,  or  hyposulphites  are  present,  the  ash  should  be  treated  exactiy 
as  mentioned  in  {{  83-91,  previous  to  pouring  the  solution  into  the  flask  A,  since 
otherwise  the  sulphuretted  hydrogen  and  sulphurous  add,  which  would  be  disengaged 
along  with  the  carbonic  add,  would  apparently  augment  the  proportion  of  the  latter, 
and  render  the  result  quite  erroneous. 

96.  The  balance  used  for  this  mode  of  analysis  should  be  capable  of  indicating 
small  weights  when  heavily  laden. 

A&SA&nra  SAmx^Ui— >Babtta,  Loai,  and  Stbomtu.  These  earths  are  so 
caUed  to  disttngnSsh  them  from  the  earths  HAomnu  and  Aluxima.  They  are  sduble 
in  water,  but  to  a  much  lees  extent  than  the  alkalies.  Their  solutions  imnart  a  brown 
colour  to  turmeric  paper,  and  neutralise  adds.  They^  are,  howerer,  mstingnished 
from,  the  alkalies,  by  their  combination  with  carbonic  add  being  nearly  insduble  in 
water. 

h%Miil»T  WA8TB.  A  bv-produet  obtained  in  the  manu&cture  of  soda-ash. 
By  heating  sul^iate  of  soda  with  chalk  and  carbonaceous  matter,  a  mixture  of  car- 
braiate  of  soda  and  sulphide  of  caldum  is  obtained.  The  former  salt  is  dissdyed  out 
on  lixiyiation,  whilst  tne  latter  remains  as  an  insduble  reddue.  It  is  this  reddue 
which  constitutes  *  alkali  waste.'  The  accumulation  of  this  material  is  aften  a  soorce 
of  great  annoyance  to  the  manu&cturer,  espedally  by  the  eyoluticm  of  sulphuretted 
]i}W)gen.  Several  methods  have,  of  late  years,  been  introduced  for  the  utilisation  of 
this  piroduct,  and  the  recovery  of  the  sulphur  which  it  contains.  For  a  description  of 
these  processes  see  Soda. 

AXXAVar.  (OrcanettetFt,;  OrkanH^  Ger.)  Anehua  tinetoriiL  A  species  of 
bugloss,  or  boragewort,  cultivated  in  the  neighbonriiood  of  Montpellier  and  in  the 
Levant  It  is  sometimes  called  the  bugloss  of  Languedoc,  or  the  dyer's  bugloss. 
The  anchusa  is  a  rough  plant,  with  downy  and  spear-shaped  leaves,  and  dusters  of 
small  purple  or  reddish  flowers,  the  stamens  of  which  are  shorter  than  the  corolla. 
It  afifords  a  flue  red  colour  to  alcohol  and  oils,  but  a  dirty  red  to  water.  Its  pnndpal 
use  is  for  cdouring  ointments,  mis,  and  pcnnadee.  The  spirituous  tincture  gives  to 
white  marble  a  beautify  deep  stain ;  but,  usually,  wax  is  edonred  with  the  anchusa, 
and  then  applied  to  the  suifaoe  of  warm  marble.  It  stains  it  flesh-colour,  and  the 
stain  sinks  aeep  into  the  stone.  Oil  odoured  by  alkanet  is  used  for  staining  wood  in 
imitation  of  rosewood. 

Alkanet  root  was  analvsed  by  Dr.  John,  who  found  the  constituents  to  be  a  peculiar 
odowring  matter  (psetienMi/toiftm),  5*50;  extractive,  1*00;  gum,  6*25;  matters 
extracted  by  caustic  potash,  65*00 ;  woody  fibre,  18*00. 

The  colouring  matter  rendes  in  tiie  cortical  part  of  the  root,  and  was  regarded  by 
Felletier  as  a  kind  of  Oeitty  add  (oftcAiwio  oeic^) ;  but  it  is  now  usually  considered  to 
bearesindd(aneAtf«ifis),  who0ecompodtionisC**£P*O*(O**S««O*).  Thisrootis 
sometimes  termed  the  spurious  aiktmet  root  {radix  alkanna  ipwria),  to  distinguish  it 
from  the  Al-kenna. 

Mlm'MMMWJL,  or  Al-Snnr  A«  is  the  name  of  the  roots  and  leaves  of  Lawsonia 
4tt€rmi$f  which  have  been  long  employed  in  the  East  to  dye  the  nails,  teeth,  hair, 
garments,  ite.  The  leaves,  ground  and  mixed  with  a  litUe  limewater,  serve  for 
jfl^ng  the  tails  of  horses  in  Persia  and  Turkey. 
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It  is  the  Mind  tm  the  herb  Henna  firoqnently  referred  to  by  the  Oriental  poets. 
Tho  powder  of  the  leaves,  bring  wet,  forms  a  psuste,  which  is  bound  on  the  nails  for  a 
night,  and  the  colour  thus  given  will  last  for  several  weeks. 

This  plantis  distinguished  as  the  true  alkanet root  (radix  alkanna  vera^ 

A Tili»Ma»TlTa.*  A  fiatavd  allo^  of  atsenid  ana  antimony,  containing  Sb  As'. 
It  is  found  at  AlleWnt;  in  I^uphhiy  (il^heneb  the  name) ;  at  Pmbram,  in  Bohemia ; 
and  at  Andreasberg,  in  the  Hartz. 

AXAXOATZOV.  An  arithmetical  formula,  useftil  on  many  occasions  for  ascertain- 
ing the  proportion  of  constituents  in  a  mixture,  when  they  have  undergone  no  change 
of  volume  by  chemical  action,  or  for  finding  the  price  or  value  of  con^xninds  consist- 
ing of  ingredients  of  different  values,  l^us,  if  a  quantity  of  sugar  worth  Sd.  the 
pound,  and  another  quantity  worth  10(2.,  are  mize(C  the  question  to  be  solved  by 
alligation  is,  what  is  the  value  of  the  mixture  by  the  pound  ?  Alligation  is  of  two 
kinds — medial,  and  alternate ;  tnediali^Mhen  tiie  raite  of  mixture  is  sought  firom  the 
rates  and  quantities  of  the  simples ;  alternate,  when  the  quantities  of  the  simples  are 
sought  from  the  rates  of  the  simples  and  the  rate  ci  the  mixture. — Webeter, 

A&UCOXJL  ^fftofe  is  obtained  by  distilling  crude  naphtha,  and  collecting  all  that 
leaves  the  still  in  the  first  distillation  befoM  the  boiling  temperature  reaches  194^  F. ; 
and  on  the  second  distillation,  all  below  176^  F.  It  boils,  iHien  nearly  free  from 
benzole,  at  a  temperature  of  from  140^  to  158^  F.,  and  possesses  an  alliaceous  odour 
somewhat  resembling  that  of  bi-sulphide  of  carbon. 

A&Xinnil.  A  genus  of  plants  belonging  to  the  LUiacem  or  lily-order.  The  bulbs 
of  manv  species  are  esculent  AJUnm  Cepa  is  the  onion ;  A.  eativum,  garlic ;  A.  pormm, 
the  leek ;  A,  Aacalonicum,  the  shallot;  A,  Schetnoprasum,  the  diive.  The  so-called 
'Spanish  onions,'  imported  from  Spain,  Portugal,  and  EgypC»  are  merely  the  large 
bulbs  of  varieties  of  uie  common  omen,  which,  cultivated  in  warm  dry  countries,  lose 
much  of  their  pungency. 

AUbOOUifta.  A  mineral  found  in  the  Bannat^-onoe  regarded  as  a  Cobalt- 
glance.  It  appears  to  be  of  a  very  complex  and  variable  composition.  Essontially 
It  is  a  compound  of  sulphui^,  aftemc,  iron,  ano,  and  oobalU 

AlAOFRAVa— from  6Xkes  lotker,  and  faUm  to  appear,  In  alluskn  to  the  change 
of  appearance  which  this  mineral  undergoes  before  the  blowpipe  flame.  This  mineral, 
which  is  a  hydrated  silicate  of  alumina,  consists  essentially  ci  silica  24*22,  alumina 
40*89,  and  water  8A*89*  It  is  generally  found  lining  small  cavities,  and  in  veins  in 
marl  or  chalk.  Allophanes  have  been  found  containing  from  14  to  19  per  cent,  of 
oxide  of  copper,  whidi  give  them  a  green  colour. 

JLX&OTmOFT.  AUotfopie  Condithn.  A  name  introduced  by  Benelius  to  sig 
another  form  of  the  same  substance,  derived  from  (UXet,  anotMTf  and  rp^t,  k 
Carbon,  for  example,  exists  as  the  diam<Hid,  a  brilliant  gem,  with  dijfBculty  combus- 
tible ;  as  graphite,  a  dark,  opaque  mass,  often  crystalline,  also  of  great  infosibiHty ; 
and  as  charcoal,  a  datk  porous  oody,  which  bums  with  focility. 

Sulphur,  when  melted,  is  at  280^  F.  perfectly  liquid.  Beinff  heated  to  480^  F.,  it 
becomes  thi<^  and  so  tenadous  that  it  can  scarcely  be  poured  out  of  the  vessel  in 
which  it  is  melted.  When  heated  to  480^  it  again  becomes  liquid,  and  continues  so 
until  it  boils.  These  eiami^es  are  sufficient  to  explain  the  meaning  of  this  tenn. 
An  extensive  series  of  bodies  appean  to  assume  similar  allotropic  modiflcatioos. 
The  probability  is  that,  with  the  advance  of  physical  and  diemical  science,  many  of 
the  substances  now  supposed  to  be  elementary  will  be  proved  to  be  but  allotropic 
states  of  some  one  form  of  matter.    See  Isokxkisic. 

AA&aT.  (AUiage,  Fr. ;  L^frtrnff,  Ger.)  From  the  French  allier,  to  unite  or  mix ; 
or  the  Latin  allwo,  to  bind.  Ihis  term  fonnerly  signified  mixing  some  baser  metal 
with  gold  and  silver,  and  this  meaning  is  still  preserved  in  reference  to  coinage ;  but, 
in  chemistfy,  it  now  means  any  compciond  of  any  two  or  more  metals  whatever.  OThus, 
bronse  is  an  alloy  of  copper  and  tin  \  brass,  an  alloy  of  copper  and  rinc ;  and  typo 
metal,  an  alloy  of  lead  and  antimony.  All  the  alloys  possess  metallic  lustre,  even 
when  cut  or  broken  to  pieces ;  they  are  opaque ;  are  excellent  conductors  of  heat  and 
eleetrici^ ;  are  frequently  susceptible  <»  crystallising ;  are  more  or  lees  ductile,- 
m^lle^ble,  elastic,  and  sonorous.  An  alloy  which  oonsists  of  metals  difl^rently  frisible 
is  usually  malleable  when  cold,  and  brittle  when  hot,  as  is  exemplified  with  brass  and 
gong  metal. 

Many  alloys  consist  of  definite  or  atomic  proportions  of  the  rimple  component 
metals*  thou^  some  allovs  seem  to  form  in  any  proportion,  like  combinations  of  s^t 
or  sugar  with  water,  it  is  probable  that  pecmliar  properties  belong  to  the  atomic 
ratio,  as  is  exemplified  in  the  superior  qnali^of  l»ass  made  in  that  prc^rtion. 

The  experiments  of  Crookewitt  upon  amalgams  appear  to  prove  that  the  combina- 
tion of  metals  in  alloys  obeys  some  taws  of  a  similar  aiarnctor  to  those  iriiich  prevaii 
between  combining  bodies  in  solution ;  ie.  that  a  true  combining  proportion  existed^ 
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By  ftmalgamation  and  sfzunin^  Uuongh  clwinois  leather,  lia  obtained  aryetalline 
metallie  con^onnds  of  gold,  bumnth,  leaMl,  and  cadminm,  with  mercurjr,  which 
appeared  to  exist  in  true  definite  proportions.  With  potassiam  he  obtained  two 
amalgnniB,  KH^  and  KHg^.  Wita  mlrer,  by  bringing  mefcnry  in  eontact  with 
a  aolutioin  of  mtzate  of  silver,  according  to  the  qnanti^  of  mercury  employed,  he 
obtained  such  amalgams  as  Ag^Hg**,  Agflg*,  AgH^,  AgHg*. 

Beyond  those  thm  are  many  experiments  ii&eh  apijear  to  proTO  that  alloys  are 
true  diemical  compounds ;  bat,  at  the  same  time,  it  is  highly  probable  that  the^ 
true  chemical  alloy  is  very  often  dimohed  ^mechanically  disseminated)  in  that  metal 
which  is  Isrgely  in  excess.  In  sobm  cases,  nowerer,  the  alloy  appears  to  be  nothing 
more  than  a  mechanical  mixture  of  the  component  metals. 

Some  years  since,  the  Editor,  at  the  reqpust  of  Sir  Heniy  Be  la  Beehe,  and  gnided 
l^  the  adrice  of  FrofSessor  Graham,  oBnieid  oat  a  series  of  ejroenments  in  the  laboratory 
of  the  Mnsenm  of  Practical  Geology,  with  the  yiew  of  obtaininff  a  good  alloy  for 
soldiers'  medals,  and  the  results  confirmed  the  views  respecting  the  laws  of  definite 
proportional  combination  among  the  metals.  Many  Of  those  alloys  were  stmck  at  the 
mint,  and  yielded  beautiftd  impressions ;  bnt  tMre  were  many  objections  nrged 
against  the  nse  of  any  alloy  for  a  medal  of  honoor. 

One  metal  does  not  alloy  indiflferoBtly  with  every  other  metal)  but  tt  Is  governed  in 
this  respect  by  peculiar  affinities ;  thns,  silver  will  hardly -nnito  with  iron,-  bnt  it  com- 
bines readily  with  gold,  copper,  and  lead.  In  comparing  the  alloys  with  their 
eonstStnent  metali,  the  following  differences  may  be  noted.  In  general,  the  ductility 
of  the  alloy  is  less  than  that  of  the  separate  metals,  and  sometimes  in  a  very  remark- 
able decree;  on  the  contrary,  the  alloy  is  usually  harder  than  the  mean  hardness  of 
its  constitaeiits.  The  mercurial  alloys  or  amal^ms  are*  perhaps,  exceptions  to  this 
rale.    . 

The  specific  gravity  is  i!arely  the  mean  between  that  of  each  of  its  oonstituents,  but 
is  sometimes  greater  and  sometimes  less;  indicating^  in  the  former  ease,  a  closer 
cohesion,  and,  in  the  latter,  a  reoedure,  df  the  particles  ttom  each  other  in  the  act  of 
thdr  union.  The  alloys  of  the  following  metals  have  been  examined  by  Crookewitt^ 
lind  he  has  given  their  spedfie  gravities  as  in  the  following  TMt ;  the  spedfio  gravity 
of  the  unalloyed  metals  beings 


Copper 
Tin     • 

That  of  the  alloys 

Cu«8n» 

Gu  Sn 

Ctt'Sn 

Cu*Zn» 

Cu«Zn« 

Cu«Zn 

Gu«Pb« 


8*794 
7-80d 


7-6fi2 
8072 
8-512 
7-930 
8-224 
8*392 
10*7A8 


Zine. 
Load 


OuPb 
SnZn* 
SnZn 
Sn*Zn 
SnPb« 
SnPb 
Sn*Pb 


.    6-860 
«  11*864 


10*375 
7-096 
7*115 
7-235 
9-965 
9*394 
9-025 


The  following  Tables  of  binary  alloys  exhibit  this  circumstanoe  in  exptrimeatal 
detail : — 


AOojv  hating  s  denatty  grester  than  tin  mean 
of  their  conttttiMiti* 
Gold  and  sine 
Gold  and  tin 
Gold  and  bismuth 
Gold  and  antimony 
Gold  and  cobalt 
Silver  and  Buc 
SUver  and  lead 
Silver  and  tin 
Silver  and  bismuth 
Silver  and  antimony 
Copper  and  sine 
Copper  and  tin 
Copper  and  palladium 
Copper  and  bismuth 
Lead  and  antimony 
Pbtinum  and  molybdenum 
Palladium  and  bismuth 


AUogri  hiving  sdensity  leai  than  tht 
CtadrooMtttiMiitt. 
€k>ld  and  silver 
Gold  and  iron 
Gold  and  lead 
Gold  and  eopner 
Gold  and  iridium 
Gold  and  niokel 
Silver  and  copper 
Iron  and  bismuth 
Iron  and  antinmny 
Iron  and  lead 
Tin  and  lead 
Tin  and  palladium 
Tin  and  antinionv 
Nickel  and  arseme 
2Sine  and  antimony 
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There  axe  maikj  pdnta  of  great  physical  as  well  as  chemical  interest  in  connection 
with  alloTB,  which  require  a  closer  stndy  than  they  have  yet  receiTed.  There  are 
some  BtAang  facts,  brought  forward  by  M.  Wertheim,  deduced  firom  experiments 
carried  on  upon  fifty-fonr  binary  alloys  and  nine  ternary  alloys  of  simple  and  known 
composition,  which  will  be  found  in  the  '  Journal  of  the  French  Institute,'  to  which 
the  reader  desiring  information  on  this  point  is  referred. 

It  is  hardly  possible  to  infer  the  meltuig  point  of  an  eMoy  tram  that  of  each  of  its 
constituent  metals ;  but^  in  general,  the  fusibility  is  increased  by  mutual  affini^  in 
their  state  of  c<mibination.  Of  this  a  remarkable  instance  is  afoded  in  the  Visible 
metal  consisting  of  8  parts  of  bismuth,  6  of  lead,  and  8  of  tin,  which  melts  at  the  heat 
of  boiling  water,  or  212^  F.,  thou^  the  melting  point  deduced  firom  the  mean  of  its 
components  should  be  614^  F.  This  alloy  may  be  rendered  still  more  fusible  by 
adding  a  little  mercury  to  it^  when  it  forms  an  ezoellent  material  for  anatomical  iigeo- 
tions.    See  Fusdui  ]uiiL» 


OmtkeMMiiifFlmUqfCertaimAUoys. 


Oeoftignde 


Lead      ,       •       •       •       .  884<> 

Tin 280O 

Tin,  6  atoms ;  lead,  1  atom    «  Igi^' 

„    4     m  tf     1    f»        «  189^ 

„    3     „  If     1    M       ♦  186 


Oentignde 


Tin»  2  atoms;  lead,  1  atom  .  198° 

»f     1       »  tt       *■     n  •  *41 

»»    1      »  9f     ^    ft  •  289 

„    2to1s.:      „     1  toL  •  194^ 


In  these  experiments  of  M»  Eupfl&r,  the  temperatures  were  determined  with  ther- 
mometers of  great  delicacy,  and  the  weighings  were  careMly  carried  out — Ann.  de 
Ckimie,  xL  286-802;  Brewsttr's  Mm.  Jour.  8cu  L  N.a  p.  299. 

The  colours  of  alloys  do  not  depend  in  any  considerable  degree  upon  those  of  the 
separate  metals ;  thus,  the  colour  of  copper, instead  of  beingrendered  paler  by  a  large 
additioa  of  cine,  is  thmby  conyorted  into  a  rich-looking  yeUow  metal,  brass. 

By  means  of  allocs,  we  multiply,  as  it  were,  the  number  of  useM  metals,  and 
sometimes  give  usefuness  to  such  as  are  separately  of  little  value.  Since  these  com- 
pounds can  be  formed  only  by  fusion,  and  that  many  metals  are  apt  to  oxidise  readily 
at  their  melting  temperature,  proper  precautions  must  be  taken  in  making^  alloys  to 
prevent  this  ooeuiTencc^  Thus,  in  combining  tin  and.  lead,  resin  at  grease  is  usually 
put  on  the  sur&ce  of  the  melting  metals,  the  carbon  produced  by  the  decomposition 
of  which  protects  them,  in  most  cases,  sv^dentljr  from  oxidation.  When  we  wish 
to  combine  tin  and  ircm,  as  in  the  tinning  of  cast-iron  tea-kettles,  we  rub  sal-ammo- 
niac upon  the  surfooes  of  the  hot  metals  in  contact  with  each  other,  and  thus  exclude 
the  atmospheric  oi^^ii  by  means  of  its  Aimes.  When  there  is  a  notable  difBbrence 
in  the  specific  gravities  of  the  nietals  which  we  wish  to  combine,  we  often  find  great 
difficulties  in  obtaining]  homogeneous  alloys ;  for  each'  metal  may  tend  to  assume  the 
level  due  to  its  density!  as  is  remarkably  exemplified  in  alloys  of  gold  and  silver  made 
without  adequate*  stirring  of  the  melting  metals.  If  the  mass  to  large  and  slow  of 
cooling,  after  it  id  cast  in  an  upright  cylindrical  form, 'the  metals  sometimes  separate, 
to  a  certain  degree,  in  the  order  of  their  densities.  Thus,  in  casting  lar^  bells  and 
cannon  with  copper  alloys,  the  bottom  of  the  casting  is  apt  to  contain  too  much 
copper  and  the  top  too  much  tin,  unless  very  dexterous  manipulation  in  mixing  the 
fused  materials  has  been  employed  immediately  befcne  the  pouring  out  of  the  melted 
mass.  When  such  inequalities  are  observed,  uie  objects  are  broken  and  re-melted, 
after  which  they  form  a  much  more  homogeneous  allqy.  This  artifice  of  a  double 
melting  is  often  had  recourse  to,  and  especiaUy  in  casting  the  alloys  for  the  specula 
of  telescopes. 

When  we  wish  to  alloy  three  or  more  metals,  we  often  experience  difficulties, 
either  because  one  of  the  metals  is  more  oxidisable,  or  denser,  or  more  ftisible,  than  the 
others,  or  because  there  is  no  direct  affinity  between  two  of  the  metals.  In  the  latter 
predicament,  we  shall  succeed  better  by  combining  the  three  metals  first  in  pairs, 
for  example,  and  then  melting  the  two  pairs  together.  Thus,  it  is  difficult  to  unite 
iron  with  bronse  directly ;  but  if,  instead  of  iron,  we  use  tin  plate,  we  shall  imme- 
diately succeed,  and  the  bronse,  in  this  manner,  acquires  valuable  qualities  from 
the  iron.  Thus,  also,  to  render  brass  better  adapteid  for  some  purposes,  a  small 
quantity  of  lead  is  sometimes  added  to  it,  but  tnis  cannot  be  done  directly  wiUi 
advantage ;  it  is  better  to  melt  the  lead  first  along  with  the  one,  and  then  to  add 
this  alloy  to  the  melting  copper,  or  the  copper  to  that  alloy,  and  fuse  them  together. 

One  of  the  alloys  mostusctftd  to  the  arts  is  brass ;  it  is  more  ductile  and  less  easily 
oxidised  than  even  its  copper  constituent,  notwithstanding  the  opposite  nature  of  the 
line    (See  Bbass.)    This  alloy  may  exist  in  many  diflferent  proportions,  under  which 
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it  hai  different  names,  as  tombae,  similor,  pnchbeck,  &&  Oopper  and  tin  form 
eoapoonds  of  ranazkable  ntilitr,  known  nnder  the  name  of  hard  brass,  for  the 
bnsnes»  stops,  and  bearings  of  the  axles,  arbours,  and  spindles  in  machinery ;  and 
of  brtmsSt  SeU^metalf  ^cc  (See  Bbonsb»  &e.)  Gold  and  sifyer,  in  their  pure  state,  are 
too  soft  and  flexible  to  form  either  vessels  or  coins  of  sufBcient  strength  and  dura- 
bility ;  but  when  allmd  with  a  little  oopper,  they  acquire  the  requisite  hardness  and 
sti&ess  for  these  and  other  purposes.  Aluminium  has  been  found  b^  Dr.  Percy  to 
possess  the  same  hardening  property.    See  Atjnastvm  Bbomzb. 

When  we  haTe  occasion  to  unito  serei^  pitees  of  the  same  or'of  dilB&rent  metals, 
we  em|doy  the  process  called  soldmnff,  ibhich 'consists  in  fixing  tbgether  the  surfiEU»s 
by  means  of  an  interposed  alloy,  which  mufA  be  'necessarily  move  ftisible  than  the 
inetal  or  metals  to  be  joined.  That  allo^  mnift  alsd  consist  of  meCals  wbich  jpossess  a 
strong  affinity  for  the  substances  to  be  loldeted  together.  Hence  each  metol  would 
seemtoreqpreaparticalarldndofsoIdAr,  which  iib  to  a  certain  extent,  true^  Thus, 
the  solder  for  gold  tdnkets  and  plate  is  ab  alloV  of  gold  and  silyer.'or  gold  and  copper ; 
that  for  silyer  trinketo  is  an  aUoy  of  nlVer  and  copper ;  that  for  copper  is  either  fine 
tin,  for  pieoes  tiiat  must  not  be  expos^  to'the  fire,  or  a  brass  alloy  called  hard 
solder,  of  which  the  zinc  forms  a  considerable  proportion.  The  solder  of  lead  and 
tin  plate  is  an  alloy  of  lead  and  tin,  and  that  ^  tin'is  the  same  alloy  with  a  little  bis- 
nrath.  Unning,  gilding,  and  silyeringmay  also  be  reckoned  as  species  of  alloys, 
since  the  tin,  gold,  and  silyer  are  supeoScially  united  in  these  cases  to  other  metals. 

HetalUc  alloys  possess  usually  Biore  t^nadt^  than  could  be  inferred  from  their  con- 
stituento;  t}ius,  an  alloy  of  12  parts  of  lead  with  1  of  sine  has  a  tenadfy  double  that 
ofano. 

The  odhesiye  fbrce  of  alloys  is  well  shown  in  the  annexed  Table  (p.  94)^  in  which  the 
xesnUs  are  mostly  those  obtained  by  MuschenbroeL^ 

Metallic  allm  are  generally  mudi  more  eanly  oxidised  than  the  separate  metals,  a 
nhanimiencm  which  may  be  ascribed  to  the  increased  affinitnr  for  oxygen^  whi^i  resulto 
nom  the  tendency  of  the  one  of  the  oxides  to'  combine  with  the  other.'  An]  alloy  of 
tin  and  lead  heated  to  redness  takes  fire|  and'contihues  to  bum  fear  some  time  like  a 
pieeecfbadturl 

Every  alloy  is,  in  refjorenoe  to  the  arts  and  manufactures,  a  new  metal,  on  account 
of  its  chemical  and  physical  properties.'  A  Vast  field  here  remains  to  be  explored. 
Not  abore  60  alloys  haye  bcMi  studied  By  the  chemiste  out  of  many  hundreds  which 
may  be  made ;  and  of  these  but  few  haye  been  yet  practically  emplqjred.  Very  slight 
moofications  often  oonstitnto  yaluable  improyemento  upon  met^llo  bodies.  Thus, 
the  brass  most  esteemed  by  turners  at  the  lathe  contains  nom  2  to  8  per  cent,  of  lead ; 
but  sudi  biass  does  not  work  well  under  the  hammer;  and,  reoiprocidly,  the  brass 
whidi  is  best  under  the  hammer  is  too  t(mg^  fbr  turning. 

M.  Ghaudet  has  made  some  expenmente  on  the  means  of  detMting|the  s^etals  of 
aUoys  hv  the  cupellixig  ftimaoe^  and  they  promise  useful  applications.,*  Th^  testing 
depends  upon  t£e  appearance  exhibited  by  the  ihetals  and  their  alloyi(  when  heated 
QoacupeL    The  following  were  Ghaudet^s  respite  :^-- 

JTew.— Pure  tin,  when  heated  this  way,  f^es,  becomes  of  a  g^feyish^lack  colour, 
ftimes  a  little,  exhibito  incandescent  points  on^ite  suz&ce^  and  leayes  a^  oxi^e  which, 
when  withdrawn  f^om  the  fire,  is  at  first  lemon-yellow,  but,  when  pdd,  .white.  Anti- 
mony melts,  preseryes  ito  brilliancy,  fumes,  and  leayes  the  yessel  coloured  lemon- 
yellow  idien  not,  but  oolouzless  when  cold,  except  a  few  spote  of  a  rose  tint  Zinc 
bums  brilliantly,  forming  a  cone  of  oxide ;  and  the  oxide,  much  increased  in  yolume, 
is,  when  hoti  greenish,  but|  when  oold,  perfectly  whiter  Bismuth  ftimes,  becomes 
eoyered  with  a  coat  of  melted  cadde,  part  of  which  sublimes,  and  the  rest  enters  the 
pores  of  the  cupel ;  when  c(dd,  the  cupel  is  of  a  fine  yellow  colour,  with  spote  of  a 
greenish  hue.  Lead  resembles  bismuth  yery  much ;  uie  cold  cupel  is  of  a  lemon- 
yellow  colour.  Copper  melte,  and  becomes  eoyered  with  a  coat  of  black  oxide ;  some- 
times spote  of  a  rose  tint  remain  on  the  cupeL 

jUlojf$,'^Tm  76,  antimony  26,  melt,  become  covered  with  a  coat  of  black  oxide, 
haye  yesy  few  incandescent  ^ointe ;  when  cold,  the  oxide  is  nearly  black,  in  con- 
sequence of  the  action  of  antimony ;  a  ^{gth  part  of  antimony  may  be  ascertained, 
in  this  way,  in  the  alloy.  An  dXLoy  of  antimony  contoining  tan  leayes  oxide  of  tin 
in  the  cup^ ;  a  t^^  part  of  tin  may  be  thus  detected.  An  alloy  of  tin  and  zino 
^yes  an  oadde  wnich,  whilst  hot,  is  of  a  ^reen  tint,  and  resembles  philosopher's  wool 
m  appearance.  An  alloy  containing  99  tin  1  zinc  did  not  present  the  incandescent 
pointe  of  pue  tin,  and  gave  an  oadde  of  greenish  tint  when  cold.  lin  96,  bismutJi  6 
parte,  gaye  an  oxide  of  a  grey  colour.  Tin  and  lead  giye  an  oxide  of  a  rusty  brown 
ooloiir.    An  alloy  of  lead  Nid  tin,  containing  only  1  per  cent  of  the  latter  metal,  when 

*  BMfoloiMla  Biftamike,  Art  Snooiorn,  and  tntrodaotion  ad  PbHose.  Katnns. 
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ALLOY 


Oobailoiiof 

AUATOF 

Speoiflc 

square  inch 
in  lbs. 

Spedflo 
Gravity 

AvoWupote 

PABTS 

PABTB 

Gold   .        . 

.      2 

Silver,        ,        ,1 

2-972 

28,000 

ditto. 

.     5 

^r.    • 

6-307 

60,000 

SilTer .        . 

,    5 

6148 

48,600 

ditto. 

.    4 

Tin     . 

4-862 

41,000 

Brass  . 

, 

4-870 

46,882 

Copper 

!  10 

Oln     . 

3-407 

32,093 

ditto . 

.    8 

•ditto. 

8*831 

86.088 

ditto. 

ditto. 

4-687 

44.071 

ditto . 

ditto. 

3-794 

35,739 

ditto. 

ditto. 

0108 

1.017 

ditto . 

ditto. 

0077 

725 

Onn  (EngUsh) 

!  10 

Lead  . 

0-733 

6.904 

ditto. 

ditto. 

0-841 

7.922 

ditto. 

ditto. 

0-849 

7,997 

ditto . 

ditto. 

1126 

10,607 

ditto. 

ditto. 

0798 

7.470 

ditto. 

ditto. 

0-761 

7,074 

Tin  (Banca) 

!  10 

Antimony 

1-187 

11.181 

7*369     ' 

ditto, 

ditto. 

1-049 

9.881 

7-276 

ditto. 

ditto. 

1-341 

12,632 

7-228    • 

ditto. 

ditto. 

1-431 

13.480 

7-19? 

ditto, 

ditto. 

1-277 

12,092 

7-106 

ditto . 

ditto. 

0-338 

3,184 

7-060 

ditto. 

i  10 

Bismnth 

1-347 

12,688 

7-576 

ditto. 

ditto. 

1-772 

16,692 

7'613 

ditto. 

ditto. 

1-488 

14,017 

8076. 

ditto. 

ditto. 

1-276 

12,020 

8-146 

ditto , 

ditto. 

1063 

10,013 

8-58 

ditto. 

ditto. 

0-836 

7,876 

9009 

ditto. 

ditto. 

10 

0-411 

8.871 

9-439 

l^n  (English). 

Zinc    . 

0-958 

9,024 

ditto. 

ditto. 

1-164 

10.964 

ditto. 

ditto. 

1-089 

10,268 

ditto. 

ditto .        i 

1-126 

10,607 

ditto. 

Antimony 

0-164 

1,460 

t-000 

ditto. 

ditto. 

0-888 

8,184 

ditto. 

ditto. 

1-202 

11,323 

Lead(Seoteh) 

Bismuth 

0-777 

7.310 

10-981 

ditto. 

ditto. 

0-620 

6,840 

11-090 

ditto. 

1  10 

ditto, 

0-800 

2,826 

10-827 

heated,  does  not  expose  a  dean  snzfiBoe,  ^ke  lead,  but  is  oovered  at  times  with  oxide 
of  tin.  Tin  76  and  oo^jper  26  gave  a  black  oxide :  if  the  heat  be  mnch  elervrated,  the 
underpart  of  the  oxide  is  white,  which  is  oxide  of  (in;  the  upper  part  is  black,  being 
the  oxide  of  copper,  and  the  cupel  becomes  of  a  rose  colour.  If  the  tin  be  impure 
from  iron,  the  oxide  produced  by  it  is  marked  with  spots  of  a  rust  colour. 

The  degree  of  affinity  between  metals  may  be  in  some  measure  estimated  by  the 
greater  or  less  facility  with  which,  when  of  different  degrees  of  fusibility  Qr  volatility^ 
thev  unite,  or  with  which  the^r  can,  after  union,  be  separated  by  heat  The  greater 
or  less  tendency  to  separate  into  differently  proportioned  alloys,  by  long-eontinued 
fusion,  may  also  give  some  information  upon  this  subject.  Hr.  Hatchett  remarked, 
in  his  elaborate  researches  on  metallic  alloy?,  that  gold  made  standard  with  the  usual 
precautions,  by  silver,  copper,  lead,  antimony,  &c.,  and  then  cast,  after  long  f^ion, 
into  vertical  bus,  was  by  no  means  an  uniform  compound ;  but  that  the  top  of  the 
bar,  corresponding  to  the  metal  at  the  bottom  of  the  crucible,  contained  this  laiger 
proportion  of  gold.  Hence,  for  a  more  thorough  combination,  two  red-hot  crucibles 
should  be  employed,  and  the  liquefied  metals  should  he  alternately  |>oured  from  the 
one  into  the^  other.  To  prevent  unnecessary  oxidisation  from  the  air,  the  cruAifales , 
should  contain,  besides  tne  metal,  a  mixture  of  common  salt  and  pounded  chsjrcoaL 
The  metallic  alloy  should  also  be  occasionally  stirred  up  with  9.  rod  of  earthfivware. 
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When  there  Is  a  ettoag  affinity  between  the  two  metals,  their  ailbj  ia  generally 
denser  than  the  mean,  anl  vice  vertd.  This  is  exemplified,  as  previonsly  shown,  in 
the  alloys  of  coppr  with  sine  and  tin,  on  the  4)ne  hand,  and  with  copper  and  load 
on  the  other.  When  one  of  the  metals,  however,  is  added  in  excess,  there  result  an 
atomic  compound  and  an  indefinite  combination,  as  would  appear  from  Muschonbrook's 
experiments.    Thus: — 

1  of  lead  with  4  of  silver  give  a  density  of  10*480 
1  do        2  do  11-032 

1  do        3  do  10-881 

The  proportion  of  the  constituents  is  on  this  principle  estimated  in  France  by  the  Uii 
^  iii  kail  applied  to  pewter ;  in  which  the  weight  of  the  alloyed  ball  is  compared  with 
Uiat  of  a  ball  of  pnre  tin  or  standard  pewter  east  in  the  same  mould.  Allqys  possess 
the  elasticity  belonging  to  the  mean  of  their  constituents,  and  also  the  specific  heat. 

A^xtfding  to  H.  Budberg,  while  lead  solidifles  at  825°  C,  and  tan  at  228^,  ^eir 
atomie  allc^  solidiflee  at  187°>  which  he  calls  the  fixed  pcnnt,  for  a  compound  Pb  8n'. 

An  alloy  too  slowly  cooled  is  often  apt  to  &vour  the  crystallisation  of  one  or  more 
of  its  eomponents,  and  thus  to  render  it  brittle ;  and  hence  an  iron  mould  is  preferable 
to  one  at  sand  when  there  is  danger  of  such  a  result. 

It  is  not  a  matter  of  indifierence  in  what  order  the  metals  are  melted  together  in 
making  an  alloy.  Thus,  if  we  combine  90  parte  of  tin  and  10  of  copper,  and  to  this 
alLpj  add  10  of  antimony ;  or  if  we  combine  10  parts  of  antimony  -mth  10  of  copper, 
and  add  to  that  alloy  90  parts  of  tin,  we  shall  have  two  aU<^  chemically  the  same;  and 
still  it  will  be  ea^  to  discover  that,  in  other  respects — ^fusibility,  tenacity,  &c— they 
totally  diflbr,  Whenee  this  result  ?  Obviously  from  the  natove  of  their  combination, 
dependent  upon  the  ordra  pursued  in  the  preparation,  and  which  continues  after  the 
nixture.  In  the  alloys  of  lead  and  antimony  also^  if  the  heat  be  raised  in  combining 
the  two  metals  together  much  above  their  fusing  points,  the  alloy  becomes  harsh  and 
brittle;  probably  because  some  alloy  formed  at  that  hi^h  temperature  is  not  soluble 
in  the  mass* 

In  common  eases  the  specifie  gravity  aSatdB  a  good  criterion  whereby  to  judse  of 

the  proportion  of  two  metals  in  an  alloy.    But  a  very  fiiUadous  rule  has  been  given 

in  some  respectable  works  for  computing  the  specific  gravity  that  should  result  firom 

the  alUnring  of  given  quantities  ^  two  metals  of  known  densities,  supposing  no 

chemical  ccodensation  or  expansion  of  volume  to  take  nlace.    Thus,  it  has  been  taught, 

that  if  gold  and  copper  be  united  in  eoual  weights,  tne  computed  spedfio  gravity  is 

merely  the  arithmetical  mean  between  the  numbers  denoting  the  two  spedfio  gravities. 

Whereas,  the  specific  gravity  of  any  alloy  must  be  oorapoted  by  dividing  the  sum  of 

the  two  weights  bjr  thff  sum  of  the  two  volumes,  compared,  for  conrenience  sake,  to 

water  reckoned  umty.    Or,  in  another  form,  the  role  may  be  stated  thus  ^-r^Mnltiply 

the  sum  of  the  weig^xts  into  the  products  of  the  two  speoifio-gravity  numbers  for  a 

numerator ;  and  miidtiply  each  specific-gravity  number  into  the  weight  of  the  othes 

body,  and  add  the  two  pvoducts  together  for  a  denoiqinator.    The  quotient  obtained 

by  dividing  the  said  numerator  by  the  denominator  is  the  truly  computed  mean 

specific  gravity  of  the  alloy.    On  comparing  with  that  density  the  density  found  by 

experiment^  we  shall  see  whether  expansion  or  condensati<m  of  volnme  has  attended 

the  metallic  combination.    Gold  having  a  specific  gravity  of  19*86,  and  eopper  of  8'87i 

when  they  are  alloyed  in  equal  weights,  give,  by  the  fiEdlaoious  rule  of  the  arithmetic! 

19*86  4>  8*87 
mean  of  the  densities  J^'a.  14*11;  whereas  the  rightly  computed  density  is 

only  12'16.  It  is  evident  that,  on  comparing  the  first  result  with  experiment,  we 
should  be  led  to  infer  that  there  had  been  a  pi^digious  condensation  of  volume,  though 
expulsion  has  actually  taken  place.  Let  W,  w  be  the  two  weights ;  F,  p  the  two 
specific  gravities,  then  M,  the  mean  specific  gravity,  is  given  by  the  formula 

Pw+pW      ••      ^  P  +  p 

n  twice  the  eanot  of  the  arithmetical  mean ;  which  is  therefore  always,  in  excess. 

Alloys  of  a  somewhat  complex  character  are  made  bv  Mr.  AJexander  Parkes,  of 
Birmii^gham,  of  a  white  or  pale  colour,  by  melting  togetW  38i  lbs.  of  foreign  sine, 
64  of  tin,  li  of  iron,  and  3  of  copper ;  or  60  zinc,  48  tin,  1  iron,  and  8  C(^per ;  or  any 
intermecBate  proportion  of  sine  and  copper  may  be  used.  The  iron  and  copper  are^ 
first  melted  together  in  a  emcib|e,  the  tm  is  next  introduced,  in  such  quantities  at  a 
time  as  not  to  solidify  the  iron  and  copper ;  the  sine  is  added  lastly,  and  the  whole 
foixed  hj  stirring.  The  flux  recommended  for  this  alloy  is,  1  part  of  lime,  1  part  of 
Ciunbermnd  iron  core,  and  8  parts  of  sal-ammoniac  ....  .j 


Digitized  by  VjOOQIC 


96  ALLOT 

Another  of  his  &11<^  is  eomposed  of  66  lbs.  of  foreign  Bner  88|  tin,  ^  antimony ; 
or  70}  zinc,  191  tin,  and  2}  antimony ;  or  any  intermediata  proportions,  and  irith  or 
irithottt  arsenia  He  uses  black  flux.  When  to  be  applied  to  the  sheathing  of  ships, 
from  a  to  16  oa.  of  metallic  arsenic  are  added  to  ereiy  100  lbs.  of  alloy.  A  third  dass 
of  alloys  consists  of  equal  parts  of  iron  and  nickel ;  the  copper  is  next  added,  and 
lastly  uie  zinc,  or  the  copper  and  zinc  may  be  added  as  an  alloy.  100  lbs.  may  con- 
sist of  45 i  lbs.  of  iron  and  nickel  {partes  aguaUs),  and  lOi  lbs.  of  foreign  zinc ;  or 
80}  lbs.  of  alloy  of  iron  and  nickel  (p,  «.),  46  copper,  and  26}  zinc ;  or  any  interme- 
diate proportions  of  zinc  and  copper.  He  uses  also  an  alloy  of  60  lbs.  of  copper,  20 
of  zinc,  and  20  of  silver ;  or  60  copper,  10  nickel,  10  silver,  and  20  zinc ;  the  copper 
and  nickel  being  first  Aised  together.  SQs  fifth  alloy  is  called  by  him  a  non-conductor 
of  heat  I  It  is  made  of  26  nickel,  25  iron,  and  50  copper ;  or  15  nickel,  25  iron,  and 
60  copper;  the  last  being  added  alter  the  Aision  of  the  others* 

It  may  prove  convenient  to  give  a  general  statement  of  the  more  striking  pecu- 
Uarities  of  the  impcfftant  alloys.  Hore  detailed  information  -will  be  found  under  the 
heads  of  the  respective  metals. 

QoLD  AMD  SiLVBB  ALLOTS.— The  British  standard  for  gold  coin  is  22  i>arts  pure 
gold  and  2  parts  alloy,  and  for  silver,  222  parts  ^mre  silver  to  18  parts  of  biioy. 

The  alloy  for  the  gold  is  an  indefinite  proportion  of  silver  and  copper :  some  coin 
has  a  dazk  red  colour  from  the  alloy  bein^  chiefiy  copper ;  the  lighter  the  colour  a 
larger  portion  of  silver  is  indicated,  sometimes  even  (when  no  copper  is  present)  it 
approaches  to  a  greenish  tinge,  but  the  proportion  of  pure  gold  is  the  same  in  either 
ease. 

The  alloy  for  silver  coinage  is  always  copper;  and  a  very  pure  quality  of  this 
metal  is  used  for  alloying,  boUi  for  the  gold  and  idlver  coinage,  as  almost  any  other 
metal  being  present,  even  in  vary  small  quantities,  would  make  the  motals  unfit 
for  coinage,  nom  rendering  the  gold,  silver,  and  copper  brittle,  or  not  sufficiently 
malleable. 

The  standard  for  plate  (silver)  is  the  same  as  the  coin,  and  requires  the  same 
quantity  of  copper,  and  carefully  melting  with  two  or  three  bits  of  charcoal  on  the 
surface  while  in  fiision,  to  prevent  the  (Nidation  of  the  copper  by  heat  and  exposure 
to  the  atmosphere. 

The  gold  standard  for  plate  and  jewellexy  varies,  by  an  Act  of  Parliament, 
&om  the  22  carats  pure,  to.  18, 12,  and  9 :  the  tdloys  are  gold  and  silver,  in  various 
proportions  according  to  the  taste  of  the  workmen ;  the  colour  of  the  articles  manu- 
nctared  depending,  as  with  the  coin,  on  the  proportions ;  if  no  copper  is  used  in 
qualities  under  22  carats  fine  gold,  the  colour  varies  trcm  a  soft  green  to  a  greenish 
white,  but  a  proportion  of  copper  may  be  used  so  as  to  bring  the  ^our  to  nearly  that 
of  22  fine,  1  silver,  and  1  copper. 

Wire  of  either  gold  or  nlver  may  be  drawn  of  any  quality;  but  the  ordinary  wire 
fo  fine  purposes,  such  as  laoe,  oontains  ftam  5  to  9  pennyweights  of  copper  in 
the  pound  ox  240  pennyweights,  to  render  it  not  so  soft  as  it  would  be  with  pure 
silver. 

Ckdd,  silver,  and  toppot  may  be  mixed  in  any  proportions  without  iinury  to  the 
ductility,  but  no  reUable  scale  of  tenacity  appears  to  have  been  constructed,  although 
gold  and  silver  in  almost  any  proportions  may  be  drawn  to  the  very  finest  wire. 

^e  alloys  of  silver  and  palladium  may  be  made  in  any  poportions ;  it  has  been 
found  that  even  8  per  cent  of  palladium  prevents  silver  tarnishing  so  soon  as  without 
it ;  10  per  cent,  vezy  consideraoly  protects  the  silver,  and  80  per  cent,  of  palladium 
will  prevent  the  silver  being  afiectod  by  fames  of  sulphuretted  hydrogen  uidess  very 
long  exposed:  the  latter  aUoy  has  been  found  usef^  for  dental  purposes,  and  the 
alloy  with  less  proportions-— say  10  to  15  per  cent— has  been  xuUd  for  graduated 
scales  of  mathematical  instarnments. 

The  alloy  of  platinum  and  silver  is  made  for  the  same  purposes  as  those  of  palla- 
dium, and,  by  proper  care  in  fiision,  are  nearl^.equally  useful,  but  the  platinum  does 
not  seem  to  so  perfectly  combine  with  the  silf  er  as  the  palladium.  Any  propcntion 
of  paUadium  with  gold  iigures  the  colour,  and  even  1  per  cent  may  be  dete<^  by 
signt,  and  5  per  cent  renders  it  a  silver  colour,  while  about  10  per  cent  destroys  it; 
but  the  ductility  of  the  all(^  is  not  much  iigured. 

Qdld  leaf  for  gilding  contuns  from  8  to  12  grains  of  alloy  to  the  ounce.  The  gold 
used  by  respectf3>le  dentists  is  neariy  pure,  but  necessarily  contains  about  6  grains  of 
eoppm  to  tlM  ounce  troy,  or  ij^  part 

Antimonv  in  the  proportion  of  jf^  quite  destroys  the  ductility  of  gold. 

Oold  mi  fiatimtm  alloy  forms  a  somewhat  elastic  metal.  HernuBtadt's  imitation 
of  gold  consists  of  16  parts  of  platinum,  7  parts  of  copper,  and  1  of  zinc;  put  in  a 
erucible^  covered  with  charcoal  powder,  and  melted  into  a  mass.— P«  J. 
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^  PenHffs  ABoy,  For  the  ordinaiy  porpoMS  of  momiting  artificial  toeth  a  pe^&liar 
metal  is  reqmrea.  It  must  bo  snffidontly  hard  and  tough,  and  it  must  not  bo  liable 
to  corrosion  by  either  acid  or  acrid  fluids.  Experience  has  shown  that  nn  alloy  of 
l^d,  silyer,  and  copper  most  nearly  meets  all  the  required  conditions.  Dentists  use 
16-^aat  gold,  which  is  f  fine  gold  and  ^  alloy,  the  alloy  bein^  always  nearly  equal 
poartiona  of  silyer  and  copper,  which  is  not^  for  these  purposes,  in  the  slightest  degree 
ugurions. — See  Akaiaav.  .    . 

CoTF&B  AxxoTS. — Copper  Alloyed  with  due  forms  Brass,  and  with  tin  we  hare 
Brokzb.  (See  those  artides.^  The  best  KingaUnCa  Metal  is  an  alloy  of  copper,  tin, 
and  mercury;  it  is  much  used  for  bearings.  (See  KncoOTON's  Metai^)  The  alloys 
of  the  ancients  were  usually  either  brasses  or  bronzes.  The  following  analyses  of 
ancient  coins,  ^c,  by  Mr.  John  Arthur  Phillips,  are  of  great  value  ::r=r. . 
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Copper,  when  united  with  half  its  weight  of  load,  forms  an  inferior  alloy,  resem- 
bling gun-metal  in  colour,  but  it  is  softer  and  cheaper.  This  alloy  is  called  pot-metal 
and  coek-fnet(d,  because  it  is  used  for  large  measures  and  in  the  manufacture  of  taps 
and  cocks  of  all  descripticms. 

Sometimes  a  small  quantity  of  zinc  is  added  to  pot-metal ;  but  wheu  this  is  consi- 
derable the  copper  seises  the  sine  to  form  brass,  and  leaves  the  lead  at  liberty,  a  largo 
portion  of  which  separates  on  cooling.  Zinc  and  lead  are  not  disposed  to  unite ;  but 
a  little  arsenic  occasions  them  to  combine. 

It  is  not  a  little  curious  to  find  that  some  of  the  coins  of  high  antiquity  contain 
sine:  this  must  hare  been  introduced  by  the  use  of  calamine,  since  it  does  not  appear 
that  zinc  was  known  as  a  metal  before  1280  a.d.,  when  Albertns  Magnus  speaks  of  it. 
as  a  9emi-^etalt  and  calls  the  alloy  of  copper  and  zinc  golden  ftmrcasite  ;  or  rather, 
perhaps,  he  means  to  ap^y  that  name  to  zinc,  from  its  power  of  imparting  a  golden 
colour  to  copper.  The  probability  is  that  calamine  was  known  from  the  earliest  times 
OS  a  peculiar  «aTth,  although  it  wns  not  thought  to  bo  an  ore  of  zinc  or  of  any  other 
metaL — See  'Watson's  Chemical  Essays.' 

VoL.1.  H 
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Lmib  Aix(nr8.-^fUid  alio  jB  of  copper  and  lead^Mr.  HolUapflbl  glTei  the  followiim: 
deflcriptioii : — ^Two  oanoes  load  to  one  pound  copper  produoee  a  red-coloorod  and 
ductile  alloj. 

Four  ounces  lead  to  1  pound  copper  pxw  an  alloy  leas  red  and  ductile.  Neither 
*>f  these  is  so  much  used  as  those  K)llowing  (p.  100),  as  the  object  is  to  employ  as  much 
lead  as  possible. 

Tahuiar  Siatemmt  qfthe  Physical  Peculiariiiei  of  the  Principal  JUoySt  adopted,  with 
9ome  aUeraiions,  from  the  *  Encyolopidie  Tochnologique.* 


BUi'iTLB  HBTALS 


Aksbmio 


AxTmoKT 


BmMUTH 


With  Zufc  rendering  it 

brittle. 

With  lR02r  and  Stibl, 
hardening,  whitening, 
and  rendering  those  me- 
tals susceptible  of  a  line 
polish:  much  used  for 
steel  chains  and  other 
ornaments. 

With  Gold,  a  grey  metal, 
reiy  brittle. 


With  CopFBB.  Composed 
of  62  parts  of  copper  and 
32  arsenic,  a  grey,  bril- 
liant, brittle  metal.  In- 
creasing the  quantity  of 
copper,  the  allo^  be- 
comes If hite  and  slightly 
ductile :  used  in  the  ma- 
nufacture of  buttons  un- 
der the  name  of  white 
copper,  or  Tombac. 

WithSiLTBB.  23ofsilTer 
and  14  arsenic  form  a 
greyish  -  white  brittl<i 
metoL 

WithLsAD.  Arsenic  ren- 
ders lead  brittle.  The 
combination  is  very  in- 
timate; not  decomposed 
by  hoot. 


With  T»K.  Brittle,  grey 
lamellated ;  less  fusible 
than  tin. 


WithKBBCUET.  Without 
interest. 


This  alli^  as  reiy  brittle. 


80  of  iron  and  70  of  anti- 
monr  ore  Visible;  very 
hard,  and  white.  An 
alloy  of  two  of  iron  and 
one  of  antimony  is  rery 
hard  and  brilliant. 


Forms  readily  a  pale  yel- 
low alloy,  breaking  with 
a  fracture  like  porcelain. 

Allo3rs  readily:  the  alloys 
ore  brittle.  Those  formed 
with  equal  parts  of  the 
two  metals  are  of  a  fine 
riolet  colour. 


These  have  a  strong  af- 
fini^;  their  alloys  are 
always  brittle. 


Antimony  gives  hardness 
to  lead.  24  parts  of  an- 
timony and  76  of  lead, 
corresponding  to  PVSb, 
appear  the  point  of  satu- 
ration of  the  two  metals. 


The  alloys  of  antimony 
and  tin  are  very  white. 
They  become  brittle 
when  the  arsenic  is  in 
large  quantity. 

A  gritty  white  alloy. 


Unknown. 


Doubtful 


Similar  to  antimony ;  of  a 
yellow-green  colour. 


Pale-red  brittle  metal. 


Alloys  brittle  and  lamel- 
lated. 


The  alloys  of  bismuth  and 
load  are  Ipss  brittle  and 
more  ductile  than  those 
with  antimony;  but  the 
alloy  of  3  parts  of  lead 
and  2  of  bismuth  is 
harder  than  lead.  These 
alloys  are  very  fusible. 

Tin  and  bismuth  unite  in 
all  proportions  by  fusion. 
All  the  alloys  are  more 
fusible  than  tin. 


Hereuiy  dissolves  a  lam 
quantity  of  bismuth  with- 
out losipg  its  fluidity; 
but  drops  of  the  allov 
elongate,  and  form  a  tail 
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DUCTILB  MBTALS. 


iRcnr 


Gold 


C!OPPEB 


81LTBB 


With  Zdcc.    See 

OAI.TANISBD 
IfiOX. 

With  ■  laatt  or 
Qtekl, 


With  Gold  . 


WithCk>im 


With  Imad,  does 
not  appear  to 
f ana  an  j  alloy. 


With  Tnr.  A 
rery  little  iron 
(liminiBbes  the 
malleability  of 
tin,  and  gives  it 
hardness. 

With  MuBCUBT. 
Mercnry  has  no 
action  on  iron. 


A  greenish-yellow 
alloy,  which  will 
take  a  fine  polish. 

Gold  andiron  alloy 
with  ease,  and 
form  yellowish  al- 
loys, Tarying  in 
colour  with  the 
proportions  of  the 
metals.  Three  or 
four  ports  of  iron 
nnited  with  one  of 
gold  is  TexT  hard, 
and  is  nsed  in  the 
mannfoetnre  of 
catting  instra- 
ments. 


A  renr  brittle  alloy. 
A  thonsandth  pt 
ofleadissniBiaent 
to  alter  the  duc- 
tility of  gold. 

The  alloys  of  gold 
and  tin  are  brit- 
tle;  they  preserro, 
however,  some 
ductility  when  the 

nortaon  of  tin 
not  exceed  y^ 
Mercuiy  has  a  most 
powen^  action  on 
gold.    See  Axal- 

GAX. 


SeeBsAss. 


Iron  and  copper  do 
not  form  true  al- 
loys. When  fused 
together,  the  iron, 
however,  retains  a 
little  copper. — Se- 
veral methods  for 
coating  iron  with 
copper  and  brass 
willbedeecribsd. 


Copper  and  gold  al- 
loy in  all  propor- 
tions, the  copper 
giving  haidness  to 
the  pold.  This  al- 
loy IS  much  used 
in  coin  and  in  the 
metal  employed  in 
the  mannnicture 
of  jswalleiy* 


•••        ••• 


Bo  not  appear  to 
form  a  true  alloy. 


Ofgreatlmportance. 
SeaBBOifiB. 


An  amalgam  which 
is  formed  with  dif- 
ficulty* and  with* 
out  interest 


Silver  and  sine  com* 
bine  easily,  form- 
ing a  somewhat 
brittle  alloy. 

When  1  of  silver 
and  600  of  steel 
are  fused,  a  very 
perfect  button  is 
formed.''- fifmiar^ 
amdFarmUiy, 


Qold  and  silver  mix 
easily  together ; 
but  they  do  not 
appear  to  fcmn  a 
true  combination. 
Jewellers  often 
employ  for  writ 
whidi  is  composed 
of  70  parts  of  gold 
and  80  of  silver, 
which  corresponds 
very  nearly  to  the 
alloy  possessing 
the  maximum 
hardness. 

Silver  and  copper 
alloy  in  allpiopor- 
tions.  These  al- 
loys are  much  nsed 
in  the  arts.  The 
ynftaritnniifi  hard- 
ness appears  to  bo 
produced  when 
the  alloy  contains 
a  fifth  of  copper. 

Unite  in  all  propor- 
tions; but  a  very 
small  quantity  of 
lead  will  greatly 
diminish  the  due- 
tili^  of  silver. 

Alloys  readily.  A 
very  small  quan- 
tity of  tin  destroys 
the  ductility  of 
silver. 


The  amalgamation 
of  these  two  me- 
tals is  a  little  less 
eneigetic  than  be- 
tween mercuiy 
and  gold.  See 
Aaiat/iaiiatiox. 


U% 
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'  Six  onticos  lead  to  one  found  copper  is  the  ordinary  pct-metal,  called  dry  foUmeiat^ 
M  this  quantity  of  lead  mil  be  taken  up  -withoat  separating  on  cooling ;  this  alloy  is 
brittle  when  irarmed. 

Seren  oonces  lead  to  one  poond  copper  forms  an  alloy  which  is  rather  short,  or 
disposed  to  break. 

Eig^t  ounces  lead  to  one  poond  copper  is  an  inferior  pot-motal,  called  wet  pot- 
metal,  as  the  lead  partly  ooses  out  in  cooling,  especially  when  the  new  metals  are 
mixed ;  it  is  therefore  always  usual  to  fill  the  crucible  in  part  with  old  metal,  and  to 
add  new  for  the  remainder.  This  alloy  is  yezy  brittle  when  slightly  warmed.  More 
lead  can  scarcely  be  used  as  it  separates  on  cooling. 

Antimony  twenty  parts  and  lead  eighty  parts  f<Hin  the  printing-type  of  France ; 
and  lead  and  antimony  are  united  in  rarious  proportions  to  form  the  type-metal  of 
our  printers.    See  Ttfb-iotal. 

D&.. James  Kasmyth,  in  a  letter  to  the  *Athensum'  (No.  1176,  p.  511),  directed 
attention  to  the  employment  of  lead,  and  its  fitness  as  a  substitute  for  all  works  of 
art  hitherto  executed  in  bronse  or  marble.  He  says  the  addition  of  about  5  per  cent, 
of  antimony  to  the  lead  will  ^ve  it,  not  only  great  hardness,  but  enhance  its  capa- 
bility to  run  into  the  most  dehcate  details  of  the  work. 

Baron  Wetterstedt's  patent  sheathing  for  diips  consists  of  lead,  with  2  to  8  per 
cent,  of  antimony ;  about  3  per  cent  is  the  usual  quantity.  The  alloy  is  rolled  out 
into  sheets.    We  are  not  aware  that  this  alloy  has  ever  been  employed. 

Emery  wheels  and  grinding  tools  for  the  lapidary  are  formed  of  an  alloy  of  anti- 
mony and  lead.  

Organ  pipes  are  sometimes  mode  of  lead  and  tin,  the  latter  metal  being  employed 
to  harden  the  lead.    The  pipes,  howerer,  of  the  great  organ  in  the  Town  ^11  a 
Birmingham  are  ^ndpally  made  of  sheet  zinc 

Lead  and  arsemc  form  shot-metal.  The  usual  proportions  are  said  to  be  401bs.  of 
metallic  arsemc  to  one  ton  of  lead. 

In  addition  to  these,  the  alloys  of  iron  appear  of  suffident  importance  to  require 
some  Airther  notice. 

Ibok  and  Manoakbsb.  Mr.  Mushet  condudes,  from  his  experiments,  that  the 
maximum  combinations  of  maufianeee  and  iron  is  40  of  the  farmer  to  100  of  the 
latter.    The  alloy  71*4  of  tin  and  28*6  of  man^nese  is  indifferent  to  Uie  magnet 

Lu>K  and  Siltbb  ;  Stskl  and  Siltbr,— -Various  experiments  have  been  made 
upon  aUoys  of  iron  and  steel  with  other  metals.  The  only  alloys  to  which  suffident 
importance  has  been  given  are  those  of  iron  and  silver  and  steel  and  silver.  M. 
Guyton  states,  in  the  *  Annales  de  Chimie,'  that  he  found  iron  to  alloy  with  silver  in 
greater  quantity  than  the  silver  with  the  iron.  'Lpon  can/ he  says,  'therefore  no 
longer  be  said  to  refiise  to  mix  with  silver ;  it  must,  on  the  contrary,  be  acknowledged 
that  those  two  metals,  brought  into  perfect  fusion,  contract  an  actual  chemical  union ; 
that,  idiilst  cooling,  the  heaviest  metal  Beparatesfor  the  greatest  part ;  that  notwith- 
standing each  of  the  two  metals  retains  a  portion  of  the  other,  as  is  the  ease  in  every 
liquation,  that  the  part  that  remains  is  not  simply  mixed  or  interlaid,  but  chemically 
united;  lastly,  that  the  alloy  in  these  proportions  possesses  peculiar  properties, 
particolarly  a  degree  of  hardness  that  may  render  it  extremely  useful  for  various 
pmoses.' 

The  experiments  of  Faraday  and  Stodort  on  the  alloys, of  iron  and  spwl  are  of  great 
value ;  the  most  interesting  bmng  the  alloy  with  silver.  The  words  of  these  experi- 
mentalists are  quoted : — 

'In  making  the  silver  alloys,  the  proportion  first  tried  was  1  silver  to  160  steel ; 
the  resulting  buttons  were  uniformly  steel  and  silver  in  fibres,  the  silver  bdng  like- 
wise given  out  in  Mobules  during  solidifying,  and  adhering  to  the  surface  of  theftised 
button ;  some  of  these,  when  forged,  gave  out  more  globules  of  silver.  In  this  state 
of  mechanical  mixture  the  little  bars,  when  exposed  to  a  damp  atmosphere,  evidently 
produced  voltaic  action ;  and  to  this  -#0  are  disposed  to  attribute  the  rapid  destruction 
of  the  metal  by  oxidation,  no  such  destructive  action  taking  place  when  the  two  metals 
are  chemically  combined.  These  results  indicated  the  necessity  of  diminishing  the 
quantity  at  suver,  and  1  silver  to  200  steel  was  tried.  Here,  again,  were  fibres  and 
globules  in  abundance ;  with  1  to  800  the  fibres  diminished,  but  still  were  present ; 
thev  were  detected  even  when  1  to  400  was  used.  The  successftil  experiment  remains 
to  be  named.  When  1  of  silver  to  600  steel  were  properly  fuseo,  a  very  perfect 
button  was  produced ;  no  silver  appeared  on  its  surface ;  when  forged  and  dissected 
by  an  add,  no  fibres  were  seen,  although  examined  by  a  high  magni^ng  power. 
The  specimen  forged  remarkably  well,  although  very  hara ;  it  had  in  every  respect  the 
most  favourable  appearance.  By  a  delicate  test  every  part  of  the  bar  gave  silver. 
This  aXLay  is  deadedly  superior  to  the  very  best  steel ;  and  this  excellence  is  un- 
questionably owing  to  a  combination  with  a  minute  quantity  of  silver.    It  has  been 
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fvpetAo^y^jmde,  and  alvsy^  yrith  equal  succoss.'  Various,  cutting  tools  have  been 
made  ftom  it  of  the  best  quality^  This  alloy  is,  perhaps^  only  inferior  to  that  ai  steel 
aikd  rhodiujn,  and  it  may  be  |troouied  at  small  expense;  the  yalue  of  silver,  wh^re 
the  proportioD  is  so  small»  is  not  irorth  naming ;  it  ^riU.  probably  be  applied  to  many 
imnortant  porposei  in  the  arts.' 

Mesars,  Ect^day  and  Stodart  show  from  -their  research^  that  not  only  silrer,  but 
{)lataninn»  zhodium,'  gold,,  nsdcel,  copper,  and  eyen  tin,  .haye  an  aj&nity  for  st^l  sufll- 
dently  strong  to  nuS»  wem.  combine  ^emically.         .       . 

iBCMf  and  iTiCKBL  unite  in  all  proportions,  producing  soft  and  tenacious  alloys. 
Some  few  years  sinae,  Mr.  Nasmytk  draw  attention  to  the  combination  of  silicon  with 
steeL  Fresh  interest  has  been  excited  'in  this  direction  4>y  the  inyestigations  of  a 
French  chemist*  IC  St-  Cbiire  BeyiUe,*  who<  has  examined,  many  of  the  dloys  ai 
silicon.    For  other  alloys  of  iron,  see  Ibok.   • 

Iboic  and  Szuook  combine  to  fotte  an  aUoyr  which  is  a  sort  of  fusible  steel  in  which 
carbon  is  r^laeed  by  siUccm.  *  Th&  silidurets^are  all  of  them -quite  homogeneous,  and 
are  not  capable  of  being<sepaiated  bj  liquation.- 

OoFFBB  and  Silicon  united  in  ranous  projportions,  according  to  the  same  chemist. 
A  yezy  haid,  brittle,  and  .white  alloy,  containing  12  .per  cent,  of  silicon,  is  obtained 
by  melting  together  three  parts  silica-fluoride  of  potassium^  one  part  sodium,  and  one 
part  of  60i>perr  at  such,  a  temperature  that  the  fused  mass  xemains  coyered  with  a  yery 
uouid  scoria,  ^e  copper  takes  up  the  whole  of  the  silicon,,  and  remains  as  a  white 
substance  less  Aisible  than  silicon,. which  may  aerye  as  a  base  for  other. alloys.  An 
jfcUoy  with  5  pcff.tsent.  silicon  haa  a.beautiAil  bronze  colour,  and  will  probably  leoeiye 
important  applications. 

'  Hr.'Oxland  and  1&.  Tmzan  MaVe  fpyen,  in  *  Metals  and  their  Allojrs,'  the  fbllow- 
ing  uaeAd  tabular  yiawof  the  compoaition  of  the  alloys  of  oo^per.  In  addition  to 
iboae  gxyen,^  the  alloy  of  copper  eaid  aluminium  is  now  most  important.  See  Ati^ 
xonuic  Bbqhzb. 

The  prinaipal  alloys  of  copper  with  other  metals  are  as  follows :— 


'   •- 

Oopper 

Tin 

Kkkel 

Antii"ony 

Lead    ' 

*  ABtSqi»bronieswoid    • 

87000 

»•.' 

18,000 

'      „      springs       ;    '    .. 

97-000 

i.v 

8,000 

•>BvoiiBaf(»^tQes    i'  c. 

Bl400 

6'680 

^  1-700 

*•.!»».     '• 

»..  • 

1-870. 

„     formedahi    . 

90-000 

... 

10000 

90-000 

.«• 

10-006^ 

^     ibr^bais*  -'  ^ 

-i^'om 

-    «.. 

22-000 

-•■•-.,■  for  gilding    .       V 

.82*267 

17^1 

(K-238 

..tf      '■ 

••« 

0*024 

»»     .  ,       »»  .      •   ,    • 

80000 

.  l«-^00 

2*600 

•••. 

■ ... 

1-000 

66«000' 

-    cVk 

88*000 

.Brass  for  sheet         .        r 

8i-700 

16-800 

7«-7aa 

27-270 

•     1  •  •  . 

,          . 

Pinchbeck 

80-200 

20-000 

Prince's  metal  . 

76000 

26-000 

tf   '      •»     •        •        • 

60-000 

60^000 

Dutch  metal     .        . 

84*700 

16-800 

English  wire.    .        . 

70-29a 

29-260 

0*17 

... 

... 

0-28 

Mosaic  gold      . 

66-000 

88000 

Gun  metal  for   bearings, 

stocks,  &c    . 

90-200 

9-670 

0-08 

Mnnts's  metal  . 

60-000 

40-000 

' 

Good  yellow  brass    . 

66000 

88-000 

Babbitts  metal  for  bushing 

8-800 

... 

88-00 

•  •• 

8*8 

Ben  metal  for  large  bells. 

80-000 

... 

20-00 

1-000 

2-00 

81*00 

... 

16^00 

Kiekel  silyer,  EngUsh 

60-000 

17-8 

••• 

22*2 

„         „      Parisian      . 

60-000 

18-6 

... 

19*8 

Gcneman  silyer  . 

60-000 

26-0. 

26-0 

Some  valuable  reseavches  on  the  nature  of  allo^  were  undertaken  by  the  late 
})r*  Matthiessqn,  the  results  of  which  are  embodied  in  his  *  B^port  on  the  Chemical 
Ifatuie  of  AJli^  *  (Beport  of  ike  Britiah  Auooiaiion  far  the  Advanoemeni  of  Science^ 
|$68iL'Pb  87)r.mpa.  ti|:  a  ..disco|i?Be  *  On  AUoys '  deliyered  bci<^  tha  Ghemical  Sodetryi 
{J(nirM of  ike€fhem,8oc,,lM7,  ^.201).  ....  „ , 
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AUbOTf  ITATIVB.    Osndum  and  Iridium,  in  tho  proportionf  of  72*9  of  the 
former  and  24*6  of  the  latter.    Sim  Osmux,  Ibidixtic 

PlOXi    Pimento,  or  Jamaica  pepper,  so  called  because  its  flaTOur  it  thought 


tp  oooi|Krehend  the  flayour  of  eimiamon,  doves,  and  nutmegs.    The  tree  producing 
this  spice  (Eugenia  pimenta)  is  cultivated  in  Jamaica  in  vhs  "      ^' 


spice  (Euaenia,  pimenta)  is  cultivated  in  Jamaica  in  -what  are  called  Pimento 
"walks.  It  is  uuporfced  in  bags,  almost  entirelj  tram  liMnaica.  Mr.  Mont^pomery 
Martin  informs  us  that  pimento  was  exported  in  one  year  (1887)  i^wn  the  different 
districts  of  Jamaica  as  ibUows,    (See  ratrntno,  Tesvmb,) 

Kingston  and  Old  Harbour 6,027  bags, 

Morant  Ba J  and  Port  Morant 141  „ 

Port 4Jitonio  .        .        .      .»       ^       •        •        •  1,259  „ 

Port  Marva  and  Annotto  Bay .        ,        •        •        •  3,194    „ 

Falmouth,  Bio  Bneno»  and  8U  Ann's  Bay       *        •  28,188  „ 

MontegoBayandLuoca         .        •       .        •        •  3^106  „ 

Say-k-Mar  and  Black  Biver 9.622  .. 

AUbUVIUM.  (AUito,  to  wash  upoo;  or  aUmifio,  an  inundation.)  Earth,  sand, 
gravel,  stones,  and  other  tianspocted  matter  mrbatk  has  been  wttmd  away,  and 
thrown  down— by  rivers,  floods,  or  other  eouset— upon  land  not  fermanmUlif  sub- 
merged beneath  the  waten  of  lakes  or  seas.*— Z^etf. 

AUbT&,  G**  H>*  (O'S*').  This  mdical  exists  in  the  oils  of  mnstasd  and  garlic, 
but  is  usually  obtained  by  the  decomposition  of  die  iodide  of  allyl,  which  is  obtained 
by  acting  on  glycerine  with  iodine  and  phosphoras. 

ftlilifX,  SUXraniB  or.  This  compound  is  joontained  In  the  essential  oils 
tproduced  by  distilling  with  water  the  leaves  and  seeds  of  various  plants  of  the 
iiliaoeous  aiid  cruciferous  orders.  It  forms  the  ^ndpal  constituent  of  the  oil 
obtained  from  the  bulbs  ofgarlic  {AUium  0^\  It  is  also  found  with  ml  of  mustard 
in  the  leaves  and  seed  of  T&upt  anMNMt.  The  JiUaria  offioinalie  distilled  yields  90 
per  cent  of  oil  of  mustard  and  10  per  cent  of  oil  of  garlic ;  small  quantities  ar^  also 
obtained  from  the  Shephrad's  purse,  CapeeUa  Bursa  pastorie,  and  other  plants.  The 
power  of  the  sulphide  of  AJlyl  to  precipitate  some  of  tne  metals  appears  likely  to  render 
it  of  use  in  the  arts.    The  following  are  some  of  the  more  important : — 

Gold  preoipitaie,  a  beautiM  vellow,  apd  fUms  of  gdd.  Ilatmum  ffeoipiiate^  a 
yellowish-brown  precipitate,  which  forms  a  Kermse  brawn  with  hvdrosulphide  of 
ammomjaa.  Jlilver  pf'yfc^oitaie,  a  dari^  brown,  becoming  eyentually  sulphide  of 
silver.  

JLUbTXJUOXSraL    See  AcBVLiimiB. 

ATiMAOB  ■MITJ.  An  anhydrous  sulj^hate  of  sine,  de^bed  by  Breil^upt 
It  occurs  in  crystals  ^ebnging  to  the  rlM>inbic  system,  ajb  the  .Bananoa  Jarosa  Mine^ 
In  the  Siena  Almagreyiy,  in  Smithem  Spaiiu  . 

A  TiM  II  WPnni,  or  iron-alimina-gamet  is  a  silicate,  of  a}umina  and  iron,  com- 
bined in  the  following  proportions :  siBoa  86*8,  alumina  90*66,.  protoxide  <^  iron  48*2. 

It  occurs  in  Greenland,  Oeylon,  and  the  Braiili ;  when.cut  ^jnd  pglished,  it  forms  a 
beautiful  gem. 

The  name  is  probably  derived  ^m  the  Alabandio  carbuncles  of  pliny,  which  were 
cut  and  polished  at  Alabanda.  Several  localities  for  samets.  in  DqvonslMre  and  Ck>mwaU 
jire  given  by  Mr.  Collins  in  his  excellent  'Handbook  to  th^  Mii^eralogy '  of  these 
counties ;  b^t  it  ia  do^l^tful  if  the  specimens  found  in  CornwaU  are  (rue  almandine — 
therefore  those  localities  are  given  under  Garnet    See  Gabnbt, 

AIiMOMII.  {4numdet  Fr. ;  Mandel,  Ger. ;  Amyadalui  commtunie.)  Be  Gandollo 
admits  five  varieties  of  this  species.  A,  amara^  bitter  almpnd ; ,  A^  duloie^  sweet 
almond ;  A.  fragiUsy  tender-shelled  almond ;  A,  nuMcroci^rpa^  .laigQ-ftuited  almond ; 
A.  persicoides,  peach  almond.  There  are  two  kinds  of  almond  usually  employed, 
which  do  not  dWer  in.chemicid  eompositiop,  only  that  the  bitter,  by  a  curious  chenucal 
reaction  of  its  constituents,  generates  in  the  act  of  distillation  a  quantity  of  volatile 
oil  which  contaiiis  hy^joqranio  acid.  Vogel  obtained  f^m  bitter  almonds  8*5  per 
cent  of  husks.  After  pounding  the  kernels,  and  heating  .them  to  coagulate  the  albu- 
men, he  procured,  by  ezprossiou,  .28  porta  of  an  unctuous  oil,  which  did  not  contain 
the  smallest  partido  of  Aydrocyanic  acid.  The  whole  of  the  oi^  could  not  be  extracted 
in  this  way.  The  expressed  mass,  treated  with  boiling  water,  aflbrded  sugar  and  gum, 
and,  in  consequence  of  the  heat  some  of  that  acid.  The  sugar  constitutes  6*6  per 
cent  and  the  gum  8.  The  vsgetable  albumen  extracted,  by  means  of  caustic  potash, 
amounted  to  80  parts :  the  vegetable  fibre  to  only  6.  The  pmsonous  arooiatie  oil, 
aceording  to  Robiquet  and  Bontron-Gharlaxd,  does  not  exist  ready-formed  in  the  bitter 
almond,  but  seeraa  to  be  produced  under  the  influence  of  ebullition  with  water.  TImm 
chemists  have  shown— 
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1^  That  noithor  bitter  almoncU  nor  their  rosidnaiy  eake  yield  aoj  volatile  oil  by 
pressure. 

2iid.  They  yield  no  oil  vhen  digested  in  alcohol  or  in  ether,  thon^  the  Tolatile  oil 
is  soluble  in  both  these  liquids. 

3id.  Alcohol  extracts  from  bitter-almond  cake,  sugar,  resin,  and  ttmygdalin;  ▼hen 
the  latter  substance  has  been  remoTed,  the  cake  is  no  longer  capable  of  famishing  the 
volattle  oil  by  distillation. 

4th.  Ether  extracts  no  amygdalin,  and  the  cake  left,  after  digestion  in  ether,  yields 
tho  Tolatilo  oil  by  distallation  inth  water;  but  alcohol  dissobes  out  a  peculiar  ▼hite 
crystalline  body,  vithout  smell,  of  a  sweetish  taste  ^t  first,  and  afterwards  bitter,  to 
which  the^  gare  the  name  of  am^Mdaliu^  This  substance  does  not  seem  oonTcrtible 
into  ToUtile  oiL — ^ereira.    See  Watts's  *  Dictionary  of  Chemistry.' 

Sweet  almonds,  by  the  analysis  of  BouUay,  consist  of  54  parts  of  the  bland  almond 
oil,  6  of  uncrystallisable  sugar,  3  of  gum,  24  of  Tegetable  albumen,  24  of  woody  fibre, 
5  of  husks,  3'5  of  water,  0*5  of  acetic  add,  including  loss.  We  thus  see  that  sweet 
Almonds  contain  nearly  twice  as  much  oil  as  bitter  almonds  do. 

Three  varioties  are  known  in  commerce. 

1.  Jordan  Jlmond»t  which  are  the  finest,  come  f^om  Malaga.  Of  these  there  are 
two  kinds :  the  one  above  an  inch  in  length,  fiat,  with  a  dear  brown  entide,  sweet, 
mudlaginotts,  and  rather  tough ;  the  other  m<»e  plump  and  pointed  atone  end,  brittle, 
but  equally  sweet  with  the  former. 

2.  ralmtia  almonds  are  about  three-eighths  of  an  inch  broad,  not  quite  an  inch 
long,  round  at  one  end,  and  obtusdy  pointed  at  the  other,  fiat,  of  a  dingy  brown  colour 
and  dusty  cuticle. 

3.  Barbarw  and  ItaXian  almoudi  resemble  the  latter,  but  are  generally  smaller  and 
less  fiattenod. — Brande^  DieHonary  ofFkarmaey. 

Our  impwtatum  and  $spartatian  of  Axjcoims  in  1871  vere  as  follows  i-^ 

Ikfobts,  ;•  1871. 


Cooatiies  from  which  imported 

Qosnti^ 

Yslue 

France ^ 

Portugal  and  Aiores     .        .        •        • 
Spain  and  Canary  Ishuids     . 

Italy 

Austrian  Territories      •       .       .        . 

Morocco 

Qibialtar 

Other  Countries 

Total    .       /     . 

4,428 
5,156 

18,809 
7,943 
1,788 

88,984 

266 

1,075 

£ 

15,261 

15,882 

76,395 

26,564 

7,932 

92,279 

550 

3.210 

72,899 

238,078 

ExroBTs, 


Oonatrfas  to  whiob  exported 

Onsattiy 

Value 

Russia 

Oennany 

Holland 

Bdgium 

Other  Countries    i       .       .       .       . 

Total    .       •       . 

Owti. 
5.594 
10.821 
4,848 
1,609 
5.820 

£ 
16.489 
36.429 
14.806 
4.645 
19,717 

28,692 

92.086 

OUtflnUerakmmdi*  ISitmHaltUi^Uttn'iUmotuU. 
(Oleum  Jiajfadalm  Amarw,) 

After  the  fixed  oil  has  been  eniressed  frcua  the  bitter  almonds,  the  residual  cake 
is  mixed  with  water  and  distilled.  A  vohitile  oil  comes  over.  It  has  been  oon- 
Tindngly  pcoved  that  this  fine-fiavoored  essential  oil  is  produced  during  the  process, 
ly  some  decomposition  of  the  amygdalin  anc^  the  emulsion  of  the  seeds.    It  is  highly 
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pmfonoua,  owing  to  tho  presence  of  hydrocyauio  add.  Soe  Be2(zoic  Acid, 
Bezizolb,  &c 

A3tMOVl>  6nb«  BWMM^.  A  bland  fixed  oil,  obtained  by  expression  from 
bitter  or  sweet  almonds — ^usually  from  the  former,  on  account  of  their  cheapness  as 
well  as  the  greater  valae  of  the  residual  cake.  The  average  produce  is  from  48  to 
52  lbs.  from  1  cwt  of  Amends. 

This  is  commonly  Imown  m  Oil  qf  iweet  ahnonds^  the  OUwn  JmygdaUB  of  the 
PharmacbpoBia.  "Wlien  first  obtained  it  is  opaque,  and  of  a  yellow  colour ;  but  it 
speedily  becomes  quite  transparent,  and  is  bleached  by  exposure  to  li^t.  This  oil 
has  a  bland  taste,  and  does  not  congeal  at  a  temperature  which  solidifies  oUve-ml. 
It  is  often  sold  for  nut-oil,  which  is  supposed  to  possess  this  property  of  remaining 
fiuid  in  an  eminent  degree. 

AUtfOVl>  9QlWVmaL  (/anna  amj/gdala)  is  the  ground  almond  cake  after  the 
oil  has  been  expressed ;  it  is  employed  for  washing  the  ^nds,  and  it  is  used  by  chemists 
as  a  lute  to  connect  the  parts  of  their  distillatory  apparatus  together. 

A&oa*  (Alo^f  Er.;  Jlce^  Ger.)  In  bq^ny  a  genus  of  the  order  LUiaettt, 
There  are  many  species,  all  natives  of  warm  climates. 

In  Africa  the  leaves  of  the  Guinea  aloe  are  made  into  durablexopes.  Of  one  species 
are  made  lines,  bowstrings,  stoddngs,  and  hammocks ;  the  loaves  of  another  spedos 
are  used  to  hold  rain*water.  A  series  of  trials  has  been  made,  within  a  fbw  years,  in 
Paris,  to  ascertain  the  comparative  strength  of  cables  made  of  hemp  and  of  the  aloe 
from  Algiers ;  and  thev  are  said  to  have  all  turned  to  the  advantage  of  the  aloe.  Of 
cables  ^  equal  sise,  that  made  of  aloe  raised  a  weight  of  2,000  kilogrammes  (2 
tons  nearM,  that  made  of  hemp  a  weight  of  only  400  lolognimmes.  The  fibre  of  the 
aloe  IS  used  extensively  in  Bel^um  for  the  ropes  used  for  winding  the  coal  from  the 
very  deep  coal-pits  of  Gharleroi.  The  Belgium  engineers  state  that  they  could  not 
raise  the  coal  with  equal  fiioilihr  and.  safety  irith  any  other  kind  of  rope. 

The  following  varieties  of  the  inspissated  juices  of  the  Aloe-— called  Aiobs,  and 
often  BrrTBB  j^ss — are  known  in  comn^erce :  Sowtrine,  Hepatic,  Barbadoea,  Cape, 
Mocha,  Catalline,  and  Indian,  The  Socotrine  Aloes  are  regarded  as  the  best  kind, 
but  that  from  Barbadoes  is  the  most  abundant,  and  much  <n  it  is  sold  as  Socotrine. 
The  Barbadoes  Aloes  are  imported  from  Barbadoes  or  Jamaica,  usually  hi  gourds 
weighing  from  00  to  70  poond^  but  sometimes  in  boxes  holding  about  half  a  hundred* 
.weight 

It  is  believed  that  Socotrine  aloes  are  obtdned  from  Jloe  Soootrina,  Barbadoes  aloes 
Arom  A.  wdgarii.  Cape  aloes  firom  A,  apioata  and  its  allies,  and  Indian  aloes  from  A, 
*Indica;  but  the  bota^cal  source  of  some  of  the  commercial  varieties  of  aloes  is  not 
definitely  known. 

A  patent  was  taken  (January  27>  1847)  f6r  certain  applicationiB  of  aloes  to  dyeing. 
Althou^  it  has  not  been  em]^o^ed,  the  colouring  matter  so  obtained  promising  to  1^ 
very  permanent  and  Jntense,  it  la  thought  advisable  to*  describe  the  process  by  which 
^,it  was  proposed  to  pijepare  the  dye.    It  is  aiiB  foUbws  :-^      '        * 

Into  a  boiler  or  vessel  capable  of  holding  about  100  gallons,  the  patentee  puts  10 
gallons  of  water,  and*  132  lbs.  of  aloes,  and  heats  ^he  same  until  the  aloes  are  dissolved ; 
he  then  adds  80  lbs.  of  nitric  or  nitrous  add  in  small  proportions  at  a  time,  to  pre- 
vent the  disengagement  of  such  a  quantity  of  nitrous  ^  as  would  throw  part  of  the 
contents  out  of  the  boiler.  When  the  whole  of  the  acid  has  been  introduced,  and  the 
disengagement  of  gas  has  ceased,  10  lbs.  of  liquid  caustic  soda,  or  potash  of  commerce, 
!of  about  30^,  are  added  to  neutralise  any  undecomposed  acid  remaining  in  the  mix- 
'ture,  and  to'fiunlitate  the  use  of  the  mixture  in  dyeing  and  printing.  If  the  colouring 
matter  is  required  to  be  in  a  dry  state,  the  mixture  may  be  incorporated  with  100  lbs. 
of  china-day,  and  dried  in  stoves,  or  by  means  of  a  current  of  air.  The  colouring 
matter  is  used  in  dvdng  by  dissolving  a  suffident  quantity  of  water,  according  to  the 
shade  required,  ana  adding  as  mudi  hydrochloric'add  or  tiutar  of  commerce  as  will 
neutralise  the  alkali  contained  in  the  mixtnfo,  and  leave  the  dye-bath  slightly  addu- 
lated.  The  artides  to  be  dyed  arc  introduced  into  the  bath,  which  is  kept  boiling 
until  the  desired  shade  is  obtained. 

When  the  colouring  matter  is  to  be  used  in  printing,  a  suffident  quantity  is  to  be 
dissolved  in  water,  according  to  the  shade  required  to  be  produced ;  this  solution  is  to 
be  thickened  with  gum,  or  other  common  thickening  agent,  and  hydrochloric  add,  or 
tartar  of  commerce,  or  any  other  suitable  supersalt,  is  to  be  added  thereto.  After  the 
fiibrics  have  been  printed  with. the  colouring  matter,. they  should  be  subjected  to  the 
ordinary  process  of  steaming,  to  fix  the  colour.— Aa^.    . 

•  Aiomo  Acm.  The  colouring  matter  of  the  aloes  depends  on  this  add,  whidi  has 
been  ^^xamined  by  Sdiunck  and  Mulder.  Aloetic  add  is  deposited  from  nitric  add, 
which  has  been  heated  with  aloes,  as  a  yellow  powder :  it  dibsolves  in  ammonia  with 

#  violet  colour;  when  treated  with  prOtochloride  of  tin  it  forms  a  dark-violet  heavy 
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powdcor;  and  this  again,  wIiod  treated  with  potash,  erolyes  ammonia,  tod  assnmos  a 
riolet-blue  coloiir.    This  solution  of  aloetie  add  in  ammonia  is  Tiokt 

AliVAOA.  {Mpaga,  Er.^  An  animal  of  Pern,  of  the  liama  species ;  also  the 
name  given  to  a  wooUen  libnc  woven  from  the  wool  of  this  animal,  or  a  mixture  of 
silkj  goat*s  hair  with  the  harsher  fibre  of  sheep*8  wooL    See  Llama. 

JkUiTMRTB.  A  double  carbonate  of  lime  and  bairta,  crystallising  in  tlio 
prismatic  or  orthorhombic  system.  It  occurs  at  Fallowfield,  near  Heumm,  in- 
Korthumberland ;  and  at  Bromley  Hill,  near  Alston,  in  Cumberland. 

AXlFlMa.  The  aludels  of  the  earlier  chemists  were  a  series  of  pear-shaped  pots, 
generally  made  of  earthenware,  but  sometimes  of  glass,  Ojpen  at  both  ends.  Each 
aludel  had  a  short  neck  at  top  and  bottom,  so  that  a  senes  of  them  could  be  fitted 
together,  by  means  of  the  neck,  in  succession.  The  earthenware  pear-shaped  yessels 
in  which  the  mercurial  Tapours  are  condensed,  at  Almaden,  in  Spain,  are  also  known- 
as  aludels.    See  Mbbcubt. 

JkXUWU  {Altm,  "Fr.;  Alaun,  Gar.)  A  saline  body  or  salt,  consisting  of  alumina, 
or  the  peculiar  earth  of  clay,  united  with  sulphuric  add,  and  these  again  united 
with  sulphate  of  potash  or  df  ammonia.  In  <^her  words,  it  is  a  double  salt,  con^ 
sisting  of  sulphate  <^  alumina  and  sulphate  of  potash,  or  sulphate  of  alumina  and 
sulphate  of  ammonia.  The  common  alum  oyslallises  in  octahedrons,  but  there  is  a 
kind  which  takes  the  form  of  cubes.  It  has  a  sour  or  rather  subadd  taste,  and  is 
peculiarly  astringent  It  reddens  the  blue  colour  of  litmus  or  red  cabbage,  and  acts 
like  an  add  on  many  substances.  Other  alkalis  may  take  the  place  of  the  ammonia 
or  potash,  and  other  metals  that  of  the  aluminium. 

Alum  was  Imown  to  the  andents,  who  used  it  in  modidne,  as  it  is  now  used,  and 
also  as  a  mordant  in  dyeing  and  calico-printing,  as  at  the  present  day.  Old  historians 
do  not  describe  correctly,  either  the  noode  of  obtaining  it  or  its  exact  characteristics,. 
80  that  it  is  confounded  with  sulii^to  of  iron,  with  "^ch  it  seems  generally  to  hare- 
been  mixed.  But  t^t  some  quslitaes  were  made  with  very  little  iron  in  it,  is  dear 
from  the  £Mst  that  it  was  employed  when  white  fdr  dydng  bright  colours.  (PUny, 
xxxy.  15.)  It  is  said  by  Pliny  that  the  purchasers  tested  it  with  tannin  (pomegranate 
juice),  in  order  to  see  if  it  blackened.  He  says  that  the  white  kind  blackened  as  well 
as  the  black ;  but  in  all  probability  this  was  a  test  applied  by  the  dyers  to  see  whidi 
blackened  least,  so  as  to  obtain  a  good  mordant  for  reJs.  Phny's  description,, 
although  confused,  ^eayes  this  &ct  prafectly  dear— t^t  there  were  men  in  whose 
minds  the  knowledge  was  much  dearer  than  in  his,  or  a  manufacture  of  such  magni- 
tude could  not  haye  existed.  There  is  mention  of  some  bdng  made  from  stone,  and 
erystellising  in  fine  haiis,  but  the  characteristics  giyen  6o  not  enable  us  to  dedde: 
that  this  was  dther  alum  or  the  peculiar  sulphate  (xf  alumina  which  takes  that  fornix 
The  alum  was  sometimes  boiled  down  to  dryness,  and  heated  till  it  was  spongy  or: 
like  pomice-stone.    It  was  used  as  burnt  alum. 

The  andento  used  it  also  for  preyenting  the  combustibility  of  wood  and  wooden 
buil<Ungs.  But  altJiongh  the  knowledge  of  it  was  yery  accurate,  thdr  writers  always 
imagine  that  sulphate  of  iron  was  a  kind  of  alum,  because  it  is  said  that  the  black  alum 
was  used  for  dyeing  daric  colours.  They  used  iron  as  a  mordant,  and  found  its  chuacter 
by  galls  or  br  pomegranate  juice,  which  contains  tannin.  Their  alum  was  chiefiy  a 
pat^ial  production,  and  they  remoyed  the  fine  effloresdng  crystels  which  first 
appeared,  or  which  gradually  are  raised  above  the  rest,  as  the  finest  kind.  *  It  was 
TOoduced  in  Spain,  E^ypt,  Armenia,  Macedonia,  Pontus,  and  Africa;  the  islands 
Sardinia,  Melos,  lipan,  and  StrombolL  The  best  was  got  in  Egypt,  the  next  in 
Melos.'  The  word  is  probably  l^gnmtian,  as  it  was  best  and  most  abundantly 
obtained  in  iSgypt.  It  is  not  TOobabfe  that  it  was  the  double  salt  in  all  cases,  but 
simply  a  sulphate  of  alumina.  Pliny,  indeed,  says  that  a  substence  called  in  Greek 
dypd,  or  watoiy,  joobably  from  its  yeiy  soluble  nature,  and  which  was  milk-white, 
was  used  for  dyeing  wool  of  bright  colours.  '  This  may  haye  been  the  mountatJ^ 
butter  of  the  Geman  mineralogisto,  which  is  a  native  sulphate  of  alumina,  iron,  &c,  of  a 
soft  texture,  waxy  lustre,  and  unctuous  to  the  touch.  The  iiypUria  of  Dioscorides 
and  the  (dumen  of  Pliny  comprehended,  no  doubts  a  variety  of  saline  substance^ 
besides  sulphate  of  iron  and  alum. 

It  seems  to  have  come  to  Europe  in  later  times  as  alwn  of  Focea,  the  name  of 
Edessa,  or  that  place  where  the  Itelians  first  learnt  the  art;  but  it  is  not  imposdble 
that  this  name  was  an  Itelian  prefix,  which  has  remained  to  this  day  under  the  form 
of  Eock  alnm,  AUunu  di  rocca.  The  East  has  always  had  some  manufactures 
of  it,  and  Phocis,  Lesbos,  and  other  places,  were  able  to  supply  the  Turks  wiUi 
alum  for  their  magnificent  Turiiey  red.  It  was  also  made  at  Foya  Nova,  near 
Smyrna,  and  at  Constentinople.  The  Genoese  and  other  trading  people  of  Itely 
imported  alum  into  Western  Europe  for  the  use  of  the  dyeiis  cd  red  doth. 

A  Genoese  meichant»  Bartholomew  Perdix,  who  had  been  in  Syria,  observed  a 
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itone  Bnitable  for  alum  in  the  Island  liohia ;  ho  burnt  it,  and  obtained  a  good  result^ 
being  the  first  who  Introduced  the  manufaotore  into  Europe.  This  -was  in  the  year 
1450 ;  about  the  same  time  John  di  Castvo  learnt  the  method  at  Constantinoplo,  and 
manufactured  alum  at  Tolfo,  This  discoyevy  of  the  mineral  near  Ciyita  Vecchia  neas 
considered  so  important  by  John  di  Castro,  that  he  announced  it  to  the  Pope  as  a 
great  Tictory  over  the  Turks,  who  annually  took  from  the  Christians  300,000  pieces 
of  gold  for  tiieir  dyed  wool.  A  statno  was  erected  to  the  *  Discoverer  of  Alum.' — 
Beekman, 

The  manu&otnre  of  alum  was  then  made  a  monopoly  of  the  Papal  Powers,  and 
instead  of  buying  it  as  before  from  the  £ast»  it  was  oonsidered  Christian  to  obtain  it 
only  from  the  States  of  the  Church,  and,  as  such,  was  made  compulsory  in  the  West 
The  manufacture  then  went  to  Spain,  to  a  spot  near.  Carthagena.  Germany  began 
so  early  as  1664  to  make  alum,  although  Basil  Valentine  seems  to  have  known  of  its 
existence  there  somewhat  sooner.  The  first  establishment  known  was  at  Oberkauf- 
ungen  in  Hesse-Cassel,  where  it  still  exists.  It  was  not  introduced  as  a  mamtfacture 
into  England  until  the  year  1600,  when  Sir  Thomas  Chaloner,  the  son  of  Queen 
KliiabeUi's  minister  of  that  name,  found  that  his  own  estate  of  Quisborough,  in 
Yoriuhire,  contained  alum.  This  he  is  said  first  to  have  observed  from  the 
vegetation,  which  had  a  very  weak  green.  Di  Castro  had  first  been  led  to  it 
by  the  appearance  of  the  holly,  but  nciuier  can  be  said  to  be  decisive  tests  of  its 
presence,  nor  are  the  geological  features  of  Tdfo  and  Gnisborough  at  all  alike.  The 
violent  denunciations  of  the  Pope  did  not  prevent  the  manufacture  from  growing  to 
unexpected  magnitude  in  England^  .  The  mines  of  the  same  district  have  ever  since 
sent  out  alum,  which  is  now  known  as  Whitby  alum,  and  even  those  at  Quisborough 
itself  are  now  at  work,  although  for  seventy  years  of  the  period  since  their  discovery 
they  were  disused.  The  manufacture  was  begun  at  Hurlet,  in  Scotland,  by  Nicholson 
and  Lightbody,  in  1766,  abandoned,  and  resumed  by  Macintosh  and  Wilson  in  1797. 

^e  chemical  composition  of  alum  varies  with  the  nature  of  the  bases  present^  but 
all  alums  are  constructed  on  a  common  type,  expressed  by  the  general  formula 
MO.  S0>.  MH)*.  SSO*  +  24HO.  They  are,  therefore,  double  sulphates,  containingboth 
a  protoxide  and  a  sesquioxide,  combined  with  a  constant  number  of  molecules  of  water. 
The  protoxide  is  fl;enerally  an  alkali-*usually  potash  or  ammonia — ^but  other  alums 
are  known,  though  at  present  of  no  importance  in  the  arts,  in  which  the  metal  of  the 
protoxide  is  silver,  thallium,  cnsium,  or  rubi^um.  On  the  other  hand,  the  sesqui- 
oxide, thou^^  generally  alumina,  may  take  the  fonn  of  sesquioxide  of  iron,  of 
manganese,  or  of  chromium.  It  is  desirable  to  exhibit  this  relation  between  some  of 
the  more  important  alums ;  and,  as  the  formuke  representing  these  double  salts  are 
somewhat  complex,  it  may  be  useAd  to  compare  their  symbolie  expressions  con- 
stm^led  with  lK>th  the  old  and  the  new  atomic  weights :— ' 


.JPotashalum  • 
Soda  alum 
Ammonia  alum 
Iron  alum 
Chrome  alum . 
Manganese  alum     . 

Oldformnls 

Kew  HonniiliB 

KO.SO.»A1«0».3SO«+  24HO 
NaO.SO«JU«0«.3SO« + 24HO 
NH<O.SO>.  A1«0».8S0»  +  24HO 
K0.S0» Je«O«.8S0» + 24H0 
KOJ30>.Cr»0«.8SO«  +  24HO 
K0.S0».Mn«0'.8S0«  +  24HO 

iraAia(«o«)+&aB*o 

VH«Aia(80')  +  12R<0 
XFea(80«)-(-iaB<0 

xora(8o<)+iaB*o 

X]IKD^80*)4-iaB*0 

The  composition  of  pure  poiagh-^lum  may  be  represented  oentesimally  and  atom! 
oally  as  follows : — 

Per  Cent.  Percent. 


Sulphuric  add 
Water     . 


or<  Sulphate  of  alumina  •  86*21  „  1 
tWater      .        .  ■-  ■-       - 


46-48 


172 
216 


Its  specific  gravity  is  V724. 

100  parts  of  water  dissolve,  at  32  degrees  Fahrenheiti     3*29  alum 
»>                            »            60       „             „              9-62    „ 
t»                             n            86       ,t              M  .          22*01    „ 
>.                             »           122       „             ,,            80*92    „ 
.     H           168.     „             „            90*67    „ 
„           212       „              „          367-48    „ 
These  Tables  of  Poggiala  should  be  re-examined,  and  gradations  made  more  useftil 
tethis«mntiy.  
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Oae  pari  of  oTBtalliied  potash  alum  is  soluble— 

At   54  degrees  Fahrenheit  in  18*3  parts  of  water. 


70 

1      f> 

8-2 

77 

f       »» 

4-5 

100 

»      i» 

2-2 

122 

t      »t 

20 

145 

f       »» 

0-4 

187 

f      i» 

01 

189*5 

f      t» 

006 

.  A  solntaoo  saturated  at  48^  is  1*045  speeifie  ffOLvitj.    This  di£&renoe  in  the  rato 
flf  aohibiUty  in  hot  and  odld  water  renders  it  easily  separated  from  many  other  salts. 
the.  dTstals  are  permanent  in  tha  air,  or  nearly  so^  unless  the  air  be  Yerv  dry ;  if 
kept  at  180^  they  lose  18  atoms  of  water,  but  alum  deprived  of  its  water,  and  exposed 
to  Ilia  ait  of  summer,  took  up  18  atoms  in  47  days.    It  melts  at  a  low  temperature  in 
its  water  oCcrystallisation.    At  866^  it  loses  48*5  per  cent,  of  water,  or  28  atoms ;  the 
last  atom  is  onl^iost  when  ^racoaohing  red  heat.    At  a  red  heat  the  sulphate  of 
alumina  loses  its  add,  uad  the  alumina  seems  then  able  to  remove  some  acid  firom  the 
potash,  losing  it  again  by  hmL    Alum,  when  heated  with  common  salt,  acts  like 
sulphuric  aad,  and  gives  off  muriatic  aeid ;  the  same  with  chlorides  of  potassium  and 
ammonium.    If  boikd  with  a  saturated  solution  of  chloride  of  potassium,  hydrochloric 
add  is  formed  and  a  subsulphate  of  alumina  falls  down ;  this  occurs  only  to  a  small 
extent  irith  chkiide  of  sodium,  and  still  less  with  sal-ammoniac 
AmmimkhAImm,  which  is  now  very  extensively  prepared,  contains : — 
Ammonia       ......      8*75  per  cent. 

Alumina         .......     11*84       „ 

Sulphuric  add 85*29      „ 

Water 49*62      „ 

100*00 

This  salt  also  occurs  in  octahedrons,  and  can  only  be  known  from  potash-alum  by 
trial.  The  addition  of  caustic  lime,  soda,  or  potasn  gives  out  the  ammonia,  easily 
distiuflui^ied  by  the  smell.  Ammonia-alum  readily  loses  all  its  ammonia  when 
heated  and  the  sul(^uric  add  may  be  driven  off  from  the  remaining  sulphate  of 
alumina,  so  that  the  |mre  earth,  alumina,  will  remain. 

The  greater pc(q[K>rtion  of  the  alum  at  present  used  in  this  countrvis  amn^oaia-alum 
— an  abundant  and  convenient  source  of  ammonia  bdng  furnished  by  the  ammoniacal 
liquor  obtained  in  the  manufacture  of  coal-gas.  In  commerce  ammonia  apd  potash- 
alums  are  sometimes  found  mixed. 

Soda-aimm  is  not  an  article  of  oommeroe,  nor  is  it  used  in  the  arts.  Nevertheless, 
the  great  commercial  value  of  componiids  of  potash  or  of  ammonia  renders  it  oIh 
vionslv  denrable  to  replace  them,  if  possible,  by  the  cheaper  .compounds  of  soda.  The 
cost  of  sulphate  of  soda,  for  example,  is  trifling  compared  with  that  of  sulphate  of 
potash  or  of  ammonia^--the  latter  salts  bdng  espedally  in  demand  by  the  agriculturist 
as  fertilising  aoents.  Some  experiments  on  .the  formation  and  crystallisation  of  soda- 
alum  were  undertaken  a  few  years  ago  by  Hr.  J.  Carter  Bell.  Up  to  the  present 
time,  however,  there  apj^r  to  have  been  great  difficulties  in  the  manuiiMituro  of 
this  kind  of  alum,  especially  in  respect  to  its  crystallisatipn,  but  these  difficulties 
may  not  be  altogether  insuperable.  Mr.  J.  Be^r  Spence,  who  has  studied  the 
preparation  of  soda-alum,  remarks  that  <  it  may  lUtimately,  now  that  the  practica- 
bility of  producing  soda-alum  on  the  commercial  scale  has  been  demonstrated,  even 
with  all  tiie  difficult  of  crystallisation,  be  a  more  economical  way  of  produdng  this 
double  salt.' ' 

For  the  oompodtion  of  potash-,  soda-  and  ammonia-alums  found  ready  formed  in 
nature,  see  Axum,  Nativb. 

JpplieaiioHi  qf  Alum, — ^Alum  is  an  astringent  Ito  immediate  eflEect  on  man  is  to 
corrugate  the  fibres  and  contract  the  small  vessels.  It  predpitates  albuminous  liquids 
and  ccmibines  with  gelatine.  It  causes  dryness  of  the  mouth  and  throat,  and  checks 
the  secretions  of  the  alimentary  canal,  produdng  constipation — ^in  large  quantities, 
nausea,  vomiting,  and  pursing.  It  is  given  in  lead  colic,  to  convert  the  lead  into 
sulphate  of  kad,  and  is  used  externally.  Its  prindpal  use  is.in  dydnff ;  calico-printers 
print  it  as  a  inordant;  the  doth  is  then  put  into  the  dye,  and  the  printed  parts 
absorb  the  colour. , 

It  is  largely  employed  by  the  calico-printer  in  the  preparation  of  acetate  of  alumina 

•  *  OathePhiiKimMiaol  theCryiuniiatloaof  aDoubfe  Salt, by  Jt. Beffer  Spenoe,F.O.&— 'Chem- 
feil  lffv%' vol.  x«U.  1810,  ^  UU 
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by  precipitatinff  a  solution  of  alum  with  sugar  of^  lead.  Paper-makers  use  i^lum^n 
their  siie,  and  bookbinders  in  their  paste.  It  is  used  in  tanning  leather,  and  some- 
times,  both  in  Asia  and  Europe,  it  is  used  for  precipitating  rapidlj  the  impurities  of 
water.  This  is  a  dangerous  process,  unless  there  be  a  great  amount  of  alkaline  salts, 
suc^  as  carbonate  of  lime  or  soda,  to  neutralise  the  add.  It  is  extensively  used  in 
correcting  the  baking  qualities  of  bad  flour,  for  which  the  experience  of  many  has 
decided  Uiat  it  is  a  valuable  remedy ;  unfortunately,  it  is  also  used  to  make  excellent 
flour  whiter,  when  there  is  no  need  of  its  presence.  Liebig  says  that  lime  is  equally 
good,  and  of  course  much  safer.  It  is  also  used  in  the  adulteration  of  beer.  From 
time  immemorial  it  has  been  used  to  prevent  the  combustibility  of  wood  and  cloth. 
Milner's  fire-proof  safes  are  said  to  be  lined  with  a  mixture  of  alum  and  sulphate  of  Ume. 

•  Alum  heated  with  charcoal  or  carbonaceous  substances  farms  Homberg^stdios-' 
phorus,  whid^  inflames  spontaneously.  It  is  composed  of  alumina,  sulphioo  •of 
potassium,  and  charcoal. 

Bumi  Mum,  or  dried  alum,  is  made  by  gently  heating  alum  till  the  water  is  driTon 
offl  Tlie  alum  flrst  melts  in  its  water  of  crystallisation,  and  is  then  dried.  It  has  a 
stronger  action  tdian  tiie  hydrated  crystals,  and  is  a  mild  escharotio.  It  reabsorbs  water. 

Neutral  Alum  is  a  name  sometimes  given  erroneousl;^  to  alum  which  has  had  some 
of  its  acid  neutralised  hj  an  alkali.  It  is  in  fiftct  a  banc  salt  of  alumina,  which  may 
also  be  made  by  dissolving  alumina  in  ordinary  alum.  It  deposits  a  basic  salt  more 
readily  than  <mi]uary  alum,  and  may  be  of  service  in  some  cases  of  printing. 
Properly  speaking,  tlii^  common  alum  is  the  neutral  salt. 

Testing  qf  Alum,--'Ahim  being  generallv  in  larp;e  crystals,  any  impurity  is  more 
readily  seen ;  this  is  said  to  be  the  reason  for  keeping  up  the  ipneUce  of  making  this 
substance  instead  of  the  snlphate  of  alumina  alone,  which  is  less  bulk^  and  fitteid  for 
nearly  everv  purpose  for  whicH  alum  is  used.'  But  probably  the  ancient  accidental 
discovery  of  tne  pi>tash  form,  hais  determined  its 'use  to  the  firesent  day.  Iron  is  readily 
foufld  in  it^  by  adding  to  a  dilute  sol'utioniferroeyanide  of  potassium  or  yellow  pmssiate 
of  potash,  wmch  thr(m  down  PkuMaan-blue.  A  very  delicate  test  is  sulphide  m  ammo- 
nium, whid^  throws  down  both  the  alumina  and  iron,  but  the  blacking  of  the  precipitate 
depends  on  the  amount  of  iron.  The  total  amount  of  iron  is  got  by  adding  pure 
caustic  potash  or  soda  till  the  solution  is  stzongly  alkaline,  washins;  and  filt^ng  off 
the  oadde.  To  look  for  lime,  precipitate  the  idumina  ainl  Iron  by  ammonia,  boll 
and  filter — the  lime  and  magnesia  are  in  the  solution — add  oxalate  of  ammonia ; 
add  tartaric  add  to  keep  up  the  iron  and  alumina,  make  alkaline  by  ammonia,  then 
precipitate  the  lime  by  oxalate  of  ammonia,  filter,  and  predpitate  the  magUMMla  by« 
l^oephate.  Silica  and  insoluble  basic  sulphates  are  obtained  by  simtdy  dissaving  the 
alum  in  water  and  filtering.  If  silica,  it  is  insduble  in  adds ;  if  a  basic  sulphate,  it 
wiUdissolTe  in  sulphuric  add,  and  th»  addition  of  sulphate  of  potash  or  ammonia  will 
convert  it  into  potash- or  ammonia-alum. 

•  Pua  alum  gives  a  w^te  predpitate  with,  ammoffiia,  no  predpitate  with  sulphuretted 
hydrogen  gas,  and  no  vreopitate  with  oxalate  of  ammonia  and,  ammonia,  u  tartaric 
add  be  previcKisly  addeo. 

The  addition  of  ammonia  to  a  solution  of  alum,  or  the  addition  of  any  other  alkali, 
in  insuiBdent  quantity,  causes  a  predpitate,  not  of  pure  alumina,  as  one  might 
suppose,  but  of  a  subsulphate  of  alumina.  Even  an  exeess  of  alkali  will  not  remove 
all  the  sulphuric  add  without  heat  being  applied ;  an  excess,  on  the  other  hand,  is 
apt  to  dissolve  some  of  the  alumina,  especially  if  few  salts  are  present,  and  the 
solution  not  much  boiled.    Sulphide  of  ammonium  predpitates  it  thoroughly. 

In  a  saturated  solution  of  tersulphate  of  alununa,  the  crystals  of  ^um  are  almost 
insoluble. 

If  we  dissolve  alum  in  20  parts  of  water,  and  drop  this  solution  slowlyinto  water  of 
caustic  ammonia  till  this  be  nearly,  but  not  entirely,  saturated,  a  bulky  white  pred- 
pitate will  fall  down,  which,  when  properly  washea  with  water,  is  pnfe  aluminous 
earth  or  hydrate  of  alumina ;  and,  orieo,  forms  l<K-94  -per  cent  of  the  weight  of  the 
alum.  If  this  earth,  while  still  moist,  be  dissolved  in  dilute  sulphuric  add,  it  wiU 
constitute,  when  as  neutral  as  posdble,  simple  sulphate  of  ahimina,  which  requires 
only  two  parts  of  cold  water  for  its  solution.  If  we  now  decompose  tins  solution,  by 
pouring  into  it  water  of  ammonia,  there  appears  an  insoluble  white  powder,  which  i* 
subsulphato  of  alumina,  or  basic  alum,  a^  contains  three  times  •  as  much  earth  as 
exists  in  the  neutral  sulphate.  If,  however.  We  pour  into  the  solution  of  the  neutral 
sulphate  of  alumina  a  solution  of  sulphate  of  potash,  a  white  powder  will  ftll  if  the 
solutions  be  concentrated,  which  is  true  alum ;  if  the  solutions  be  (Ulute,  bgreTaposa-*^ 
ting  their  mixture,  and  coolinff  it,  crystals  of  alum  will  be  obtained.  ■ 

When  newly  predinteted  alumina  is  boiled  in  a  solution  of  alnm,  a  portion  of '^e 
^rth  enters  into  combination  with  the  salt,  constituting  an  insoluble  compound  which 
falls  in  the  fbnn  of  a  white  powder.    The  same  oombinati<mtaiKeBp]aoe»i£wlidMtota-' 
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^DM  A  bdliiig  hist  solutioii  of  aluaii  irith  ft  Bdiition  of  potMb,  till  the  miztnre  appeazt 
Aeazly  neatnl  by  litmus-paper.  This  inadliible  or  mdc  alum  exists  natiTe  m  thd> 
almn-stooe  of  Toliii,  near  Onrita  Veoehia;    (See  hdcw,) 

Ohm  or  Bam  NateriaL — ^Tbe  chief  diffienlty  in  manufEiGtariiie  alom  has  been  the 
sofattion  of  the  alumina.  This  substance  is  generally  combined  with  silica  in  snch  a 
strong  combination,  that  eren  pawerftd  acids  cannot  remoye  it  without  assistance. 
The  older  methods,  howerer,  took  no  notice  of  these  difficolties,  and  obtained  the 
alum  mord  or  less  directly  from  nature.  The  method  now  practised  at  the  Solfatara 
di  PoBSUoli  Mid  in  the  island  Vulcano  is  simply  to  take  the  efflorescence  and  the  earth 
conluning  it»  wash  it  with  water,  and  concentrate.  But  it  ymy  seldom  contains  a 
sufficient  amount  of  potash  to  form  alum.  A  salt  of  potash  is  then  added,  chiefly 
a  carbonate.  To  transform  this  into  a  sulphate,  a  portion  of  the  sulphate  of  alumina 
is  decomposed.  The  use  of  a  carbonate  is  a  wasteM  method  of  modem  times ;  the 
ancients  would  have  felt  no  difficulty,  but  boiled  all  down,  and  so  obtained  the  whole 
alumina  there.  Their  product^  therefore^  would  hare  been  basic  sulphate  of  alumina, 
which  it  eridently  was  when  this  practice  was  resorted  to.  When  they  merely  con* 
eentzated  and  tlien  crystallised,  they  got  pure  alum ;  but  they  lost  a  great  deal  of 
their  alumina. 

Alum  occun  ready  formed  in  nature  in  the  alum*stones  of  Italy,  &c.,  as  an  efflo* 
resoenoe  on  stones,  and  in  certain  mineral  waten  in  the  East  Indies.  (See  Alum, 
Natitb.)  The  alum  of  European  commerce  is  manu&ctured  artificially,  either  from 
the  alum-schists  or  stones,  or  nom  day.  The  mode  of  manufacture  differs  according 
to  the  nature  of  these  earthy  compounds.  •  Some  of  them,  such  as  the  alum-stone, 
contain  all  the  elements  of  the  salt,  but  mixed  with  other  matters,  from  which  it 
must  be  freed.  The  schists  contain  only  the  elements  of  two  <^  the  constituents, 
namely,  day  and  sulphur,  which  are  conTertible  into  sulphate  of  alumina,  and  this 
may  hd  then  made  into  alum  by  adding  the  alkaline  ingredient.  To  this  class  belong 
the  alum-slates,  and  other  analogous  schists,  containing  brown  coal.  Alum  has  ^ 
late  years  been  rory  extensiyely  prepued  by  Spence's  process,  in  which  the  raw 
material  is  a  carbonaceous  shiJe  from  the  coal-measures.  Quite  recently  a  new 
method  of  alum  manufacture  has  been  introduced,  in  which  the  raw  material  is  a 
siliceous  phosphate  of  alumina  and  iron  from  Bedonda  in  the  West  Indies.  Each  of 
these  methods  of  manufacturing  alum  will  now  be  separately  described. 

I.  Namifaeture  of  Mum  from  the  Aktm'8tone,-^I!he  alum-stone  or  alunite  is  a 
mineral  of  limited  occurrence,  beinff  found  in  moderate  quantity  at  Tolfa  (near  Cirita 
Vecchia,  in  thd  Boman  States),  and  in  larger  quantity  m  Hungair,  at  Beregszaz  and 
Musray,  whero  it  forms  entire  beds  in  a  hard  substance,  partly  characterised  by 
numerous  cayities,  containing  dru^  crystallisations  of  pure  alum-stone  or  basic  alum. 
It  is  also  found  in  the  Isle  of  Jmlo  and  elsewhera  in  the  Chredan  Archipelago. 
The  alum-stone  appeara  to  be  confined  to  yolcanic  districts,  when  it  is  formedby 
the  action  of  sulphurous  add  gas  and  steam  on  tmdiytic  and  other  fdspathic  rocks. 
The  ordinary  alum-stone  is  a  massiye  rock,  often  cellular  in  texture,  and  sometimes 
«uffidently  hard  to  be  employed  as  a  millstone. 

The  composition  of  orainary  alum-stone  is  &irly  represented  by  the  following 
selection  of  analyses : — 


l^ca         .        • 

Alumina    . 

Sulphuric  add    . 

Potash       .        .       . 

Water 

Peroxide  of  iron        • 

Klaproth 

Klaproth 

DeKotHs 

Ootdier 

Italy 

Tblte» 
Italy 

Hongaiy 

Ifontiotie, 
Tmoany 

lfbiitd*Or, 
France 

56-5 

19-0 

16-6 

4-0 

8*0 

••• 

1*94 
84*02 
36*94 
10'88 
1672 
.«• 

62'8 

17*5 

12*6 

10 

6*0 

•*. 
40-0 
86-6 
18*8 
10*0 

28'4 

81*8 

27*0 

6*8 

S*7 

V4 

The  older  analysts  exiuninad  the  rode  as  a  whole,  induding  all  impurities,  and 
hence  the  proportion  of  silica  iti  their  determinations  appean  much  higher  than  In 
the  more  recent  analyses,  which  relate  to  the  alunite  alone,  separated  as  fkr  as 
possible  from  mechanically-assodated  quartsose  matter. 

The  purest  spedmens  of  alunite,  which  exhibit  the  mineral  in  riiombohedral 
crystals,  consist  of  a  basic  sulphate  of  alumina  with  sulphate  ctf  potash,  referable  to 
thefcnmuls:  KO.  SO'-t-S  (A1<0*.  S0*)  +  6  H0(XJLl*S«O"  +  •■•O). 
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In  preparing  alum  from  Um  alnm-fione,  tke  oo^  it  flzst  tortod.  Thd  larger  lumf^ 
contain  more  or  fewer  flints  disseminated  through  them,  and  are,  according  to  their 
quality,  either  picked  out  to  make  alum,  or  thrown  away.  The  sorted  peces  are 
roasted  or  calcined,  by  which  operation  apparently  the  hydrate  of  alumina,  associated 
with  the  sulphate  of  alumina,  loses  its  water  and  its  affinity  for  alum.  It  becomes, 
therefOTe,  free ;  and  during  the  subs^uent  exposure  to  the  weather  the  stone  gets 
disintegrated,  and  the  alum  becomes  soluble  in  water. 

The  calcination  is  jMxformed  in  common  limflkilnw  in  the  ordinary  way.  In  the 
regulation  of  the  fire  it  is  requisite,  here,  as  with  gypsum,  to  prerent  any  fbsion  or 
running  together  of  the  stones,  or  siren  anv  disenfiagement  of  sulphuric  or  sul^urons 
acids,  whi<m  would  cause  a  corresponding  diminution  in  the  produce  of  alum.  For  this 
reason  the  contact  ql  the  ignited  stones  with  carbonaceous  matter  ought  tobe  av<»ded. 

The  calcined  alum-stones,  piled  in  heaps  from  2  to  8  feet  high,  are  to  be  exposed 
to  the  weather,  and  meanwhile  they  must  be  continually  kept  m<ttst  by  spriiuding 
them  with  water.  As  the  water  combines  with  the  alum  the  stones  crumble  down, 
and  fall,  erentnally,  into  a  pasty  masSf  whkdi  must  be  lixiTiated  with  warm  water, 
and  allowed  to  settle  in  a  larse  dstern.  The  clear  supernatant  liquor,  being  drawn 
(^,  is  to  be  evaporated,  and  then  crystallised.  A  second  crystallisation  finishes  the 
process,  and  furnishes  a  marketable  alum.  Thus  the  Bomaa  alum  is  made,  which  is 
covered  with  a  fine  red  film  of  peroxide  of  iron. 

Roman  Alum  crystallises — partly  in  octahedrons,  like  other  alums,  partly  in  cubes. 
If  these  cubes  are  dissolved  in  water  of  about  110°  F.,  the  evaporated  liquid  gives 
crystals  of  common  or  octahedral  alum.  It  was  said  that  on  heatings  it  deposited 
subsulphate  of  alumina ;  but  Loewel  says  tiiat  such  crystals  were  impure,  and  he  finds 
BO  real  dififarence  of  composition.  All  that  seems  to  be  known  with  certainty  is,  that 
it  is  formed  'vdien  there  is  a  salt  of  alumina  in  solution  with  the  alum  containing 
more  alumina  than  the  neutral  or  common  alum.  This  can  very  readily  occur  in  the 
Boman  alum,  where  there  is  a  great  ezeess  of  alumina  in  the  alum-stone.  The 
Boman  alum  is  prized  for  its  great  freedom  from  iron ;  it  was  said  by  MM.  Thenard 
and  Board  to  contain  only  s^ui  of  sulj^te  of  iron,  whUst  the  ordinary  alum  contained 

U.  Mum  MtM^<uimr$  fnm  AUm-Sekut^'-ThB  greater  portion  of  the  alum  found 
in  British  commerce  was  until  recently  made  from  alum-slate  and  analogous  substances. 
This  slate  contains  more  or  less  iron  pyrites,  mixed  with  coaly  or  bituminous  matter, 
which  is  occasionally  so  abundant  as  to  render  the  schist  somewhat  combustible.  In 
the  strata  of  brown  coal  and  bituminous  wood,  where  the  iijfper  layers  lie  immediately 
under  day  beds,  they  consist  of  the  coaly  substance  renderad  impure  with  clay  and 
pyrites.  This  triple  mixture  constitutes  the  essence  of  all  good  alum-schists,  and  it 
operates  spontaneously  towards  the  production  of  sulj^iate  of  alumina.  The  coal, 
l)68ides  burning,  serves  to  make  the  texture  open,  and  to  allow  the  air  and  mdsturo 
.topenetrate  freely,  so  as  to  change  the  sulphur  and  iron  present  into  acid  and  oxida 
When  these  schists  are  exposed  to  a  high  temperature  in  contact  with  air,  the  pyrites 
loses  one-half  of  its  sulphur,  in  the  form  of  sublimed  sulphur  or  of  sulphurous  add, 
and  becomes  a  black  sulphide  of  iron,  which  speedily  attracts  oxygen,  and  changes  to 
sulphate  of  iron,  or -green  vitriol.  The  brown-coal  schists  contain,  commonly,  some 
green  vitriol  crystals  spontaneously  formed  in  them.  The  sulphate  of  iron  transfers  its 
add  Uf  the  clay,  progressively,  as  the  iron,  bvtlio  action  of  the  air  with  a  little  eleva- 
tion of  temperature,  becomes  peroxidised ;  whereby  sulphate  of  alumina  is  produced. 
A  portion  of  the  green  vitriol  remains,  however,  undecomposed,  and  so  much  the  more 
as  there  mav  happen  to  be  less  of  other  salifiable  bases  present  in  the  clay-slate. 
Should  a  little  magnesia  or  lime  be  present,  the  vitriol  gets  more  completely  decom- 
posed, and  a  portion  of  Epsom  salt  and  gypsum  is  produced. 

The  production  of  alum  from  alum-stone,  in  which  the  whole  inffredients  have  been 
found,  has  been  far  from  enough  for  the  supply  of  the  worid^  and  recourse  has  been 
had  to  substances  very  different  in  composition, — alum-shale,  or  schist,  and  clay. 
Until  within  a  few  years  the  only  supply  of  alum  in  Britain  lias  been  from  the  lias 
shales  of  Whitbjr,  and  the  lower  coal-measures  of  Gampsie  and  Hvlet,  near  Glasgow, 
and  they  are  still  the  only  places  where  it  is  manumctnred  from  the '  ore,'  as  it  is 
caUed. 

The  manuflMtnre  of  alum  from  ahtm-schists  may  be  described  under  the  six  follow- 
lag  heads: — 1.  The  preparation  of  the  alumnihale.  2.  The  lixiviation  of  the  shale. 
8.  The  efapocation  c^  the  lixivium.  4.  The  addition  of  the  saline  ingredients,  or  the 
predpitation  of  the  alum*  5*  The  washing  of  the  aluminous  salts;  and*  ^  The 
ctystallisation. 

1.  Preparation  of  the  Mum'SkaU, — Some  altim-shales  are  of  such  a  nature  that, 
bdng  piled  in  heaps  in  the  open  air,  and  moistened  from  time  to  time,  thev  get  spon* 
taoeoQsly  hoty  aad  by  degrees  &ll  intoa  pulverulent  mass,  ready  to  be  lixiviatod.   The 
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greater  part>  however,  require  the  prooeiw  of  nsttilation,  firom  which  thoy  derire  many 
adTBDtages.  The  cohesion  of  the  dense  shale  is  thereby  so  much  impaired  that  its 
decomposition  becomes  more  rapid ;  the  decomposition  of  the  pyrites  is  quickened  by 
the  expulsion  of  a  portion  of  the  sulphur ;  and  the  ready-formed  green  vitriol  is  partly 
decomposed  by  the  heat,  with  a  transference  of  its  sulphuric  acid  to  the  day,  and  the 
production  of  sulphate  of  alumina. 

Such  alum-shales  as  contain  too  little  bitumen  or  coal  for  the  roasting  i>rooes8  must 
be  interstratified  with  layers  of  small  coal  or  brushwood  over  an  extensive  surface. 
At  Whitby  the  alnm-rock,  broken  into  small  pieces,  is  laid  upon  a  horizontal  bed  of 
fuel,  OOTiposed  of  brushwood ;  but  at  Hurlet  small  coal  is  chiefly  used  for  the  lower 
bed.  When  about  four  feet  of  rock  is  piled  on, 'fire  is  set  to  the  bottom  in  various 
parts ;  and  whenever  the  mass  is  fairly  kindled,-  more  rock  is  placed  over  the  top.  At 
Whitby  this  piling  F![oce6s  is  continued  till  the  calcining  heap  is  raised  to 'the  height 
of  90  or  100  feet.  The  horisontal  area  is  also*  augmented  at  the  same  time  till  it 
forms  a  great  bed  nearly  200  feet  square,  having  therefore  about  100,000  yards  of 
solid  measurement  The  rapidity  of  the  combustion  is  tempered  by  plastering  up  the 
crevices  with  small  schist  moistened.  When  such  an  immense  mass  is  inflamed,  the 
heat  is  sure  to  rise  too  high,  and  an  immense  waste  of  sulphur  and  sulphuric  ncid 
must  ensue.  This  evil  has  been  noticed  at  the  Whitby  works.  At  Hurlet  the  height 
to  which  the  heap  is  piled  is  only  a  few  feet,  while  the  horizontal  area  is  expanded : 
which  IS  a  much  more  judicious  arrangement.-  At  Whitby  130  tons  of  calcined 
schist  produces  on  an  average  1  ton  of  alum,  in  this  humid  climate  it  would  be  ad- 
visable to  pile  tip  on  the  top  of  the  horizontal  strata  of  brushwood  or  coal  and  schist, 
a  pyramidal  mass  of  schist,  which,  having  its  surface  plastered  smooth,  with  only  a 
few  air-holes,  will  protect  the  mass  from  the  rains,  and  atthe  same  time  prevent  the 
combustion  from  becmning  too  vehement.  Should  heavy  rains  supervene,  a  gutter 
must  be  scooped  out  round  the  pile  for  receiving  the  aluminous  lixivium,  and  con- 
ducting it  into  the  reservoir. 

It  may  be  observed,  that  certain  alum-schists  contain  abundance  of  combustible 
matter,  to  keep  up  a  suitable  calming  heat  after  the  flre  is  onee  kindled ;  and  there- 
fore nothing  is  needed  but  the  first  layer  of  brushwood,  which,  in  this  ease,  may  be 
laid  over  the  first  bed  of  the  bituminous  schist. 

A  continual  but  very  slow  heat,  with  a  smothered  fire,  is  most  beneficial  for  the 
ustulation  of  alum-slate.  When  the  fire  is  too  brisk,  the  sulphide  of  iron  may  run 
with  tho  earthv  matters  into  a  species  of  slag,  or  the  sulphur  will  be  dissipated  in 
vapour,  by  botn  of  which  accidents  the  product  of  alum  will  be  impaired.  Those 
bituminous  alum-schists'  which  have  been  used  as  fuel  under  steam  Ixnlers  have 
suffered  such  a  violent  combustion  that  their  ashes  yield  almost  no  alum.  Even  the 
best  regulated  calcining  pipes  are  apt  to  bum  too  Inriskly  in  high  winds,  and  should 
have  their  draught-holes  careMly  stopped  under  such  circumstances.  It  mav  be  laid 
down  as  a  general  rule,  that  the  slower  the  combustion  the  richer  the  roastea  ore  will 
be  in  sulphate  of  alumina.  When  the  calcination  is  complete,  the  heap  diminishes 
to  one-haif  its  original  bulk ;  it  is  covered  with  a  light  reddish  ash,  and  is  open  and 
porous  in  the  interior,  so  that  the  air  can  circulate  freely  throughout  the  mass.  To 
ravonr  this  access  of  air,  the'  masses  should  not  be  too  lofty ;  and  in  dry  weather  a 
littie  water  should  be  oceasiodftUv  sprinkled  on  them,  which,  by  dissolving  away  s 
of  the  saline  matter,  will  make  the  fnterior  more  open  to'the  atmosphere. 

The  following  analyses  of  shales  are  by  G.  Eersten :— • 


GarbonaoeouB  matter 
Silica  • 

Peroxide  of  iron  • 
Almnina  '•  • 
DfLngnena  •  • 
Sulphur  •  • 
Oxide  of  manganese 
Sulphate  of  Ime  • 


Hennann- 

OWeksof* 

isiaciier* 

■ctaachte 

gM»g 

Bohachte 

41-10 

27'92 

84*20 

44*02 

51*82 

50*21 

6*28 

8*40 

0*42 

5*60 

7*62 

5*21 

0*82 

0*26 

0*58 

1*25 

2*89 

1*72 

0*12 

traces 

traces 

traces 

traces 

98*64 

98*41 

98*39 

Messrs.  STchardson  and  Bonalds  hare  given  some  very  detailed  analyses  of  tho 
Whitby  and  Campsie  shales ;—     "  .       »       .        . 
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Whttby 

Qimprie 

fi^ 

Bottom 

Top 

Tbp 

Bottom 

Bock 

Bock 

Bock 

Bock 

Sulphur  •        • 
Iron 

••• 
••• 

••• 

22*86 
1816 

23*44  \ 
1504/ 

9-63 

Sulphuret  of  iron     , 

4*20 

8*50 

Silica       . 

52-25 

5116 

15*40 

15*40 

0-47 

Protoxide  of  iron     , 

8-49 

6*11 

••• 

••• 

2-18 

Alumina .        .        , 

18-75 

18-30 

11*35 

11*64 

1891 

Lime 

1-26 

215 

1*40 

2-22 

0-40 

Magnesia 

0*91 

0-90 

0-50 

0-32 

2-17 

Oxide  of  manflanoso 

traces 

traces 

0*15 

••• 

0-55 

Sulphuric  add         , 

1-87 

2*50 

••• 

••• 

0-05 

Potash    . 

013 

traces 

0*90 

••• 

1-26 

Soda        .        . 

0-20 

traces 

••• 

.•• 

0*21 

Chlorine . 

traces 

traces 

Carbon  and  loss 

••• 

••• 

29*78 

Carbon  .. 

••• 

28-80 

Coal 

4-97 

8-29 

••• 

... 

8*51 

Loss 

••• 

••• 

313 

0*59 

Water    ., 

2-88 

2*00 

... 

... 

8-54 

95*40 

91*91 

100-00 

99-99 

100-00 

As  the  Top  rock  contains  a  larger  excess  of  iron  pyrites  than  the  Bottom,  thoy  ore 
mixed  so  as  to  diffuse  the  sulphuric  acid  equaUv. 
£rdmann  has  thus  analysed  his  German  speamens : — 


Gunsdoi 

« 

WeielstciA 

Sulphuret  of  iron        •        •        •        • 

7-533 

10166 

Silica         .        .        , 

0-060 

0100 

Sdubleinadd     - 

Peroxide  of  iron . 
Alumina     . 

0-966 
1-833 

2-466 
3*166 

Lime  .        .        . 

0*400 

1000 

Magnesia    . 

trace 

1022 

SiUca         .        , 

50-066 

52-200 

Alumina     . 

8-900 

17*900 

InsoluUe  in  acid 

Peroxide  of  iron 
Magnesia    . 

1*300 
1*000 

3*566 
1-133 

Lime  . 

trace 

trace 

Coal  .        . 

22-833 

0-805 

Witer 

2-208 

5-080 

Skales/rom  Fraentoalde^ 

Shales  from  PiUberff, 

byElaproth. 

by  Bergemann. 

Alumina         •  -    •        .        .    16-000    .        •       • 

.    10*80 

aUca     ....'.*   40*00      *.       •.       '. 

.    45*30 

Magnesia       ....      0-25 

Sulphur.        ....      2*85      .        .        • 
Carbon  ....        ..    19*b5      .        .       . 

8-94 

5*95 

Protoxide  of  iron    .        .        •      6*40      .        .        • 

.      5*50 

Oxide  of  manganese        .        .       -^        .       '.       '• 

0*60 

Sulphate  of  protoxide  of  iron  .      1-80     '. 

.      5*73 

„        „  alumina       .        .       —        .'.*. 

1*20 

„        „  lime     .        .              1*50      •        • 

.      1-71 

„  potash.        .        .      1-50      .        . 

.      1*75 

Chloride  of  potaanum     .       .      0*50      .       •       . 
Solphuiicaod        ...       —       ••• 

.      0-35 

.      0-47 

Water    . 

•       •        •        • 

10-' 

J6      .       .       . 

16-50 

101-90 


0970 
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Hera  the  Bolphnr  has  ovideDtly  existed  in  combination  with  iron,  which  has  been 
united  to  oxygen  by  the  analysts.  The  amount  of  sulphate  shows  a  partial  disinte* 
gntion  and  other  changes. 

Lampadius  gives  another  analysis  with  much  more  snlphor : — 

Mum-SAaiefrom  Siekda, 

Sulphate  of  alumina •        .        •  2*68 

Potash-alum     » ♦        .        .  0*47 

Sulphate  of  iron       •        •        •        »        •        r       .^       •        .  0'95 

Sulphate  of  lime       »•••••...  1*70 

Silica ♦        w        .  10*32 

Alumina  •....., 9*21 

Magnesia          •..•...,,.  traces 

Oxide  of  iron    .....•.,.,  2*80 

Oxide  of  manganese         ••»•»•*.  0*31 

Sulphur   ••».•.....,  7«i3 

Water      ....,♦,»..,  88*90 

Carbon     ..,«»••••..  81*03 

100*00 

When  alum  is  made  of  sudi  shale,  the  object  is  first  of  all  to  oxidise  the  sulphur, 
forming  sulphuric  acid.  This  add  then  dissolves  the  alumina.  The  result  may  be 
accomplished  by  allowing  the  shale  to  disintegrate  spontaneously  in  the  air,  the 
sulphur  oxidising  and  dissolving  the  alumina.  But  in  general,  as  at  Whitby  and 
Gampsie,  combustion  must  be  resorted  to.  This  can  be  accomplished  without  the  use 
of  coal,  further  than  is  needful  simply  to  set  fire  to  that  portion  which  exists  in  the 
shale  itsell  Indeed,  the  Gampsie  smile,  having  more  coal  than  is  desirable  for  slow 
combustion,  is  mixed  with  some  spent  material,  in  order  to  diminish  the  force  of  the 
heat^ 

The  sulphur  is  united  with  the  iron,  forming  a  bisulphide,  each  atom  of  which 
must,  therefore,  take  up  seven  atoms  of  oxygen,  FeS^  +  70  »FeO.  SO'  +  SO*.  When 
combustion  takes  place,  the  sulphur  oxidises :  if  rapid  combustion  is  permitted,  siU- 
phurons  acid  gas  escapes ;  if  slow  combustion,  the  sulphurous  acid  penetrates  the 
mass  slowly,  receives  another  atom  of  oxygen,  unites  to  a  base,  and  a  sulphate  is  the 
consequence.  Sulphate  of  iron  is  formed,  and  free  sulphuric  acid.  In  the  process  it 
is  probable  that  the  oxidation  is  completed  bv  means  of  the  iron.  Protoxide  of  iron 
readily  becomes  peroxide  f  the  bulphuroutf  acid* readily  decomposes  peroxide,  forming 
sulphuric  acid  and  pih>tox!de  of  iron.'  This  protoxide  of  iron  is  again  converted  into 
peroxide,  and  if  not  dissolved  is  rendered,'  to  a'  great  extent,  difficult  to  dissolve,  by 
reason  of  the  heat  of  the  mass.*  For  this  reason  partly,  there  is  less  sulphate  of  iron 
in  the  alum  than  mig;ht  "bb  expected.-  To  effect  these  changes  it  is  desirable  to  burn 
very  slowly,  so  as  to  allo\r  no'  loss  of  sulphurous  acid,  and,  *in  washing,  to  allow 
the  water  to  stand  it  long  time  on  the  burnt  ore.  Another  method,  bv  which  the 
sulphuric  add  is  tmnsferred  to  the  alumina,  is  the  peroxidation  of  the  protoxide 
in  the  sulphate  of  iron ;  'add  is  by  this'  means  set  free  and*  begins  to  act  on  the 
alumina. 

The  protosulphate  of  iron  being  formed,  it  is  removed  by  boiling  down  the  liquor 
until  the  protosulphate  of  iron  crystallises  out,  at  the  same  time  the  solution  becom-r 
iDg  saturated  "with  the  aluminous  salt.  The  sulphate  of  iron  is  soluble  in  0*3  of  hot 
water,  the  alum  in  0*06.  The  liquid  around  the  crystals  on  the  remaining  mother- 
liquor  contains  iron  also ;  this  is  -washed  off  by  adding  pure  liquors. 

The  presence  of  lime  or  magnesia  in  the  ores  is,  of  course,  a  means  of  abstract-' 
ing  add,  preventing  the  alumina  being  dissolved,  and  even  predpitating  it  when 
disiM>lvecL 

Knapp  says  that  at  Salzweiler,  near  Duttweiler,  in  Khenish  Prussia,  the  roasting 
of  the  ore  takes  place  in  the  pit  or  mine.  The  stratum  of  brown  coal  which  lies 
under  it,  having  been  acddentally  set  fire  to  in  1660,  has  smouldered  till  the  present 
time  without  intermission. 

When  the  ores  are  roasted,  one-half  of  the  sulphur  is  freed  and  sent  into  the  mass, 
or  escapes  as  sulphurous  add;  and  the  remaining  protosulphide  of  iron  is  after- 
wards converted  into  flreen  vitrioL 

When  the  caldwea  mineral  becomes  thoroughlv  cold,  we  mav  proceed  to  the 
lixiviation*  But  as,  from  the  first  construction  of  the  piles  or  beas  till  their  com- 
plete calcination,  many  weeks,  or  even  months,  may  elapse,  care  ought  to  be  taken 
to  provide  a  suffUnent  number  or  extent  of  them,  so  as  to  have  an  adequate  supply 
of  material  for  carrying  on  ih»  lixiviating  and  crystallising  processes  during  the 
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oounie  of  the  year,  or  At  least  during  the  aererity  of  the  ^nter  season,  -when  the 
calcination  may  be  suspended,  and  the  HziTiation  beoomes  nnsatis&ctozy..  The  beds 
are  knovn  to  be  sofSdently  decomposed  by  the  efflorescence  of  the  salt  vhich  appears 
upon  the  stones,  from  the  strong  alnminons  taste  of  the  ashes,  and  from  the 
appropriate  chemical  test  of  liziviating  an  aliquot  ayerage  portion  of  the  mass,  and 
seeing  how  much  alnm  it  -will  yi^d  with  solution  of  sulphate  of  potash  or  chloride  of 
potassium. ,        . 

2.  2%s  Lunviaiiont — ^The  lixiyiation  is  best  perfornied  in  stone-built  cistems ;  those 
of  wood,  however  strong  at  ^t,  fue  %oon  decomposed,  and  need  repairs.  They 
ought  to  be  erected  in  the  neighbourhood  of  the  cal^ning  heaps,  to-sare  the  labour 
of  transport,  and  so  arranged  that  the  solutions  from  the  higher  cistems  mar  spon- 
taneously flow  into  the  lower.  .In  this  point  of  Tiewi  a  sloping  terrace  is  the  best 
situation  for  an  alun^  worlp.  In  the  lowest  part  of  this  terrace,  and  in  the  neighbour- 
hood of  the  boiling-hpuse,  .there,  ouglvb  to  be  two  or  more  large  tanks,  for  holiung  the 
crude  lixivium,  and  tjiey  ^onl(^  be  protected  from  the  rain  by  a  proper  shed.  Upon 
a  somewhat  higner  Iqvel  the  ciiiems.ctf  the  dear  lixivium,  may,  be  placed.  Into  the 
highest  range  of  dstoms  .the  gilcined  mineral  is  to  be  put,  taking  care  to  lay  the 
lai^st  lumps  (it  thp  bot^m,  ;ind  to  coyer  them  -^ith  Ughtejr  ashes.  A  sufficient 
quantity  of  water  is  now  to  be  run  over  it,  and  allowed  to  rest  for  some  time.  The 
lixivium  may  then  be  drawn  off,  by  a  stopcock  connected  with  a  pipe  at  the  bottom  of 
the  dstem,  and  run  into  another  dstem  at  a  somewhat  lower  level.  Fresh  water 
must  now  be  poured  on  the  partly  exhausted  schist,  and  allowed  to  remain  for  a 
suffident  time.  This  lixivium,  bdnff  weak,  should  be  run  off  into  a  separate  tank. 
In  some  cases  a  third  addition  of  fresh  iFater  may  be  requisite,  and  the  weak  lixivium 
which  is  drawn  off  may  be  reserved  for  a  fresh  portion  of  caldned  mineral.  In  order 
to  save  evaporation,  it  is  alwa^  requisite  to  stren^en  weak  leys  by  employing  them 
instead  of  water  for  fresh  portions  of  caldned  schist.  Upon  the  ingenious  mspodtion 
and  form  of  these  lixiviating  cisterns,  mndi  of  the  economy  and  success  of  an^um  work 
depends.  The  hydrometer  should  be  always  used  to  determine  the  degree  of  concen- 
tration which  the  solutions  acquire. 

The  lixiviated  stone,  being  thus  exhausted  of  its  soluble  ingredients,  is  to  be 
removed  from  the  dstems,  and  piled  up  in  a  heap  in  any  convenient  place,  where  it 
may  be  left,  dther  spontaneously  to  deoompoee,  or,  after  drying,  subjected  to  another 
oaldnation. 

After  calcining  and  washing  the  Gampde  ores,  the  residue  had  the  following  com- 
position : — 

»lica 38-40 

Alumina 12*70 

Peroxide  of  iron 20*80 

Oxide  of  manganese  •••••••  traces 

lime 207 

lilagnesia •        •        •        •  2*00 

Potash 1-00 

Sulphuric  add 10*76 

Water 12*27 

100-00 

It  is,  therefbre,  rery  fSur  ftam  being  a  complete  proeees ;  but  it  is  not  eonsidered 
profitable  to  remove  the  whole  of  the  alumina.  In  some  places  the  exhausted  ore  is 
burnt  a  second  time  with  f^esh  ore,  as  at  Gampsio,  but  we  are  not  told  the  estimated 
exhaustion. 

The  density  of  the  solution  may  bo  brought,  upon  an  average,  up  to  the  spedfic 
gravity  of  fh>m  1  *09  to  1*15.  The  latter  density  mayalways  be  obtained  by  pumping 
up  the  weaker  solutions  upon  fresh  caldned  mine.  This  strong  liquor  is  then  dnwn 
ofl^  when  the  sulphate  of  Bme,  the  oxide  of  iron,  and  the  earths  are  depodted.  It  is 
of  advantage  to  leave  the  liquor  exposed  to  air  for  some  time,  whereby  the  green 
vitriol  may  pass  into  a  persulphate  of  iron  with  the  depodtion  ef  some  oxide,  "When 
the  add  ml  act  better  on  the  clay  present,  so  as  to  increase  the  quantity  of  sulphate 
of  alumina.  The  manufacture  of  alum  is  the  more  imperfect,  as  the  quantity  of  sul- 
phate of  iron  left  undecompoeed  is  greater,  and  therefore  every  expedient  ou^^t  to  be 
tried  to  convert  the  sulphate  of  iron  into  sulphate  of  alumina. 

8.  7%e  Evaporation  qf  the  Schist  Lixivium,— Ab  the  aluminous  liquors,  however 
well  settled  at  first,  are  apt,  on  the  great  scale,  to  depodt  earthy  matters  in  the  oourse 
of  their  concentration  by  heat,  they  are  best  evaporated  by  a  surfiioe  fire,  sudias  that 
employed  at  ^urlet  and  Oampsie.  A  water-tight  stone  dstem  must  be  built,  having 
a  layer  of  well-rammed  clay  beb'nd  the  fiiags  or  tiles  which  line  its  bottom  and  sides. 
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The  datera  maj  be  4  or  6  feet  wide,  2  or  8  feet  deep,  hnd  SO  or  iO  feet  long,  and  it 
IB  covered  in  by  an  arob  of  stone  or  brickwork.  At  one  extremity  of  this  tnnnel,  or 
covered  canal,  a  fire-giate  is  set^  and  at  the  other  a  lofty  chimney  is  erected.  The 
dstem  being  filled  to  the  bnm  with  the  alum  ley,  a  strong  fire  is  kindled  in  the  re- 
verberatozy  grate,  and  the  flame  and  hot  air  are  forced  to  sweep  along  the  snr&ce  of 
the  liqnor,  so  as  to  keep  it  in  constant  ebullition,  and  to  carry  off  the  aqneons  parts  in 
vaponr.  The  soot  which  is  condensed  in  the  process  &lls  to  the  bottom  and  leaves 
the  body  of  the  liquor  clear.  As  the  concentration  goes  en,  more  of  the  rough  lizi- 
vium  is  run  in  from  the  settling  cistern,  placed  on  a  somei^iat  higher  level,  till  the 
whole  gets  chai^ged  with  a  clear  liquor  of  a  specific  gravity  sufl&ciently  high  for 
transferring  into  the  proper  lead  boilers. 

At  Whil£y,  the  leaid  pans  are  10  feet  long,  4  feet  9  inches  wide,  2  feet  2  inches 
deep  at  the  one  end,  and  2  feet  8  inches  deep  at  the  other.  This  increase  of  depth 
and  corresponding  slope  funlitatee  the  decantation  of  the  concentrated  lixivium  by 
means  of  a  syphon  applied  at  the  lower  end.  The  bottom  of  the  pan  is  supported  by 
a  series  of  panillel  iron  bars  placed  very  near  each  other.  In  tnese  lead  pans  the 
liquor  is  concentrated,  at  a  brisk  boiling  heat,  by  means  of  the  fiame  of  a  flue  beneath 
them.  Every  morning  the  pans  are  emptied  into  a  settling  cistern  of  stone  or  lead. 
The  spedfio  gravity  of  the  liquor  should  be  about  1*4  or  1*6,  being  a  saturated  solu- 
tion of  the  saline  matters  present.  The  proper  degree  of  density  must  vary,  however, 
with  different  kinds  of  lixivia,  and  accorning  to  the  different  views  of  the  manixfac- 
tnrer.  For  a  liquor  which  consists  of  two  parts  of  sulphate  of  alumina,  and  one  part 
of  sulphate  of  iron,  a  specific  gravity  of  1*25  may  be  sufficient ;  but  for  a  solution 
which  contains  two  parts  of  sulphate  of  iron  to  one  of  sulphate  of  alumina,  so  that  the 
green  vitriol  must  be  withdrawn  first  of  all  by  crystallisation,  a  specific  gravity  of 
1*4  may  bo  requisite. 

The  construction  of  an  evaporating  fbmace  well  adapted  to  the  concentration  of 
aluminous  and  other  crude  lixivia  is  described  under  Soda.  The  liquor  basin  may 
be  made  of  tiles  or  fiags  puddled  in  day,  and  secured  at  the  seams  with  a  good 
fydraulie  cementi  A  mortar,  made  of  quicUime  mixed  with  the  exhausted  schist  in 
powder,  and  iron  turnings,  is  said  to  answer  well  for  this  purpose.  Sometimes  over 
the  reverberatory  furnace  a  flat  pan  is  laid,  instead  of  the  arched  top,  into  which  the 
cruda  liquor  is  put  for  neutralisation  and  partial  concentration.  In  Germany,  such  a 
pan  is  inade  of  copper,  because  iron  would  waste  too  fiut,  and  lead  would  be  apt  to 
melt^  From  this  preparation-basin  the  under  evaporating  trough  is  gradually  supplied 
with  hot  liquor.  At  one  side  of  this  lower  trough,  there  is  sometimes  a  door,  ttirough 
which  the  sediment  may  be  raked  out  as  it  accumulates  upon  the  bottom.  Such  a 
contrivance  is  convenient  for  this  mode  of  evaporation,  and  it  permits,  also,  any 
repairs  to  be  readily  made ;  but,  indeed,  an  apparatus  of  this  kind,  well  mounted  at 
first,  will  serve  for  many  years. 

In  the  course  of  the  final  concentration  of  the  liquors,  it  is  customary  to  add  some 
of  the  mother-waters  of  a  former  process,  the  quantity  of  which  must  be  regulated  by 
a  proper  analysis  and  knowledge  of  their  contents.  If  these  mother-waters  contain 
much  firee  siuphuric  acid,  thejr  may  prove  useM  in  dissolving  a  portion  of  the 
alumina  of  the  sediment  which  is  always  present  in  greater  or  less  quantity. 

4.  The  Preoipiuaum  of  the  Jhm  by  adding  AUkaUns  SaUa.^-AM  a  general  rule,  it  is 
most  advantageous  to  separate,  first  of  all,  firom  the  concentrated  dear  liquors,  the 
alum  in  the  state  of  powder  or  small  crystals,  by  addition  of  the  proper  alkaline 
matters,  and  to  leave  the  mingled  foreign  salts,  sudi  as  the  sulphate  of  iron  or  mag- 
nesia, in  8olution,insteadoftz^ng  to  abstract  those  salts  by  a  previous  crystallisation. 
In  this  way  we  not  only  simplify  and  acoderate  the  manufacture  of  alum,  and  leave 
the  mother-waters  to  be  worked  up  at  any  convenient  season,  but  we  also  avoid  the 
ridE  of  withdrawing  any  of  the  sulphate  of  alumina  with  the  sulphate  of  iron  or  mag- 
nesia. On  this  account  the  concentration  of  the  liquor  ought  not  to  be  pushed  so  mr 
as  that,  when  it  gets  cold,  it  should  throw  out  crystals,  but  merely  to  the  verge  of 
this  point  This  density  may  be  determined  by  suitable  experiments.  The  powder 
of  alum  is  also  called  >Zot<r. 

The  dear  liquor  should  now  be  run  off  into  the  predpitation  dstem,  and  have  the 
sulphate  of  potash  or  chloride  of  potasdum,  or  impure  sulphate  or  carbonate  of  am- 
monia,  added  to  it.  The  sulphate  of  potash,  whicn  is  the  most  direct,  forms  18*84 
parts  ont^  100  of  crystallised  alum ;  and  therefore  that  quantity,  or  an  equivalent 
in  chloride  of  potasdum,  or  other  potash,  or  ammoniacal  salts,  must  be  introduced 
into  the  aluminous  liquor.  Since  sulphate  of  potash  takes  10  parts  of  cold  water 
to  dissolve  it,  but  is  mudi  more  soluble  in  boiling  water,  ana  since  the  precipi- 
tation of  alum  is  more  abundant  the  more  concentrated  the  mingled  solutions  are,  it 
would  be  prudent  to  add  the  sulphate  solution  as  hot  as  may  be  convenient :  but,  as 
chloridd  ox  potasdum  is  Mly  three  times  more  soluble  in  cold  water,  it  ia  to  be  pre^ 
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felted  as  a  t^redptant,  vhen  it  can  b^  procured  at  a  cheap  rate.  It  has,  also,  the 
adyantage  of  deoomposmg  the  snlphate  of  iron  present  into«  chloride,  a  salt  rery 
difficnlt  of  crystallisation,  and,  thraefdre,  less  apt  to  contaminate  the  crystals  of  alnm. 
Of  late  years  chloride  of  potassinm  has  been  largely  obtained  from  camallite,  and 
sulphate  of  potash  has  been  procured  firom  kainite,  two  minerals  found  in  great 
abundance  in  the  salt-mines  of  Stassfnrt,  in  Prussia.  The  quantity  of  alkaline  salts 
requisite  to  precipitate  the  alum,  in  a  granular  powder,  firom  the  liziTium,  depends 
on  their  richness  in  potash  or  ammonia,  on  the  one  hand,  and  on  the  richness  of  the 
liquors  in  sulphate  of  alumina  on  the  other ;  and  this  must  be  ascertained,  for  each 
huge  quantity  of  product,  by  a  preliminary  experiment  in  a  precipitation  glass.  Here, 
.  an  aliquot  measure  of  the  aluminous  liquor  being  taken,  the  liquid  precipitant  must 
be  adaed  in  suooessiye  portions,  as  long  as  it  causes  any  cloud,  i^en  the  quantity 
added  -will  be  indicated  by  the  graduation  of  the  yessel.  A  yery  exact  approximation 
is  not  practicable  upon  the  great  scale ;  but,  as  the  mother-waters  are  afterwards 
mixed  together  in  one  cistern,  any  excess  of  the  precipitant  at  one  time  is  corrected 
by  excess  of  aluminous  sulphate  at  another,  and  the  resulting  alum-meal  is  collected 
at  the  bottom.  When  tne  precipitated  saline  powder  is  thoroqghly  settled  and 
.cooled,  the  supernatant  mother-water  must  be  orawn  off  by  a  pump,  or  rather  a 
syphon  or  stopcock,  into  a  lower  dstem.  The  more  completely  this  drainage  is 
effected,  the  more  easily  and  completely  will  the  alum  be  punfied. 
100  parts  of  alum  are  formed  from  uie  sulphate  of  alumina  liquor, 

by  18*82  of  sulphate  of  potash, 
„  18*86  of  sulphate  of  ammonia, 
or  15*69  of  chloride  of  potassium. 

Sulphate  of  ammonia  is  soluble  in  1  of  hot  and  2  of  cold  water ;  sulphate  of  potash  in 
nearly  10,  and  chloride  of  potassium  in  8,  of  water  of  oifdinary  temperature ;  alum, 
in  18  parts  of  irater.  A.  portion  of  the  alum  formed  'will  remain  in  solution ;  this 
-will  depend  on  the  quantity  of  liquid ;  the  rest  fkUs  as  a  powder. 

This  mother-liquor  has  genendly  a  specific  grayity  of  1*4  at  a  medium  tempera- 
ture of  the  atmosphere,  and  consists  of  a  saturated  solution  of  sulphate  or  muriate  of 
black  and  red  oxide  of  iron  with  sulphate  of  magnesia,  in  certain  localities,  and 
chloride  of  sodium,  when  kelp  salts  haye  been  used  as  a  precipitant,  as  also  a  saturated 
solution  of  sulphate  of  alumina.  By  adding  some  of  it,  ^m  time  to  time,  to  the 
fresh  lixiyia,  a  portion  of  that  sulphate  is  conyerted  into  alum ;  but,  eyentually,  the 
mother-water  must  be  eyaporated,  so  as  to  obtain  from  it  a  crop-  of  ferruginous 
crystals ;  after  irhich  it  becomes  capable,  once  more,  of  giying  up  its  alum  to  the 
alkaline  predpitants. 

When  the  .luminous  lixivia  contain  a  greal  deal  of  sulphate  of  iron,  it  maybe  good 

)licy  to  -withdraw  a  portion  of  it  by  crystallisation  before  precipitating  the  alum. 

ith  this  yiew  the  liquors  must  be  eyaporated  to  the  density  of  1*4,  and  then  run 
off  into  crystallising  stone  cbtems.  After  the  green  yitriol  has  crystallised,  the  liquor 
should  be  pumped  back  into  the  eyaporating  pan,  and  again  brought  to  the  densi^  of 
1*4.  On  addii^  to  it,  now,  the  alkalino-saUne  precipitants,  the  alum  will  &11  down 
from  this  concentrated  solution,  in  a  yery  minute  crystalline  powder,  easy  to  wash 
and  purifjr.  But  this  method  requires  more  yessels  and  manipulation  than-  the 
preceding,  and  should  only  be  had  recourse  to  firom  necessity;  since  it  compels  us  to 
carry  on  the  manufacture  of  both  the  yaluahlo  alum  and  the  lower-priced  salts  at  the 
iiame  time ;  moreoyer,  the  copperas  extracted  at  first  firom  the  schist  liquors  carries 
with  it»  as  we  haye  said,  a  portion  of  the  sulphate  of  alumina,  and  acquires  thereby  a 
dull  aspect ;  whereas  the  copperas  obtained  after  the  separation  of  the  alum  is  of  a 
brilliant  appearance. 

.  6.  Tk$  Waskinff,  or  Edulooraium,  qf  the  Mum  Powder. — ^This  crystalline  pulyem- 
•lent  matter  has  a  brownish  colour,  fiK>m  the  admixture  of  the  ferruffinous  liquors-;  but 
it  may  be  freed  from  it  by  washing  with  yery  cold  water,  iHiich  dissolyes  not  more 
than  one-eigl^teenth  of  its  weight  of  alum.  After  stirring  the  powder  and  the 
water  well  together,  the  former  must  be  allowed  to  settle,  and  then  the  washing 
«iust  be  drawn  off  A  second  washing  will  render  the  alum  nearly  pure.  The 
less  water  is  employed  and  the  more  eiK«tnally  it  is  drained  ofl^  the  more  complete 
is  the  process.  Tne  second  water  may  be  used  in  the  first  washii^  of  another 
portion  of  alum  powder,  in  the  place  of  ^ure  water.  These  washings  may  be 
added  to  the  schist  lixiyia.  This  powder  is  now  extensiyely  sold  wit£>iit  Auther 
manipulatioiL 

6.  I%e  CryetalUeation.'^ThQ  washed  alum  is  put  into  a  lead  pan,  with  just  enough 
water  to  dissolye  it  at  a  boiling  heat ;  fire  is  applied,  and  the  solution  is  promoted  by 
stirring.  Wheneyer  it  is  dimolyed  in  a  saturated  state,  it  is  run  off  into  the 
crystallising  yessels,  which  are  called  rocking  casks.    These  eask»  are  «bout  fiy# 
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^t  hi^  Ihrdr  feet  inde  at  the  top,  and  somewhat  irider  at  the  bottom ;  they  are 
made  ct  rery  strong  stayes^  nicelj  fitted  to  each  other,  and  held  together  bj  strong 
iratt  hoo^ps,  n^ch  axe  driven  onpro  tejnjM>re,  so  that  they  may  be  easily  knocked  off 
agaii^  in  order  to  take  the  stayes  asunder.  The  ooncentrated  solution,  during  itr 
ahnr  cooling  in  theee  dose  yessels,  forms  large  regular  crystals,  which  hang  down 
from  the  top,  and  project  from  the  sides,  while  a  thick  layer  or  cake  lines  the  whole 
interior  of  the  cask.  At  the  end  of  eight  or  ten  days,  more  or  less  according  to  the 
weather,  the  hoops  and  staves  are  removed,  when  a  cask  of  apparently  solid  alum  is 
disclosed  to  view..  The  workman  now  pierces  this  mass  with  a  pickaxe  at  the  side 
near  the  bottom,  and  allows  the  mother-water  of  the  interior  to  run  off  on  the  sloping 
stone  floor  into  a  proper  cistern,  whence  it  is  taken  and  added  to  another  quantity  of 
washed  j^wder  to  be  czystallised  with  it.  The  alum  is  next  broken  into  lumps, 
exposed  in  a  proper  place  to  dry,  and  is  then  put  into  the  finished  bing  tor  market. 
There  is  sometimes  a  little  insoluble  basic  alum  (sub*suli>hate)  left  at  the  bottom  of 
the  caAm  This,  being  mixed  with  the  former  mother-liquors,  gets  sulphuric  acid 
from  them ;  or,  being  mixed  with  a  little  sulphuric  add,  it  is  equally  converted  into 
alum. 

Mum  lAqmn, — Iji  the  alum  works  on  the  Yorkshire  coast,  dght  different  liquors 
axe  met  with : 

1st.  '  Eaw  Liquor.'    The  caldned  alum-shale  is  stee]^  in  water  till  the  liquor 
has  acquired  a  specific  gravity  of  9  or  10  pennyweights,,  according  to  the  Ian- 
ffuage  of  the  alum-maker. 
2nd.  '  Clarified  liquor.'    The  saw  liquor  is  brought  to  the  boiling  point  in  lead 
pans,  and  suffered  to  stand  in  a  cistem  till  it  has  deared ;  it  is  then  called 
clarified  liquor.    Its  gravity  is  raised  to  10  or  1 1  pennyweights. 
Srd.  '  Concentrated  liquor.'    Clarified  liquor  is  boiled  down  to  about  20  penny<^ 
weights.    This  is  kept  merely  as  a  test  of  the  comparative  value  of  the  potash 
salts  used  by  the  alum-maker. 
4th.  'Alum  Mother-liquor.'     The  alum  pans  are   fed  with  clarified  liquor, 
which  is  boiled  down  t&  about  26  or  80  pennyweights,  when  a  proper  quantity 
of  potash  salt  in  solution  is  mixed  with  it,  and  the  whole  run  into  coolers 
to  crystallise.    The  liquor  pumped  fsom  these  rough  crystals  is  called  '  alum 
mothers.' 
5th.  'Salts  Mothers/    The  alum  mothers  aro  boiled  down  to  a  crystallising 
point,  and  ail(«d  a  crop  of  'Bough  iEpeom,'  which  is  a  sulphate  of  magnesia 
.  and  protoxide  of  iron. 
6th  and  7th.    'Alum  Washings.'     The  rough  crystals  of  alum  (No.  4)  are 
washed  twice  in  water,  the  first  washing  being  about  4  pennyweights,  the 
second  about  2|,  the  difleTence  in  gravity  being  due  to  mother-liquor  clinging 
to  the  crystals. 
8th.  'Tun liquor.'    The  washed  crystals  are  now  dissolved  in  boiling  water, 
and  run  into  the  'roching  tuns'  (wood  yessels  lined  with  lead)  to  crystallise. 
The  mother-liquor  of  the  '  roch  alum '  is  called  '  tun  liquor :'  it  is,  of  course, 
not  quite  so  pure  as  a  solution  of  roch  alum  in  water. 
The  alum-maker's  spedfio-gravity  bottie  holds  80  pennyweights  of  water,  and  by 
10  pennyweights  he  means  10  more  than  water,  or  90. 

inie  numbers  on  Twaddle's  hydrometer,  divided  by  2*5,  give  alum-makers'  penny- 
wdgfats. 

.  Tne  alum-maker  tests  his  samples  of  potash  salts  comparatively  by  dissolving  equal 
weights  of  the  difibrent  samples  in  equal  measures  of  alum  liquor  at  20  pennyweights, 
heated  up  to  the  boiling-point,  and  weighing  the  quantity  of  alum  crystals  produced 
on  cooling. 

.  For  the  above  information  we  are  indebted  to  Mr.  Maurice  Scanlan,  who  super- 
intended for  some  time  the  Mulgrave  Alum  Works. 

According  to  him  6^  tons  of  the  alufn  rock  at  the  Hulgrave  Works,  to  the  north 
of  Whitby,  yield,  alter  caldnation,  &c.,  one  ton  of  alum. 

The  true  value  of  the  Whitby  ^ums  consists  in  the  amount  of  soluble  alumina 
which  they  contain»-and  for  calico-printingalso  in  their  freedom  fsom  iron. 

.  The  alum-shales  net  bein^  very  generally  found  over  the  country,  and  nature 
having  interposed  certain  limits  to  the  amount  manufactured  and  the  speed  of  the 
process^  many.attempte  haire  been  made  to  obtain  alum  and  sulphate  of  alumina  £tom 
other  soufoes;  :  '    :  .  > 

A  number  of  these  jprocesses  will  be  afterwanls  described  in  chronological  order, 
but  the  following  aro  thosi  only'  which  are  at  present  largely  apphed  in  this 
country.  One  of  the  gfreat  advantages  of  the  modem  processes  is  the  rapidity  with 
which  the  alum  can  be  manufactarea ;  thus,  an  ordet  wn  now  be  executed  in  three 
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felted  as  a  t^redptant,  vhen  it  can  b^  procared  at  a  cheap  rate.  It  lias,  also,  the 
adyantage  of  deoomposmg  the  snlphate  of  iron  present  into«  chloride,  a  salt  rery 
difficult  of  crystallisation,  and,  thraef  )re,  less  apt  to  contaminate  the  crystals  of  ahuu. 
Of  late  years  chloride  of  potassinm  has  been  littgely  obtained  from  camallite,  and 
sulphate  of  potash  has  been  procared  firom  kainite,  tyro  minerals  found  in  great 
abundance  in  the  salt-mines  of  Stassfnrt,  in  Prussia.  The  quantity  of  alkaline  salts 
requisite  to  precipitate  the  alum,  in  a  granular  powder,  from  the  liziTium,  depends 
on  their  richness  in  potash  or  ammonia,  on  the  one  hand,  and  on  the  richness  of  the 
liquors  in  sulphate  of  alumina  on  the  other ;  and  this  must  be  ascertained,  for  eadi 
huge  quantity  of  product,  by  a  preliminary  experiment  in  a  precipitation  glass.  Here, 
.  an  aliquot  measure  of  the  aluminous  liquor  being  taken,  the  liquid  precipitant  most 
be  added  in  successiye  portions,  as  lonjg  as  it  causes  any  cloud,  i^en  the  quantity 
added  -will  be  indicated  by  the  graduation  of  the  yessel.  A  yery  exact  approximation 
is  not  practicable  upon  the  great  scale ;  but,  as  the  mother-waters  are  afterwards 
mixed  together  in  one  cistern,  any  excess  of  the  precipitant  at  one  time  is  corrected 
by  excess  of  aluminous  sulphate  at  another,  and  the  resulting  alum-meal  is  collected 
at  the  bottom.  When  the  precipitated  saline  powder  is  thoroughly  settled  and 
.cooled,  the  supernatant  mother-water  must  be  ^wn  off  by  a  pump,  or  rather  a 
syphon  or  stopcock,  into  a  lower  cistern.  The  more  com]^letely  this  drainage  is 
effected,  the  more  easily  and  completely  will  the  alum  be  punfied. 
100  parts  of  alum  are  formed  from  uie  sulphate  of  alumina  liquor, 

by  18-82  of  sulphate  of  potash, 
„  18*86  of  sulphate  of  ammonia, 
or  15*69  of  chloride  of  potassium. 

Sulphate  of  ammonia  is  soluble  inl  of  hot  and  2  of  cold  water;  sulphate  of  potash  in 
nearly  10,  and  chloride  of  potassium  in  8,  of  water  of  oifdinary  temperature ;  alum, 
in  18  parts  of  water,  A  portion  of  the  alum  formed  will  remain  in  solution ;  this 
will  depend  on  the  quantity  of  liquid ;  the  rest  fkUs  as  a  powder. 

This  mother-liquor  has  generally  a  specific  grayity  of  1*4  at  a  medium  tempera- 
ture of  the  atmosphere,  and  consists  of  a  saturated  solution  of  sulphate  or  muriate  of 
black  and  red  oxide  of  iron  with  sulphate  of  magnesia,  in  certain  localities,  and 
chloride  of  sodium,  when  kelp  salts  haye  been  used  as  a  precipitant,  as  also  a  saturated 
solution  of  sulphate  of  alumina.  By  adding  some  of  it,  from  time  to  time,  to  the 
fresh  lixiyia,  a  portion  of  that  sulphate  is  conyerted  into  alum ;  but,  ey«ntually,  the 
mother-water  must  be  eyaporated,  so  as  to  obtain  from  it  a  crop-  of  ferruginous 

Xtals ;  after  which  it  becomes  capable,  once  more,  of  giying  up  its  alum  to  the 
line  precipitants. 
When  the  .aluminous  lixiyia  contain  a  grenjb  deal  of  sulphate  of  iron,  it  may  be  good 
licy  to  withdraw  a  portion  of  it  by  crystallisation  before  precipitating  the  aluuL 
ith  this  yiew  the  liquors  must  be  eyaporated  to  the  density  of  1*4,  and  then  run 
off  into  crystallising  stone  cisterns.  After  the  green  yitriol  ha!s  crystallised,  the  liquor 
should  be  pumped  back  into  the  eyaporatin^  pan,  and  again  brought  to  the  densi^  of 
1*4.  On  adding  to  it,  now,  the  alkalino-sahne  precipitants,  the  sdum  will  fsdl  down 
from  this  concentrated  solution,  in  a  yery  minute  crystalline  powder,  easy  to  wash 
and  purify.  But  this  method  requires  more  yessels  and  manipulation  than-  the 
preceding,  and  should  only  be  had  recourse  to  from  necessity;  since  it  compels  us  to 
carry  on  the  manufacture  of  both  the  yaluablo  alum  and  the  lower-priced  salts  at  the 
iiame  time ;  moreoyer,  the  copperas  extracted  at  first  from  the  schist  liquors  carries 
with  it,  as  we  haye  said,  a  portion  of  the  sulphate  of  alnmina,  and  acquires  thereby  a 
dull  aspect ;  whereas  the  copperas  obtained  after  the  separation  of  the  alnm  is  ot  a 
brilliant  appearance. 

.  6.  The  Washinff,  or  Edvieora^on,  qf  the  Mum  Powder, — This  crystalline  pulyem- 
•lent  matter  has  a  brownish  colour,  fiK>m  the  admixture  of  the  ferruffinous  liquors-;  but 
it  may  be  freed  from  it  by  washing  with  yery  cold  water,  which  dissolyes  not  more 
than  one-eighteenth  of  its  weight  of  alum.  After  stirring  the  powder  and  the 
water  well  together,  the  former  must  be  allowed  to  settle,  and  then  the  washing 
«iust  be  drawn  off  A  second  washing  will  render  the  alum  nearly  pure.  The 
less  water  is  employed  and  the  more  eflfectually  it  is  drained  ofl^  the  more  complete 
is  the  process.  The  second  water  may  be  used  in  the  first  washing  of  another 
portion  of  alum  powder,  in  the  place  of  ^ure  water.  These  washings  may  be 
added  to  the  schist  lixiyia.  This  powder  is  now  extensiyely  sold  without  further 
manipulatioiL 

6.  2%e  CryetaUisatum, — ^The  washed  alum  is  put  into  a  lead  pan,  with  just  enouffh 
water  to  dissolye  it  at  a  boiling  heat ;  fire  is  applied,  and  the  solution  is  promoted  by 
stirring.  Wheneyer  it  is  dissolyed  in  a  saturated  state,  it  is  run  off  into  the 
crystallising  yessels,  which  are  called  rocking  casks.    These  eask»  are  «bout  fiye 
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fyet  hi^  Ihrdr  feet  inde  at  the  top,  and  eomewhat  yiidet  at  the  bottom ;  they  are 
made  of  Teiy  stEong  Btavee^  nicely  fitted  to  each  other,  and  held  together  by  strong. 
mA  hoOpe,  n^ch  axe  driven  onpro  tempore,  so  that  they  may  be  easily  knocked  off 
agaii^  in  order  to  take  the  staves  asnnder.  The  ooncentrated  solution,  during  itr 
alow  cooling  in  these  dose  vessels,  forms  large  regular  crystals,  which  hang  down 
firom  the  top,  and  project  from  the  sides,  while  a  thick  layer  or  cake  lines  the  whole 
interior  of  uie  cask.  At  the  «nd  of  eight  or  ten  days,  more  or  less  according  to  the 
weather,  the  hoops  and  staves  are  removed,  when  a  cask  of  apparently  solid  alum  is 
disdosed  to  view..  The  workman  now  jderces  this  mass  with  a  pickaxe  at  the  side 
near  the  bottom,  and  allows  the  mother-water  of  the  interior  to  run  off  on  the  sloping 
stone  floor  into  a  proper  cistern,  whence  it  is  taken  and  added  to  another  quantity  of 
washed  powder  to  be  crystallised  with  it.  The  alum  is  next  broken  into  lumps, 
exposed  in  a  proper  place  to  dry,  and  is  then  put  into  the  finished  bing  tor  market. 
There  is  sometimes  a  little  insoluble  basic  alum  (sulHSulphate)  left  at  the  bottom  of 
the  cask.  This,  being  mixed  with  the  former  mothers-liquors,  gets  sulphuric  acid 
from  them ;  or,  being  mixed  with  a  little  sulphuric  add,  it  is  equally  converted  into 

Mum  Liqwn, — Jjk  the  alum  works  on  the  Yorkshire  coast*  dght  different  liquors 
are  met  with : 

1st.  '  Eaw  Liquor.'    The  caldned  alum-shale  is  stee]^  in  water  till  the  liquor 
has  acquired  a  specific  gravity  of  9  or  10  pennyweights,. according  to  the  lan- 
guage of  the  alum-maker. 
200.  '  Clarified  liquor.'    The  raw  liquor  is  brought  to  the  boiling  point  in  lead 
pans,  and  suffered  to  stand  in  a  dstem  till  it  has  deared ;  it  is  then  called 
daiified  liquor.    Its  gravity  is  raised  to  10  or  1 1  pennyweights. 
8rd.  '  Concentrated  liquor.'    Clarified  liquor  is  boiled  down  to  about  20  penny-^ 
wei^ts.    This  is.  kept  merely  as  a  test  of  the  comparative  value  of  the  potash 
salts  used  by  the  alum-maker. 
4th.  'Alum  Mothor-Iiquor.'     The  alum  pans  are   fed  with  clarified  liquor, 
iHiich  is  boiled  down  Uy  about  26  or  80  pennyweights,  when  a  proper  quantity 
of  potash  salt  in  solution  is  mixed  with  it,  and  the  whole  run  into  coolers 
to  crystallise.    The  liquor  pumped  fi;om  these  rough  crystals  is  called  '  alum 
mothers.' 

5th.  'Salts  Mothers.'    The  alum  mothers  are  boiled  down  to  a  crystallising 
point,  and  vSoisd  a  crop  of  *Bough  Epeom,'  which  is  a  sulphate  of  magnesia 
.  and  protoxide  of  iron. 
6th  and  7th.    'Alum  Washings.'     The  rough  crystals  of  alum  (No.  4)  are 
washed  twice  in  water,  the  first  washing  beinff  about  4  pennyweights,  the 
second  about  2|,  the  difforence  in  gravity  being  due  to  mother-liquor  dinging 
to  the  om^tals. 
8th.  'Tun liquor.'    The  washed  crystals  are  now  dissolved  in  boiling  water, 
and  run  into  the  'roching  tuns'  (wood  vessels  lined  with  lead)  to  cr^tallise. 
The  mother-liquor  of  the  '  roch  alum '  is  called  '  tun  liquor :'  it  is,  of  course, 
not  quite  so  pure  as  a  solution  of  roch  alum  in  water. 
The  alum-maker's  spedfio-gravity  bottle  holds  80  pennyweights  of  water,  and  by 
10  pennyweights  he  means  10  more  than  water,  or  90. 

The  nnmlMrs  on  Twaddle's  hydrometer,  divided  by  2*5,  give  alum-makers'  penny- 
weiudits. 

.  The  alum-maker  tests  his  samples  of  potash  salts  comparatively  by  dissolving  equal 
wdghts  of  the  diflforent  samples  in  equal  measures  of  alum  liquor  at  20  pennyweights, 
heated  up  to  the  boiling-point,  and  wdghing  the  quantity  of  alum  crystals  produced 
on  cooling. 

-  For  the  above  informatioii  we  are  indebted  to  Mr.  Maurice  Scanlan,  who  super- 
intended for  some  time  the  Mulgrave  Alum  Works. 

According  to  him  6^  tons  of  the  alufn  rock  at  the  Mulgrave  Works,  to  the  north 
of  Whitby,  yield,  after  caldnation,  &c.,  one  ton  of  alum. 

The  true  value  of  the  Whitby  alums  consists  in  the  amount  of  soluble  alumina 
which  they  contain»and  for  calico-printingalso  in  their  freedom  from  iron. 

.  The  a^um-shales  not  bein^  very  generally  found  over  the  country,  and  nature 
having  interposed  certain  limits  to  the  amount  manufactured  and  the  speed  of  the 
process*  many,  attempt!  have  been  made  to  obtain  alum  and  sulphate  of  alumina  £tom 
4>ther  soufoes^     '    :  .  > 

Anumber  of  these  jprooesses  will  be  afterwanls  described  in  chronological,  order, 
but  the  following  are  thosi  oiily  which  are  at  present  largely  apphed  in  this 
country.  One  Of  the  great  advanti^Kes  of  the  modem  processes  is  the  rapidity  wiUi 
which  the  alum  can  be  manufactured ;  thus,  an  ordeir  dun  now  be  executed  in  three 
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weeks  wliieh  fbnnezljr  vonld  hare  occupied  many  months.     Foir  esztaiil  pnrpbsef, 
howeyer,  Uie  dd-fasmoned  Whitby  ahim  is  still  prefeired* 

in.  Mim  Ucawfaatwreffom  Coal-MeMure  ShaU8.—The  mami&ctaie  of  slum  has 
of  late  years  taken  an  ent^y  new  shape,  and  the  two  processes  of  Mr.  Spencs  and 
Mr.  Podiin  have  absorbed  the  whole  of  the  manufactare  in  the  north-west 

Mr.  Spence,  who  has  a  mann&ctory  of  ammonia-alum  lit  Newton  Heath,  near 
Manchester,  called  the  Pendleton  Alum  Works,  has  now  become  the  kxgest  maker  of 
this  substance  in  the  world,  as  his  regular  production  amounts  to  upwaids  of  160 
tons  per  week.  His  method  of  manufiActure  is  also  largely  carried  on  at  Gode,  in 
Yorkshire.  In  Spence's  process,  which  he  patented  fifteen  years  ago,  he  uses  for  the 
production  of  his  sulphate-of-alumina  solution  the  carbonaceous  shale  of  the  coal- 
measures.*  This  substance  contains  fh>m  5  to  10  per  cent  of  carbonaoeous  matter, 
and,  when  ignited  by  a  small  quantity  of  burning  coal,  the  combustion  continues  of 
itself.  The  raw  shale  is  |nled  in  heaps  about  20  feet  long,  4  or  5  feet  hi^  and  2  or 
8  feet  broad.  To  supply  air  during  llie  calcination  of  the  shale,  a  brick  arain  is  con- 
structed under  eadi  neap.  The  ^dnation  occupies  about  ten  days,  and  must  be 
conducted  below  a  red  heat;  at  higher  temperatures,  the  material  has  a  tenden<7  to 
Titrifj^,  and  the  altmiina  thus  becomes  insoluble  in  sulphuric  acid.  After  calcination, 
the  shale  is  removed  to  the  pans,  in  whidi  it  is  treated  with  oil  of  TitrioL  These 
pans  axe  eacJi  about  40  feet  long,  10  feet  wide,  and  8  feet  deep^  They  are  constructed 
of  sheets  of  cast  iron,  screwed  together,  and  lined  with  lead,  and  the  bottom  of  each 
pan  beforo  use  is  coTered  with  eaithen  tiles  about  9  inches  square.  A  charge  of  20 
ions  of  calcined  shale  is  introduced  into  each  pan,  and  digested  with  about  10  tons  of 
on  of  Titriol,  of  specific  gravity  1*26,  which  aissolres  out  the  alumina  of  the  shale. 
The  digestion  is  conducted  at  a  temperature  of  220^  F.,  this  temperature  being  main- 
tained partly  by  fires  under  the  pans,  and  partly  by  the  introduction  of  hot  gaseous 
ammonia  evolved  firom  the  gas-liquor  evi^)orat6d  in  boilers.  A  double  sulphate  ofi 
alumina  and  ammonia,  or  ammonia-alum,  is  thus  formed.  After  being  heated  for 
four  or  five  davs,  the  liquor  is  drawn  off  into  the  coolers,  which  are  large  shidlow  rec- 
tangular vessus  of  lead,  each  about  29  feet  long,  17  feet  wide,  and  1}  feet  deep.  In 
these  vessels  the  liquid  is  kept  in  constant  agitation  by  means  of  a  long  wooden  arm, 
worked  by  steam.  The  formation  of  large  crystals  is  thus  prevented ;  but  after  the 
la]pse  of  about  fourteen  hours,  the  small  crystals,  which  then  form  a  bed  several  inches 
thick  at  the  bottom  of  the  vessel,  aro  removed,  and  thrown  into  a  large  squaro  box, 
lined  with  lead,  in  which  they  are  washed  with  the  mother-liquor,  and  having  drained 
are  thrown  upon  an  iron  grating  formed  of  bars  set  about  half-an-inch  apart  The 
masses  of  cr^vtals  aro  thus  broken,  and  the  mother-liquor  washed  out  'Ae  crystals 
are  then  transferred  to  a  cylindrical  vessel,  two  or  three  feet  hig^  and  about  2  feet 
in  diameter.  This  vessel  has  two  divisions,  one  open  and  the  other  dosed.  The 
alum  is  placed  in  the  open  compartment  and  dissolved  by  means  of  steam,  introduced 
at  a  pressure  of  about  20  lbs.  per  square  inch,  through  holes  in  a  coil  oS  leaden  ppe 
at  tiie  bottom  of  this  division  of  the  vessel.  A  pipe  kads  from  the  top  of  the  cylinder 
to  a  wooden  vessel,  called  the  dissolving  box,  which  receives  the  solution  of  alum 
before  it  is  dnwn  off  into  the  roching  pans.  This  box  is  8  feet  deeis  14  feet  long, 
and  8  feet  broad;  it  is  covered  -mm  boards,  the  joints  between  which  aro  dosely 
packed  with  cotton  waste.  After  the  solution  has  remained  for  some  hours  in  this 
vessel,  a  quantity  of  size — about  4  quarts — ^is  poured  in,  and  the  suspended  impuriUes 
aro  thus  caused  to  settle.  The  dear  solution  is  tapped  off  £rom  the  dissolving  box 
into  the  crystallising  tubs ;  each  tub  is  about  6  fiset  mgh,  and  wider  below  than  above. 
At  the  bottom  of  each  tub  is  a  round  flagstone,  upon  which  the  staves  of  the  tub, 
lined  with  lead,  are  built  up  and  kept  in  place  by  strong  iron  hoops  screwed  together. 
The  hot  solution  is  run  into  these  tubs,  and  protected  by  a  wooden  cover.  After 
standing  fbr  about  forty  days,  a  sufSdent  thickness  of  alum  will  have  crystallised  to 
allow  the  sides  of  the  tub  to  be  taken  down,  ^e  block  is  allowed  to  stand  for  about 
a  f ortDU^t  longer,  and  «  hole  is  then  made  in  the  lower  part  of  the  blodk,  through 
v^dbiwe  mother-liquor  runs  out  &nd  is  received  in  tanks.  On  breaking  open  the 
blodc,  the  sides  of  the  internal  cavity^  aro  found  to  be  studded  with  fine  octahedral 
crystals,  tvesentang  a  slig^t^  violet  tinge.    These  blo^  weigih  about  4  tons  each. 

IV.  Jium  Mant^aeture  fiom  Mineral  Photphatet, — ^In  1870  Mr.  Peter  Spence 
•patented  a  novel  process  for  manufacturing  alum,  using  as  his  raw  mateonal  a  phos- 
phate of  alumina  and  iron  obtained  from  the  Island  of  Kedonda,  near  Antigua,  in  the 
West  Indies ;  other  mineral  phosphates  containing  alumina  may/  however,  be 
employed.'     The  process  has  special  value,  since  not  only  is  the  akmina  of  the 

'   ■  TUsdMorlptionef  Spence's  nooMi  iitalcmifram  apai«on 'ThePStt  a^ 
Q(Alimi,'l7J.OartarBa,Beq.F.OA,AsK>ciatoof  iheRo}rai8<diooloClflMi»  •GbnioalNewa,' 
VDl.adi.l86S,pp.9ll,SS4. 
•  QpedflcaHon  of  Patenfts,  A  J>.  1870,  No.  167S. 
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.adaenl  ^Sfolred  oat  by  aiilpliiizio  odd,  and  naed  in  the  maon&ctae  of  alnm»  but 
thephosplioric  add  set  free  fonns  a  big^j  Talnable  bj-pK)dnct. 

l£e  firilowing  aoaljiia  may  be  omd  as  that  of  a  good  sample  of  the  Bedonda 
phos^iate: — 

Fhoe^borieadd    , 42*6 

Ahunina 36*1 

Pteoodde  of  Iron  •••••••      3*5 

SOica 2*1 

Water 25^ 

99-5 

The  Bdnersl  is  Urst  caldned  at  a  red  heat,  irfaereby  the  water  is  expelled,  and  the 
material  rendered  poroos,  so  as  to  be  more  fteely  acted  on  by  snl^nric  add.  If 
desiiable,  the  caldnation  may  be  dispensed  vith,  and  the  raw  material  merely  pre- 
pared b^  grinding.  In  dther  case  the  phosphate  is  digested  in  leaden  yessels  with 
«alplmnc  add  ci  spedfio  grayity  1  '6. 

Ihe  proportion  of  sulphuric  add  raries  with  the  richness  of  the  mineral  in  alnmina ; 
thns,  if  it  contain  20  per  cent,  of  alnmina,  an  eqnal  weight  of  add  will  be  need ;  if 
ovlj  12  per  cent  of  alnmina,  abont  three-fifths  its  weight  of  add ;  and  so  forth.  To 
facilitate  solution  of  the  mineral  by  the  add,  heat  is  applied — ^moet  conyenientl^  by 
blowing  steam  into  the  yeesel.  As  solution  proceeds,  the  density  of  the  liquid  nsee, 
and  the  strength  of  the  liquor  is  then  reduced  by  add^nf;  water,  or  weak  liquors  from 
subeequent  stegee  of  the  process,  and  the  liquid  is  boiled  until  its  spedflc  grayity 
ultimately  reaves  1*45,  or  90^  Twaddle.  This  liquid  is  then  transferred  to  a  dosed 
leaden  yessel,  and  ammoniacal  yapour  from  gas-liquor  is  distilled  into  it.  The 
sulphate  of  ammonia  thus  formed  combines  with  the  sulphate  of  alumina  to  form 
ammonia-alum.  From  600  to  900  gallons  of  gas-liquor  are  used  to  each  ton  of 
phosphate.  After  introduction  of  ammonia,  the  liquor  is  allowed  to  settle,  and  the 
clear  solution,  which  has  now  a  specific  grayi^of  1*4,  or  80^  Twaddle,  is  run  into 
leaden  coolers,  where  the  alum  crystallises,  when  the  phosphate  contains  20  per 
cent,  of  alumina^  it  yields  about  a  ton-and-a-half  of  alum  per  ton.  One  of  the  ^;reat 
difficulties  in  this  process  consists  in  completely  fireeing  the  alum  from  the  associated 
phosphoric  add. 

WnUst  the  alumina  of  the  phosphate  is  thus  utilised  for  the  production  of  alum, 
the  i^osphoric  add,  which  is  at  the  same  time  eliminated,  forms  a  product  of  high 
yalue  to  the  agricidturist.  Indeed  the  mother-liquor  from  which  tne  alum  is  de- 
posited consists  chiefly  of  a  solution  of  phosphoric  add,  with  a  small  proportion  of 
sulphate  of  alumina,  iron,  and  sulnhate  or  phosphate  of  ammonia.  This  bquid  may 
be  used  as  a  fertilising  agent  dther  directly  or  mado  into  an  artifidal  manure  by 
being  absorbed  in  sawmist  and  dried  at  a  low  heat 

We  belieye  that  Mr.  Spence's  new  process  is  now  carried  out  on  a  large  scale  at 
the  Pendleton  Alum  Works* 

Ot^  Methods  of  AhMi  Manttfaoiure,'-^ltk  addition  to  the  fbur  prindpal  processes 
of  manufsictore  alrea^  described,  numerous  other  methods  haye  from  time  to  time 
been  proposed,  and  in  some  cases  worked  to  a  limited  extent  The  more  important 
€i  these  sugeested  improrements  are  induded  in  the  following  notices,  which  are 
arranged  in  doronological  order. 

In  1743,  Ambrose  .Kewton  wishecl  to  economise  the  manufacture  by  boiling  the 
scum  of  the  alum  woi^ks,  t^e  muddy  deposit  in  Yorkshire,  and  adding  to  the  concen- 
trated solution  o£  45  jwnnywdghts,  stale  urine,  which  is  ammonia,  until  the  solution 
became  27  pennywei^ts. .  The  liquor  st^mds  'for  four  days,  and  strikes  out  into 
small  allom,  and  afterwards  melted  and.roached  into  casks,  which  stand  14  days,  and 
are  tsken  down  and  the  allom  is  finished.' 

Another  patent  in  1765,  by  Holme,  Grouper,  and  two  Nidiolsons,  uses  stale  urine 
and  kelp  liqnor.  They  seem  to  use,  b^  a  mistake  in  names,  iron  pyrites  only  for  their 
alum,  but  no  doubt  it  contained  both  iron  and  alumina.  They  took  advantage  of  the 
potash,  and  perhaps  also  of  the  soda,  of  the  kelp. 

In  1780,  Matthew  Sanderson  patented  a  plan  for  making  alum  by  burning  the 
metallic  snlphurets,  obtaining  the  sulphuric  add,  and  uniting  it  with  aluminous  earth 
— a  &r-seeixig  plan,  not  till  long  after  adopted. 

In  1794  Lora  Dnndonald  patented  a  process  for '  washing  aluminous,  yitriolic^  or 
pyritous  schist  or  materials  with  sea-water  or  solutions  of  suts  containing  muriate  of 
soda,'  or  nixing  muriate  of  soda  with  aluminous  or  yitriolated  salts  or  pjritous 
substances.  He  also  proposed  the  use  of  muriatic  add.  It  is  probable,  then,  that 
both  a  soda-  and  an  ammonia-alum  haye  been  manu&etaed  when  the  whole  method 
wae  not  yery  dearly  understood. 
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Maoaner,  FonroMj,  and  Vait^elin  haying  disoorered  the  component  parte  of  alnm, 
Chaptal  made  it  from  its  elements,  nsing  daj.  He  says,  *  Pure  day  upon  irhich  the 
sulphnric  add  is'  digested  is  dissolved  -with  difficulty.'  He  then  says,  *  I  calcine  my 
days,  and  reduce  them  into  small  pieces,  vhich  I  spread  on  the  floor  of  my  leaden 
chambers.  The  sulphuric  ac^d,  i^ch  is  formed  Jby'  Combustion  of  a  mixture  of 
sulphur  and  saltpeti^,  expands,  itself  in  the  cavity  of  Uiese  chambers,  and  exists  for  a 
certain  time  in  tne  vaporous  fi^rm.  .  In  this  form  it^h^s  a  stronger  action  than  when 
it  has  been  weakened  by  the  mpcturq  of  a  .quantity  of  -wat^  more  or  less  considerable, 
so  that  it  seises  the  earths,  coipbinep  with  theqi,  cai)ses  tjiem  po  increase  in  bulk  by 
the  eflforvescence  wkich  takes  place,  and  at  the  end  of  several  days  the  whole 
sui&ce  exposed  to  the  vapour  is  converted  into  alum.  Care  is  taken  to  stir  these 
earths  from  time  to  time,  that  they  may  snoeessivelv  present  all  their  snrfi&ces  to  the 
action  of  the  add.'  *  But  whatever  process  may  be  used  to  combine  the  add  with 
day,  it  is  necessary  to  expose  the  aluminised  earths  to  the  air  during  a  greater  or 
less  space  of  time,  in  order  that  the  combination  may  be  more  accurate,  and  the  satu- 
ration more  complete.'  This  is,  in  fact,  the  mode  of  making  the  sulphate  of  alumina. 
It  was  then  dissolved  in  water,  drawn  off  dear,  to  free  it  from  the  silica  and  undis- 
solved matter,  mixed  with  sulphate  of  potash,  evaporated,  and  crystallised. 

The  manufiicture  of  the  alum  from  day  seems  to  have  been  a  good  deal  used  in 
France.  Their  method  at  present,  acoradinpf  to  Begnault,  is  as  follows: — 'They 
choose  days,  such  as  kaolins,  which  contain  httle  iron.  The  davs  are  then  caldned 
at  a  low  red  heat  in  a  furnace ;  they  are  ground  to  powder  in  a  mill,  and  mixed  with 
half  their  weight  of  sulphuric  add  of  1*45  spednc  g^vity.  The  mixture  is  then 
heated  in  another  furnace  until  the  sulphuric  add  begms  to  evaporate.  It  is  then 
taken,  out,  and  left  to  stand  for  several  days.'  After  some  time  the  combination 
beconies  intimate,  and  the  usual  OMthod  of  removing  the  sulj^te  of  alumina  from 
the  insoluble  matter  is  resorted  to,  and  the  potash,  or  ammonia-salt,  is  added,  to 
convert  it  into  alum. 

The  most  usual  method  has  been  to  allow  it  to  stand  some  weeks,  or  months,  until 
the  combination  has  been  eflfocted.  This  has  partially  arisen  from  a  supposition  of 
the  neoessiU  of  giving  it  as  mudi  time  as  is  needful  with  the  shales,  as  it  was  not 
known  until  latdy  how  completely  the  add  may  decompose  the  da^ 

A  patent  was  obtained  in  Kovember,  1839,  by  Mr.  William  Wiesmann,  of  Dues- 
buxg,  for  improvements  in  the  manufacture  of  alum.  He  subjects  potters'  clay 
to  a  moderate  red  heat,  grinds  it,  and  subjects  the  j)owder,  in  leaden  pans,  to  the 
action  of  concentrated  sulphuric  add  (G6°  B.),  taking  care  to  use  excess  of  dav 
and  a  moderate  heat.  The  mixture  is  to  be  stirred  tul  it  is  dry,  then  treated  with 
boiling  water,  in  order  to  dissolve  the  sulphate  of  alumina  formed.  So  far  the  no- 
cess  is  old  and  well  known.  The  novelty  consists  in  freeing  the  saline  solution  nrom 
iron  by  ferroc^nide  of  potassium  (prussiate  of  potash]^  When  the  iron  has  been  all 
thrown  down  in  the  form  of  Prussian-blue,  the  liquor  is  allowed  to  settle,  the  super- 
natant pure  sulphate  is  drawn  oflE;  and  evaporated  till  it  forms,  on  cooling,  a  concrete 
mass,  which  may  be  moulded  into  the  snaps  of  bricks,  &c,  for  the  convenience  of 
paddnff.  This  was  manufactured  at  Lee-Moor,  near  Plympton,  on  a  smaU  scale ; 
but  it  IS  no  longer  made  in  this  country.  Dr.  Muspratt's  analysis  made  it  a  basic 
sulphate -2A1^*.  680* +83  Aq*;  ^  ^^  ^^  that  manufacturers  objected  to  it 
because  it  was  imposdble  to  judge  of  its  purity  by  its  merely  physical  appearance. 
Mohr's  analysis  gave— 

Alumina 18*91 

Sulphuric  add 86*24 

Water 49*60 

Sulphate  of  potash 1*50 

Bv  having  an  excess  of  clay,  Wiesmann  intended  to  have  all  his  add  saturated. 
Sb  found  tuit  he  could  not  dissolve  all  the  alumina  hj  using  only  its  equivalent  of 
add ;  he  preferred,  therefore,  to  lose  some  of  the  alununa,  as  in  the  other  processes. 

Hervey  s  ]^tent  of  1839.— Clay  is  dried,  ground,  and  sieved ;  it  is  then  mixed 
with  sulphuric  add  of  from  10^  to  80^  Twad.,  and  firom  i  to  an  equal  quantity  of  day, 
used  aooor^ng  to  its  quality.  The  mixture  is  then  well  stirred ;  a  great  ebullition 
ensues,  and  after  ebullition  it  is  again  stirred.  This  is  the  formation  of  the  sulphate 
of  alumina,  which  is  washed  out,  and  made  into  alum  in  the  ordinary  way. 
.  .  In  1^42-  Mr.  Turner  patented  a  method,  said  to  be  originally  Sprengel's  proposal,  of 
e^ctractiuff  the  alumina  and  potash  from  felspar  to  make  alum.  The  felsw  is  heated 
with  sulphate  of  potash  to  mdting,  then  carbonate  of  potash  is  added.  This  gives  a 
soluble  glass,  which,  in  boiling  water,  takes  up  two-thirds  of  the  silica  and  as  much 
potash  as  was  added  to  the  felspar.  This  being  heated  with  carbonic  add,  gives  a 
gelatinous  mass  of  siHca.    When  dried,  the  car^nate  of  potash  may  be  washed  out 
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The  insoliible  portion  <^  the  glaM  contains  the  original  fel^ar,  mimis  two-tlurdi  of 
its  silica — a  udxt,  pozoos  substance,  similar  in  com^sition  to  elaolite.  This  is 
boiled  -with  sulfuric  add  of  1*2  spedfie  gravity.  The  intense  heat  needed  has  pre- 
Tented  the  snooess  of  this  process. 

In  1842  Eagenbnsch  proposed  to  cover  the  schist  over  with  a  plastering  of  day, 
or  mnd,  for  several  months,  and  iraBh  -with  water;  then  to  have  it  bnmt  in  kilns 
fitted  with  air-holes.  In  this  process  tnrf  is  nsed,  on  which  the  schist  rests.  The 
air^les  regulate  the  combustion,  whidi  lasts  three  days.  He  uses  kelp  to  obtain  the 
alkaU. 

In  1850  J.  T.  Wilson  proposed  a  method  of  collecting  the  ammonia  firom  smoke, 
and  using  it  in  making  ammonia-alunu  What  is  wanting,  he  supi^ements  by  potash 
salts,  causing  a  mixed  potash-  and  ammonia-alum  to  be  manufo^ured. 

In  1864  lUchardson  adds  iron  pyrites,  to  increase  the  amount  of  sulphur,  and,  con- 
sequently, of  sulphuric  add,  in  the  shale ;  but  it  does  not  seem  to  have  been  used. 

In  1855  Dr.  irankland  predpitated  the  subsulphato  of  alumina,  and  added  sul- 
phuric add,  thus  obtaining  the  base  by  a  small  expenditure  of  precipitant. 

In  1856  J.  Metcalf  makes  a  cake  similar  to  the  alum-cake  described  at  p.  122 ;  but 
he  uses  coarse  day. 

In  1856  Henry  Pease  and  Thomas  Richardson  mix  day  with  chloride  of  potassium 
or  with  common  salt;  they  convert  both  into  sulphates;  the  muriatic  acia  set  free 
dissolves  the  alumina,  and  the  chloride  of  aluminium  formed  is  used  as  alum. 

In  1856  Spilsburg^s  patent  purposed  to  make  alum  firom  cryolite. 

The  Boghead  Cannel-coal  ash  contains  about  30  pr  cent,  of  alumina,  which  it  has 
been  proposed  to  dissolve  for  making  alum ;  but  it  has  not  hitherto  been  found  a  con- 
Tenient  materiaL 

Among  the  modem  methods  adopted  for  manufacturing  alum  on  the  Continent, 
some  of  the  more  inteinsdng  are  those  in  which  cryolite  is  the  raw  material  (see 
Cstqutb).  According  to  Thomson's  method  the  cryolite  is  ignited  with  carbonate  of 
lime,  wh^by  aluminate  of  soda  and  fluoride  of  caldum  are  ]produced ;  the  former 
being  soluble  and  the  latter  insoluble  in  water.  The  alununate  is,  therefore,  dissolved 
<mt,  and  a  current  of  carbonic  acid  gas  transmitted  through  the  solution.  A  gelatinous 
predpitate  of  alundna  is  thus  thrown  down,  while  carbonate  of  soda  remains  in 
solution.  ^  Or  bicarbonate  of  soda  may  be  added  to  the  solution  of  the  aluminate,  and 
the  alumina  thus  predpitated  in  a  compact  form.  The  alumina  obtained  by  either  of 
these  methods  is  mssolved  in  dilute  sulphuric  add,  and  the  sulphate  of  alumina  thus 
formed  is  converted  into  alum. 

In  another  process,  intzoduced  by  Sauerwdn,  the  cryolite  having  been  powdered,  is 
boiled  with  water  and  lime ;  and,  as  before,  aluminate  of  soda  and  flnorioe  of  caldum 
are  obtained.  The  solution  of  aluminate  is  mixed  with  an  excess  of  fineljr-powdered 
cryoUte,  whereby  alumina  and  fluoride  of  sodium  are  produced.  The  alumina  is  then 
converted  into  sulj^te,  and  this  into  alum,  as  previously  described. 
.  Sulphate  of  alumina  may  also  be  obtained  trfxai  cryolite  by  treating  it  directly  with 
suli^urie  add. 

Alum  has  likewise  been  prepared  from  the  mineral  called  Bauxite,  which,  on  igni- 
tion with  sulphate  of  soda  and  charcoal,  yields  sulphate  of  alumina.  Again,  blast- 
ftirnace  slag  may  be  employed  as  the  raw  material ;  the  slag,  treated  with  hydrochloric 
add,  yields  chloride  of  aluminium,  from,  which  alumina  may  readily  be  predpitated.  • 

Alum  has  been  made  extensively  in  England  and  France  from  an  artifldal  sulphate 
of  alumina,  prepared  from  clays  which  are  chosen  as  free  as  posdble  from  carbonate 
of  lime  and  oxioe  of  iron.  They  are  caldned  in  a  reverberatory  furnace,  in  order  to 
expel  the  water,  to  peroxidise  the  iron,  and  to  render  the  alumina  more  easily  acted 
on  by  the  add.  The  expulsion  of  the  water  renders  the  clay  porous  and  capable  of 
absorbing  the  sulphuric  add  by  capiUary  attraction.  The  peroxidation  of  the  iron 
renders  it  less  soluble  in  the  sulphuric  acid ;  and  the  silica  of  the  day,  bv  reacting  on 
the  ahunina,  impairs  its  aggregation,  and  makes  it  more  readily  attracted  by  the  add. 
The  clay  should  therefonTbe  moderately  caldned ;  but  not  so  as  to  indurate  it  like 
pottery-wacrs,  for  certain  combinations  would  then  be  effected  which  would  make  it 
resist  the  action  of  adds.  The  dav  is  usually  calcined  in  a  reverberatory  furnace, 
the  flame  of  which  serves  afterwards  to  heat  trwo  evaporating  pans  and  a  basin  for 
containing  a  mixture  of  the  caldned  da^  and  sulphuric  ad£  As  soon  as  the  day 
has  becoAie  friable  5n  the  fbmaoe  it  is  taken  out,  reduced  to  powder,  and  passed 
through  a  fine  sieve.  With  100  parts  of  tha  pulverised  clay,  45  parts  of  sulphuric 
add,  of  spedfie  gravi^  1*45,  are  well  mixed,  in  a  stone  basin,  arched  over  with  orick- 
work.  Qjie  flame  and  hot  air  of  the  reverberatory  furnace  are  made  to  play  along  th^ 
mixture,  in  the  same  way  as  described  for  evaporating  alum-schist  liquors.  (See 
.SopA.)  The  mixture,  being  stirred  from  time  to  time,  is  at  the  end  of  a  few  days  tp 
be  raked  out,  and  to  be  set  aside  in  a  warm  place,  for  the  add  to  work  on  the  clay. 
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dtzing  dlz  or  ei^t  ireeks.  At  the  end  of  this  time,  it  intuit  be  crashed,  to  extndt  tilid 
snlphate  of  alnmina.  .  With  this  riew,  it  maj  be  treated  like  the  roasted  ahun  ores 
previonalj  described.  If  potash-alum  is  to  be  formed,  this  sulphate  of  alumina  is 
evaporateid  to  the  specific  grayity  of  1  *38 ;  but  if  ammonia-alum,  to  the  specifio  fOiYitj 
of  only  1*24 ;  becanse  the  sulphate  of  ammonia,  being  soluble  in  twice  its  weight  of 
water,  will  cause  a  precipitation  of  pnlyemlent  alum  from  a  weaker  solution  of  sul- 
phate of  alumina  than  the  less  soluble  sulphate  of  potash  could  do. 

In  preparing  alum  from  day  or  shale,  it  is  of  infinite  importance  that  so  much  and 
no  more  heat  be  applied  to  the  da^  or  shale,  in  the  first  instance,  as  will  just  expel 
the  water  of  combination  without  inducinff  contraction.  A  temperature  of  600^  F.  is 
well  adaj^ted  to  efifoct  this  object,  prorided  it  be  maintained  for  a  suffident  period. 
When  this  has  been  careftdly  done,  the  silicate  of  alnmina  remaining  is  easily  enough 
acted  upon  bv  sulphuric  add,  either  slightly  diluted  or  of  the  ordinaiy  commercial 
strength,  tiie  best  form  of  apparatus  is  a  leaden  boiler,  dirided  into  two  parts  by  a 
perforated  sej^tom  or  partition,  also  in  lead ;  though  on  a  Teiy  laise  scale,  brickwork 
set  in  day  might  be  emploTed.  Into  one  of  the  compartments  the  roasted  day  or 
shale  should  be  put,  and  diluted  sulphuric  add  being  added,  the  bottom  of  the  other 
comportment  may  be  exposed  to  the  action  of  a  well-r^TolAted  fibre,  or,  what  is 
better,  heated  by  means  of  steam  through  the  agency  of  a  coil  of  leaden  pipe.  In 
this  way  a  dreulation  of  the  fluid  takes  place  throughout  the  mass  of  shale ;  and,  as 
the  alumina  dissolves,  the  dense  fluid  it  inroduoes,  falling  continually  towards  the 
bottom  of  the  boiler,  is  replaced  by  dilute  add,  which,  beoomingin  its  torn  saturated, 
fftlls  like  the  first ;  and  so  on  in  succession,  until  either  the  whole  of  the  alumina  is 
taken  up,  or  the  add  in  great  part  neutralised.  The  solution  of  sulphate  of  alumina 
thus  obtained  is  sometimes  evaporated  to  dryness,  and  sold  under  the  name  of '  concen-* 
trated  alum ;  *  but  more  generally  it  is  boiled  down  until  of  the  spedfio  gravity  of 
about  1*35 ;  then  one  or  other  of  the  carbonates  or  sulphates  of  potash  or  ammonia, 
or  chloride  of  either  base,  or  a  mixture  of  these,  is  aaded  to  the  boiHng  fluid,  and 
as  soon  as  the  solution  is  complete,  the  whole  is  run  out  into  a  cooler  to  crvstallise. 
The  rou^h  alum  thus  made  is  sometimes  purified  by  a  subsequent  reerystauisation, 
after  which  it  is  '  roched'  for  the  market— a  process  intended  merely  to  give  it  the 
ordinary  commercial  aspect,  but  of  no  real  value  in  a  chemical  point  of  view. 

Aktm  Cake, — ^This  substance  owes  its  value  to  the  amount  of  sulphate  of  alumina 
it  contains,  and  is  in  fact  another  means  of  making  soluble  alumina  accessible.  We 
have  already  seen  the  many  attmnpts  to  obtain  alumina  ftom  day,  and  the  tedious 
nature  of  the  operation  of  solution  in  add,  as  well  as  the  long  aft^prooesses  of  lixi- 
viation  and  conversion  into  dtdphate  of  alumina,  or  into  alum,  by  xeboiling  or 
crystallising.  Mr.  Pochin,  of  Manchester,  has  found  a  method  of  removing  all  the 
diflScolties,  both  of  the  first  and  after  processes.  He  uses  very  fine  diina  day,  ficee 
firom  iron,  heats  it  in  a  fdmace,  mixes  it  thoroughly  with  add,  and  finds  that,  when 
the  process  is  managed  careAilly,  the  combination  of  the  alumina  and  sulphuric  add 
is  not  only  complete,  but  so  violent  that  he  is  obliged  to  dilute  his  add  considfiiablv, 
in  order  to  calm  the  action.  When  mixed,  it  is  passed  into  dstems  with  moveable 
sides,  where,  in  a  few  minutes,  it  heats  violently  and  boils.  The  thidc  liquid 
gradually  becomes  thicker,  until  it  is  converted  into  a  solid  porous  mass — the  pores 
odng  made  by  the  bubbles  of  steam  which  rise  in  the  mass,  which  is  not  fiuid  enough 
to  contract  to  its  original  volume.  The  porous  mass  is  perfectly  dfv,  although 
retaining  a  large  amount  of  combined  water.  It  retains,  of  course,  all  the  silica  of 
the  original  dav,  but  this  is  in  such  fine  division  that  every  partide  appears 
liomogeneous.  The  silica  gives  it  a  dryness  to  the  touch  not  easily  gained  by  the 
sulphate  only. 

When  pure  sulphate  of  alumina  is  wanted  in  solution,  the  silica  is  allowed  to  pre* 
dpitate  before  using  it,  but,  in  many  cases,  the  fine  silica  is  no  hindrance ;  then  the 
solution  is  made  use  of  at  once. 

Some  quantity  of  alum  has  been  exported  firom  Ohina,  diiefly  to  India,  within  a 
short  penod.    The  Chinese  use  alum  very  largely  in  their  cements. 

The  alum  mines  are  in  the  neighbourhood  of  Peh-kwan  harbour,  2^  9'  KK'  N., 
12^  82^  6"  £.  Ten  alum-making  establishments  appear  to  exist  there,  and  the  pro- 
cess, as  described  in  the  North  CkSna  Mail,  is  similar  to  that  employed  where,  in  this 
country,  the  alum-shale  is  used. 

A&UM  MAMTMm  A  variety  of  aluminous  schist  found  assodated  with  the 
lignites  of  the  tertiary  beds,  especially  on  the  Bhine. 

JkXUMf  TMATBMMLb  a  hydrated  sulphate  of  protoxide  and  ses^oxide  of  iron, 
called  by  Bana  Satatrichite,  The  name  *  feather  alum '  is  also  sometimes  applied  to 
a  hydrated  sulphate  of  alumina,  known  also  as  AUtnogen.  The  latter  is  found 
oy^tallised  in  a  dose  mass  of  fine,  white,  fiexible  needles,  of  a  feather  or  hair  form, 
and  hu  been,  like  a  farw  other  substances,  called  Aotr-so/^    It  is  also  found  'with 
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Tsrikms  defiife68  of  impnzHyy  sometiiiids  with  &  smiillet  ftmbunA  of  Trater.    Knapp  Ijas 
collected  the  lii^t  of  aoalyses  shown  in  the  Table : — 

jMoijfMi  qfNdtvral  BidphaU  ofAlwmma  or  Feather  Mum. 


tabhn 
Alnmhift 


Farozicle 

OCIVOKI* 

Fzotoside 


Protoadte 


•Sod*. 

Magnerift     <H)M 
MoBatio 


46-COO 


le^KM) 


Water 


MHUO 


40« 
14*86 


1-lS 

0^ 

0*40 

1*18 

40*M 


lOOHK) 


8«^ 
14*68 


f68 


0*U 


1*87 
44*M 


100*88 


87*880 
14*8«7 


3^468 


0*315 
0*149 


48*164 


100*288 


88*no 

11*778 


0*667 


1*018 
0*834 


0*640 
0*378 


47*083 


96*483 


86*687 
11*337 


0*718 


0*807 
0*480 


0*4491 
1*913 


0*480 

48*847 


100*000 


88*58 

88-75 


4-80^78 


100*11 


13*9 
41*5 


8*6 
43*1 


100*0 


85*873 
14-645 


0*500 


3-368 


0*100 
46*875 


99*754 


path 


40*435 
10*485 


8*580 

I 


1*373 


86*395 


85*68 

17*09 


Oxide 

ofOop' 


i 


0*50 
46*70 


96*904   99-96 


This  tem  indndet  seteral  compounds  of  sulphate  of 
alumina  with  the  snlphate  of  some  other  baso>  as  magnesia,  potash,  soda,  the  pro* 
tooddes  of  iron^  manganese,  &e.  They  oecor  generally  as  effl<»eseences,  or  in  fibrous 
masses ;  when  crystallised  th^assnme  octahedral  forms ;  they  are  soluble  in  water, 
snd  haTO  an  astringent  taste.  The  following  spedeo  are  the  chief  native  alnms,  but  it 
should  be  nndeistood  that  the  proportion  of  water  of  ccystaUisation  is  not  the  same  in 
all,  and  hence  in  some  cases  they  cannot  be  brwig^t  wiuiin  the  general  formnla  giren 
under  the  aztiele  Axuic 

KaUmUt  or  Potash  Alnm,  fonnd  as  ail  effloresoenee  on  alum-slate  at  Whitby,  Hurlet 
andCampsie. 

.  Mofdonief  or  Soda-alu]n»  ibund  in  South  America.    The  following  analyses  may 
be  cited : — 


Sodorclumfrotit  JPisru^  hy  7.  Tionuon, 

.  Sulphate  of  soda    •       »       »  6*60 

Alumina        .        •        .        •  22*55 

Sulphuric  add       •       •       .  82-95 

Water 39*20 

101*20 


Sodd'OlumJrom  the  Andes  * 


Snlphuric  add 
Alumina 
Soda    . 
Water. 
Silica  • 
lime   . 
Peroxide  of  iron 
BoDtozide  of  iron 


^ohermigitet  or  Ammonia-ftIum»  Ibund  at  Tsehermig  in 
been  mads  of  specunens  fiom  Tsehermig^  by  Stromeyer : — 


36*190 
11-611 
7-269 
43*819 
0*180 
0*265 
0*199 
0*760 


100*163 
Analyses  haTS 


^Iwm^Tm        •     .     • 

.       .    11-602 

Ammonia    •       • 

.        •      8-721 

Ma^^nesia     . 

.        .      0-115 

Sulphuric  add     • 

.    86*065 

Water. 

,        .    48*390 

99*898 


Sulphate  of  alumina  • 

Sulphate  of  ammonia  • 

Snlphate  of  magnesia  • 
Water* 


38-688 

12*478 

0*337 

48-890 

99*898 


TiekerkigiU^  or  Uagnesia-alum,  found  near  Iquique  in  Pern,  and  in  Kora  Scotia. 
Agfokmte,  or  Hanganese-alumt  ficom  Lagos  Bay  m  South  A£nca. 
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Bo^miumiUf  a  Haoganafla-Almii,  found  near  the  Bo^eman  Biyer  in  South  A£Rea^ 
and  at  Alum  Point,  near  the  Salt  Lake*  Utah. 

AXUM^  moiffaw  {Jkmen  Somanmm,  Aiimme  di  roeoa,  It.),  called  eometimet 
Book  or  Boek  Mum.    See  Alitic. 

A&UM  BOOT.  The  root  of  the  Oeranmm  maculatum,  a  Korth  American  plant. 
It  contains  a  large  proportion  of  tannin,  and  is  used  as  a  jpowerfnl  astringent. 

A&VM-MBAI&B.  The  chief  natural  source  from  which  the  alnm  of  commerce  is 
derived  in  this  country.  It  occurs  in  a  remarkable  manner  near  Whitbj,  in  York- 
shire, and  at  Hurlet  and  Gampne,  near  Glasgow.  A  full  descripdon  of  the  alum- 
shale,  and  of  the  processes  by  which  the  orystallisable  alum  is  separated,  will  be 
found  under  Aluic 

A&VM-SlkAn.  A  day-slate  containing  bitumen  and  sulphide  of  iron,  found 
in  the  Korth  of  Engknd,  in  Scotland,  in  ScandinaTia,  and  other  places.  The 
common  variety  effloresces  and  acquires  the  taste  of  alum.  Th9  ghuy  Mum  slate 
is  of  a  bluish-blade  colour,  with  a  semi-mebdlic  lustre.  It  swells  upon  exposure 
to  the  air,  owing  to  the  saline  efflogcescenoe.  formed  between  the  foliations,  and  is 
eyentnally  disintegraied. 

A&VlB-STOWaor  A&VltlVB.  (Mun,  f^. ;  Alaututein,  Oer.)— This  mineral, 
in  its  purest  form,  is  composed  of  alumina  87*13,  sidphuric  add  38*58,  potash  11*84, 
water  18*00.  Silica  is  also  fi^oquentl^r  nresent  as  an  impurity,  sometimes  to  the  extent 
of  60  per  cent.  It  is  a  white,  greyidi,  or  reddish  mineral;  afflirding  a  white  streak, 
and  an  uneren;  flat,  conchoidal  fnctoaie,  which  is  splintery 'in  the  mastfhre  irazieties. 
It  is  transparent  or  snbtranslucent. 

Alum-stone  is  one  of  the  sources  of  the  alum  of  commerce,  whidi  is  obtained  from 
it  in  crystals  after  frequent  roasting,  and  lixiriation  in  water.    See  Axux. 

Alumrstone  is  found  at  Tolfa,  near  Oiyita  Yecchia,  in  the  Roman  States  ^sometimes 
in  oqrstals) ;  at  Muszaly  in  Hungiuy ;  at  IKc  de  Sancy,  in  fVanoe,  and  in  uie-  Grecian 
Archipelago.  The  compact  Tacieties  from  Hungary  are  so  hard  as  to  be  used  for 
millstones. 

A&VMnrA.  (AlK)*,  atomio  wmgii  51*4).  This  is  the  only  oxide  idiich  the 
metal  aluminium  forms,  and  it  is  assumed  to  be  a  sesquioxide  on  account  of  its 
isomorphism  with  sesquioxide  of  iron. 

Alumina  occurs  in  a  natiTO  state,  forming  the  gems  known  as  the  MfMre  and  the 
rubvt  and  in  a  less  pure  form  as  the  minerals  wu/i^um  and  emery.  In  a  state  of 
hy<uate,  or  in  chemical  combination  with  water,  alumina  constitutes  the  spedes  known 
as  dUupore^  gibUUe,  and  kydtargyilUe,  &idi  of  these  minerals  as  are  of  economic 
value  will  be  noticed  under  their  respectiTe  heads. 

Alum]->a  is  obtained  in  the  state  of  hydrate  from  common  alum  (KO,  SO* ;  AlK)*, 
SSO*  -¥  24HO)  by  adding  a  solution  of  ammonia  ^or  better,  carbonate  of  ammonia)  to 
the  latter  salt  and  boilinf.  The  predfntate  is  white,  and  gelatinous  in  a  mgh 
degree,  and  retains  the  salts,  in  the  presence  of  whidi  it  has  been  formed^  with 
remarkable  perdnad^,  so  that  it  is  very  difficult  to  wash. 

By  drying  and  igniting  this  hydrate,  the  anhydrous  alumina  is  produced;  but  it 
may  be  obtuned  more  readily  by  heating  ammonia-aluni  (NH«  0,  SO*;  AlK)*8S0*-i- 
24i&0).  AU  the  constituents  of  this  salt  are  volatile,  with  the  exception  ^  t9ie  alumina. 

Alumina, is  insoluble  in.  water,  but  soluble  both  ^in  adds  and  alkalis.  Towards 
the  former  it  plays  the  part  of  a-base,  iwodudng  the  ordinary  alumina  salts ;  whilst, 
with  the  latter,  it  also  enters  into  combination,  but  in  thia  case  it  is  an  add,  forming 
a  series  of  compounds.idiich  may  be  called  aluminates. 

The  important  application  of  alumina  and  its  compounds  in  the  arts  of  dydng  and 
calico-printing  depends  upon  a  peculiar  attraction  whidi  it  possesses  for  organic 
bodies.  This  affinity,  is  so  strong,  that  when  digested  in  solutions  of  vegetable 
colouring  matters  the  alumina  combines  with  and  carries  down  the  colouring  matter, 
remoying  it  entirely  from  the  solution.  Pigments  thus  obtained^  which  are  com- 
binations of  alumina  with  the  vegetable  colouring  matters,  are  called  '  laJua*  . 
•  ^  Alumina  has  not  only  an  affinity  for  the  colouring  matters^  but  at  the  sama 
time  also  for  the  regetable  fibres,  cotton,  silk,  wool,  &c. ;  and  hence,  if  alumina  be 
predptated  upon  clpth  in  the  presence  of  a  colouring  matter,  a  most  intimate  union 
IS  eflSeted  between  the  doth  and  the  colour.  Alumina,  when  employwl  in  this  way, 
is  called  a  'Inordhnt.' 

Other.bodies  hkve  a  similar  attraction  for  colouring  maiters,/^.  binoxide  of  tin 
and  sesquiotide  df  irod :  eadi  of  Ihese  giycs  its  peculiar  sluule  to*the  colour  or  com- 
bination, alumina  changing  it  least. 

Mr.  Walter  Cnun*  has  Sscovered  a  peculiar  soluble  modification  of  alumina.  The 
binacetate  of  alumina  has  been  found  by  Mr.  Crum  to  possess  the  yery  curious  property 

'  OhMiioil  floeieef's  Qaartariy  Jeomal,  vi.  Slf. 
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ti  parting  with  itft  meetie  acid  until  the  whole  is  expelled,  b^  the  long-eontinued 
application  of  heat  to  |t  eolation  of  this  salt ;  the  alnmina  remains  in  the  solution,  in 
a  sdnble  allotiopie  condition,  forming  what  has  been  called  metidumma.  Its  coagolnm 
with  dyewoods  is  translnoent,  and  entirely  difE^nt  from  the  opsone  cakes  foroMd  bj 
ccdioaxy  alumina ;  henee  this  scdntion  cannot  act  as  a  mordant.  JBnt  this  solution  of 
alumina,  which  is  perfSoetly  oolonriess  and  transparent,  has  the  alumina  separated  6om 
it  by  the  slightest  causes.  A  minute  quantity  of  either  an  add,  an  alkafi,  even  of  a 
jMUtnl  salt,  or  of  a  vegetable  colouring  matter,  eflbcts  the  change.  The  precipitated 
ftlumiwa  is  insoluble  in  acids,  eren  boiling  sulphuric ;  this  shows  another  allotrome 
condition.    But  it  is  dissolved  by  caustic  alkalis,  by  which  it  is  restored  to  its 


WM9  AOSTATS  or.  The  acetates  of  alumina  are  extensiTely  used  in 
the  arts  on  account  of  the  property  which  they  possess  of  being  readily  decomposed 
with  deposition  of  their  alumina  on  the  fibre  of  cloth ;  hence  they  are  used  as  mor- 
dants, in  the  manner  described  under  Gauco«Pbi2itiiio  ;  and  sometimes  in  dyeing 
they  are  mixed  with  the  solution  of  a  colouring  matter;  in  this  the  textile  fabric  is 
immersed,  whilst,  on  heating,  the  alumina  is  precipitated  upon  the  fabric,  which,  in 
consequence  of  its  affinities  before  alluded  to,  carries  down  the  colouring  matter  with 
it,  and  fixes  it  on  the  doth* 

The  acetate  cf  alumina  thus  employed  is  obtuned  b^  treating  sulphate  of  alumina 
wiUi  neutzml  acetate  <tf  lead,  and  filtering  off  the  solution  from  the  precipitate  of  sul- 
phate of  lead.  Acetate  of  lime  is  also  used ;  but  the  sulphate  in  this  case  does  not 
leaTB  the  solution  so  dear  or  so  rapidly. 

AcoGvding  to  Mir.  Walter  Cram,>  the  solutioD  resulting  from  the  decomposition  of 
sulphate  of  alumina  AlH)*,  dSO*  (AI*  SSO*)  by  monobasic  acetate  of  lead  contains 
^he  salt  AlH)*,  ^C«H>0*.  HO)  [AVO\  AO^VO*]  (binaoetate  of  alumina),  together 
with  one  e^uiralent  of  free  acetic  add,  the  compound  AlH)*,  SCHH)*  (APCcnKHM) 
not  appearing  to  exist.  By  evaporating  this  solution  at  low  temperatures,  «^.  in  a 
▼eij  thin  layer  of-  fluid  below  88^  C  (100^  F.),  Cmm  obtained  a  fixed  residue 
completdy  soluble  in  water,  the  composition  of  which,  in  the  dry  state,  approached 
AlW,  2^0«+4H0  (Aro».  «o««o«+a««o). 

A&VMIVAf  MTLlilATMM  OV.  Silicate  of  alumina  is  the  chief  constituent  of 
common  day;  it  oeeurs  also  associated  with  the  silicates  of  iron,  magnesia,  lime, 
and  the  alkalis  in  a  great  Tariety  of  minerals,  which  will  be  found  describeid  elsewhere. 
The  most  interesting  of  these  are  the  frlspars  and  the  aedites*  8eo  Cult,  Fmlspam, 
Zboutb. 

Of  course,  being  present  in  day,  silicate  ni  alumina  is  the  essential  constituent  of 
porcelain  and  earthenware.    See  lEUBnixirwABB  and  Pobcklaik. 


. OF.     The  neutral  sulphate  of  alumina,  A1H>*, 

SSC-t-  18H0  (AI*SSO«+ 10B*0),  idiich  is-  obtained  by  dissolTing  alumina  in  sul- 
phuric add,  crystallises  in  needles  and  plates ;  but  sulphuric  add  and  alumina  combine 
in  other  pronations,  e,g.  asalt  of  the  formula  AlK)*,  3S0*-i- A1K>*  (AI*SSO«-i- A1*0^ 
was  obtained  by  Hons,  and  the  solution  of  this  salt,  when  largely  diluted  with  water, 
s|^its  into  the  neutral  sulphate  and  an  insoluble  powder  containing  AlH)*,  880* 
•l-2Al*0>-i-9HO  (Al*SSO«-i-aAlHM  +  #HSO).  This  subsalt  forms  the  mineral 
g/iiiwijii7g,  or  WtbtteriUi  found  near  Newhayen,  and  was  found  by  Humbddt  in  the 
sdiists  of  the  Andes. 

The  sulphate  of  alumina  is  now  extendyely  used  in  the  arts  instead  of  alum,  under 
the  name  of  *  concentrated  alum '  (see  p.  1 22).  For  most  <tf  the  purposes  for  idiidi  alum 
is  employed,  the  sulphate  of  potash  is  an  unnecessary  constituent,  being  only  added 
in  order  to  fSiicilitate  the  purification  of  the  compound  from  iron ;  for  in  consequence  of 
^e  ready  crystallisability  of  alum,  this^  salt  is  eadly  purified.  Nevertheless,  Wies- 
ttann  has  succeeded  in  remoring  the  iron  from  the  crude  solution  of  sul|^ate  of 
alumina  obtained  by  treating  dajr  with  sulphuno  add,  by  adding  ferrocyanide  of 
potasdum,  which  throws  down  the  iron  as  Prussian-blue ;  me  solution,  when  erapo- 
rnted  to  dryness,  is  found  to  eondst  ti  sulphate  of  alumina,  oontaininf  about  7  per 
cent  of  potMh-alum.  About  1760  tons  of  this  artide  were  produced  at  JNewcastle-on- 
Tjnb  alone  in  the  year  1872.    See  also  Alitx. 

.  A&VMIVATS  or  SOIIA.  8  NaO.  A1*0«  (SVa<0.  ATO*).  This  salt  is  now 
manufoctured  on  a  large  scale  for  use  as  a  mordant  in  ^^ng  and  calico-printing ; 
sn  the  pcopaiataon  of  lakes  for  pigments ;  in  the  manufacture  of  certain  forms  of 
artificial  stone ;  and  in  candle  and  soap  manufacture.  The  salt  is  generally  obtained 
trr  heating  Bauxite  with  carbonate  of  aoda  in  a  rererberatcry  fornace.  The 
^umina  present  in  the  Bauxite  combines  with  the  soda,  while  carbonic  add  is 
expelled.    On  lixiyiating  the  product,  the  aluminate  of  soda  is  dissdyed  out ;  the 
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solution  is  thon  filteied,  and  the  filtzBto  OTapomtod  to  dfjnats.    Thtf  «alt  is  timt 
obtained  aa  a  'vhitieh  powder.    See  BAVxmu 
.    A&VMZVXra.    See  yraBSTSBiTB. 

AXiVanwxnM.     (^Sym,  AL,  o^.  wt.  13*7.)    The  name  Alnmimum  is  dfriyed 
ftom  the  Latin  alument  for  alum,  of  which  salt  this  metal  is  the  notable  oonstitaent. 
,   Aluminium,  though  neTor  found  in  the  free  state*  ooeurs  extensively  diflbaed  in 
nature  in  alumina  and  «ertain  of  its  salts,  espedallj  the  silicates. 

The  native  varieties  of  amhydrauB  alumina  a<e,  the  sapphire,  rubv,  and  oomndum, 
whilst  the  hydrate  ooeurs  in  nature  in  the  minerals,  diaspore  a:id  gibbsite.  But  the 
(^ef  quantity  of  aluminium  is  found  in  the  endless  varieties  of  the  mineral  silicates 
of  alumina  with  other  bases,  such  as  the  felspars,  micas,  many  kinds  of  day,  tha 
■eolites,  &<v 

.  Alumina  was  first  decomposed  by  Davy,  who  discovered  the  metal  soon  after 
decomposing  the  other  earths  and  alkalis  ;*  but  he  never  seems  to  have  obtained  it 
without  some  mixture  <^  potassium.  It  is  evident,  however,  that  the  earth  was 
eompletely  reduced  to  the  metallio  state  by  him. 

Wohler  obtained  aluminium  pure  in  1827 '  by  the  reduction  of  the  diloride 
of  aluminium  in  the.  form  of  a  grey  powder.  Later  (1846),'  he  succeeded  by  the 
same  process  in  obtaining  it  in  globules,  which  he  describes  as  tin  white,  toler- 
ably malleable  and  ductSe,  not  materially  oxidised  by  exposure  to  the  air,  of  a 
specific  gravity  of  2*6,  but»  when  hamm^ed,  of  2*67 ;  unacted  upon  l^  water  at 
the  common-  temperature,  but  slowly  disengaging  hy^ogen  from  water  at  the 
boiling  point. 

Li  1864  *  Deville*s  first  experiments  on  the  nreparation  and  properties  of  alumi- 
nium were  published.  The  method  he  adopted  for  the  liberation  of  the  metal  was 
essentially  tne  Same  as  that  originally  employed  by  Wohler.  But,  by  dint  of  im^ 
movements  in  the  details  of  the  process,  he  succeeded  in  psoeuring  the  metal  in 
larger  globules,  which  were  silver-white,  having  a  fusing  ^int  nearly  approaching 
thatof  silver,  whidi  were  unoxidised  iHien  e]q;)Osed  to  the  air,  even  in  a  fused  state, 
andremaining  bright  even  m  boOina  water,  unattacked  by  either  dilute  or  eoneentxated 
nitric  or  sulphuric  add  in  the  cold ;  but  dissolved  l^  hydroehkrio  add  with  evolu- 
tion of  hydrogen. 

Oersted  was  undoubtedly  the  first  to  prepare  the  chloride  of  aluminium,*  and  it  is 
.even  stated  that  he  also  -poGosed  the  metal  by  the  following  method: — *Puie 
,alnmina,  intimately  mixed  with  powdered  charcoal,  was  introduoM  into  a  porcelain 
tube ;  through  this,  when  strongly  heated,  a  stream  of  chlorine  was  directed,  and  the 
chloride  of  aluminium  formed  was  collected  in  a  separate  vesseL  By  mixing  this  com- 
pound with  an  amalgam  of  potassium,  containing  a  large  proportion  of  the  latter 
body,  and  immediately  heaUng  the  mixture,  chloride  of  p^isdum  was  found,  and  the 
aluminium  combined  with  the  mereury.  This,  on  being  distilled  but  of  contact  with 
the  air,  gave  off  the  mereury,  whilst  aluminium  remained  in  the  form  of  a  metallio 
bntlon,  dosely  resembling  tin.'  * 

Deville's  researdies  raised  the  hope  that  the  metal  mig^t  be  obtained  in  suffident 
quantity  to  become  of  high  leshnioal  importance,  since  it  was  probable  that  the 
.diloride  of  aluminium  nd^t  be  decomposed  1^  cheaper  metals  at  a  higher  tsmpon- 
ture ;  and  he  Obtained  a  grant  from  the  late  Smperor  of  the  Ereodi  for  tiie  purpose 
<^  prosecuting  his  investigations  on  a  suffident  scale. 

.fiunsen  also  showed  in  1864*  that  aluminium  could  be  obtained  in  reguline  masses 
by  submitting  the  double  diloride  of  aluminium  and  sodium  or  potasdum  to  electro- 
lysis in  a  fused  state. 

By  falsing  the  chloride  of  aluminium  (obtained  by  the  process  idiich  will  be  ibund 
desoribed  .under  the  head  of  the  chloride)  with  an  equal  equivalent  of  common  salt» 
be  obtained  a  double  chloride,  iriiich  fused  below  200^  0.  (860^  F.X  and  from  idndi 
the  metal  is  readily  reduced  1^  the  same  electzolytio  process  prevkrady  employed  by 
Bunseninthecaseof  magnedum.    See  Maombsivil 

Bnnaen  pointed  out  that  the  diserepaneyexisting  in  the  properties  of  the  metal  in 


the  two  states,  as  obtained  xesnectivdy  by  Wohler  and  Bevule,  arose  from  its  ^ydcal 
~     Ld  that  it  was  only  the  masdve  metal  whidi  possessed  1h6 


condition ;  for  Bunsen  found  that  it  was  only 

noperties  ascribed  to  it  by  Deville,  that  in  frot  the  pnlvemlent  modifiartion  does 

decompose  water  at  ieO<>  C,  as  stated  by  Wohler. 

AlDKwt  at  the  same  time  Beville  published  the  results  of  his  expsrimenti  i^on  tha 
|irodafltioii  of  ahauniumon  a  larger  scale.'    Eb  quitegave  i^  the  liope  of  saooeedlBg 

'»  Poggendorirg  Annelen,  ad.  IIS.  *  Aim.  Oh.  et  Pluum.  UU.  4S9, 

•  Oomptei  Bendni,  zzxTiiL  S7». 
«  VeroMl,  Bnl  del.  So.  Methteitte.  4c  1896,  S79. 
"  Baootd  of  KtDlng  end  ICeMlnrgy,  Fhimpt  aiMl  DwUnfton. 
•.PQfi.Ann.zoU.Ci8.  « Oomptas  Ben^ui,  zodx.  tSl. 
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in  6flMuig  ih»  xedndaon  of  tiie  chlorides  hj  snj  of  the  oonunon  metalB.  Ha  ad- 
hered to  Wohler^s  and  Bnnsen's  methodfl,  canying  them  out  on  a  larger  scala,  with 
modifleatioiis  and  improTsments  in  the  details,  irhieh  enabled  him  to  obtain  the  metal 
is  soeh  qnantities,  and  thus  to  stndyits  properties  "with  so  mnch  success,  as  to  suggest 
numerous  applications,  the  probabuitj  of  irhich  nerer  entered  the  minds  of  the  ori- 
ginal diseoTvees.  Very  great  credit  is  therefore  due  to  H.  Deville,  although  it  is  the 
psactioe  amongst  the  Oeiman  chemists  to  detract  fi^om,  or  even  deny,  his  merit. 

The  folloiring  is  the  method  described  by  3L  Deyille  for  the  preparation  of  this 
interesting  metal : — 

HiaTing  obtained  the  chloride  of  aluminium,  he  introduces  into  a  wide  glass 
(or  porcelain)  tube  200  or  800  grammes  of  this  salt  between  two  plugs  of  asbelBtos 
^  in  a  bo»k  of  porcelain  or  even  copper),  allows  a  current  of  hydrogen  to  pass 
nom  the  generator  through  a  desiccating  bottle  containing  sulphuric  add  and 
tubes  containing  chloride  of  calcium,  and  finiJly  through  the  tube  containing  thA 
diloride ;  at  the  same  time  applying  a  gentle  heat  to  the  diloride,  to  driye  off  any  free 
hydiochlorio  add  which  mig^t  be  formed  by  the  action  of  the  air  u|>on  it.  He  now 
introduces  at  the  other  extremity  of  the  tube  a  porcelain  boat  oontaimng  sodium ;  and 
when  the  sodium  is  Aised  the  chloride  of  aluminium  is  heated,  until  its  vapour  comes 
in  contact  with  the  fused  sodium.  A  powerful  reaction  ensues,  considerable  heat  is 
eyolved,  and  by  continuing  to  pass  the  va^ur  of  the  chloride  over  the  sodium  until 
the  latter  is  all  consumed,  a  mass  is  obtuned  in  the  boat  of  the  double  chloride  of 
aluminium  and  sodium  NaCl,  Al*  CI*  (2WaOL  Al^Ol*),  in  which  globules  of  the 
newly-redoced  metal  are  suspended.  It  is  allowed  to  cool  in  the  hydrogen,  and 
then  the  mass  is  treated  with  water,  in  which  the  double  chloride  is  soluble,  the 
^bules  of  metal  bdng  unacted  upon. 

These  small  globules  are  Anally  fnaed  together  in  a  povcelain  cmdble,  by  heating 
them  strongly  under  the  ftised  double  chloride  of  aluminium  and  sodium,  or  oven 
under  common  salt 

This  process,  which  succeeds  without  much  difficulty  on  a  small  scale,  is  performed 
far  more  sueceesfUly  as  a  manu&ctnring  operation.  Two  cast-iron  cylinders  are 
now  employed  instead  of  the  ^ass  or  porcelain  tube,  the  anterior  one  of  which 
contains  the  chloride  of  aluminium,  whilst  in  the  posterior  one  is  placed  the  sodium 
in  a  tray,  about  10  lbs.  "peing  employed  in  a  single  operation.  A  smaller  iron 
cylinder  intermediate  between  the  two  former  is  fiUed  with  scraps  of  iron,  which 
serve  to  separate  iron  from  the  vapour  of  chloride  of  aluminium,  by  converting  the 
perchloride  of  iron  into  the  much  less  volatile  protochlorido.  Thoy  also  separate 
free  hydrochloric  add  and  chloride  of  sulphur. 

Dunng  the  progress  of  the  operation  the  connecting  tube  is  kept  at  a  temj^exature 
of  about  400^  to  600^  F. ;  but  both  the  (flinders  are  but  very  gently  heated,  since  the 
chloride  of  aluminium  is  volatile  at  a  comparatively  low  temperature,  and  the  reaction 
between  it  and  the  sodium  when  once  commenoed  gtnezates  so  much  heat  that 
frequently  no  external  aid  is  required. 

Prtpofiition  of  Alumnium  hf  EkctrdyiU.^-T/ix^  Gore  has  succeeded  in  obtaininff 
plates  of  copper  coated  with  aluminium  by  the  electrolysis  of  solutions  of  chloride  of 
aluminium,  acetate  .of  alumina,  and  even  common  alpm ; '  but  the  unalloved  metal 
pannot  be  obtained  by  the  electrolysis  of  solutions.  Deville,  however,  pvodueed  it  in 
considerable  quantities  by  the  method  originally  suggested  by  Bunsen,  vis.  by  the 
electrolysis  of  the  fosed  double  chloride  of  aluminium  and  sodium  Na  CI,  Al'  CI* 
(2Ma€n.  ASHSi*) ;  but  since  this  process  is  far  more  troublesome  and  expensive  than 
its  reduction  by  sodium,  it  has  been  altogether  superseded. 

FnpanaUm  of  AUtminmmJrom  OryoUte,  So  early  as  March  80, 1866,  a  specimen  of 
aluminium  was  exhibited  at  one  of  the  Eriday-evening  meetings  of  the  Boyal  Institu* 
tion,  which  had  been  obtained  in  Dt.  Percy's  laboratorjr  bv  Mr.  Allan  Bidi,  by  a 
process  entirely  diflbrent  from  that  of  Deville,  which  promised,  on  account  of  its  gMt 
simididty,  to  supersede  all  others.*  It  consisted  in  heating  small  peces  of  socuum, 
placed  in  alternate  layets  with  powdered  cryolite,  a  mineral  now  found  in  consider* 
able  abundance  in  Greenland,  which  is  a  double  fluoride  of  aluminium  and  sodium, 
analogous  to  the  double  diloride  of  aluminium  and  sodium,  its  formula  being  8Na  F, 
Al*  F*  {€Um  r.  JU^P*).  The  process  has  the  advantage  that  one  of  the  materials 
is  frmished  ready  formed  by  tibture. 

TliO  experiment  was  only  performed  on  a  small  scale  by  Mr.  Dick  in  a  platinum 
ttueible  hned  with  magnesia ;  the  small  globules  of  meted,  which  were  obtained  at 
the  bottom  of  the  mass  of  ftised  salt,  bdng  subsequently  fused  together  under  chloride 
of  potasdum  or  common  salt. 

fiefore  the  description  of  these  experiments  was  published,  M.  Bose,  of  Berlin, 
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pabliBheda  paper  in  September,  1855,  on  the  same  fnbject^  In  Bose's  experiment! 
he  employed  oast-iron  crndbles,  in  which  ma  heated  ten  parts  of  a  mixture  of  e^ual 
weights  of  oolite  and  chloride  of  jpotassinm  with  2  parts  of  sodinm.  The  alnmimum 
was  obtained  in  small  globules,  which  were  Aised  together  under  chloride  of  potassium, 
as  in  Mr.  Dick's  experiments. 

'  Boss  exjperienoed  a  slight  loss  of  aluminium  bj  ftision  under  chloride  of  potassium, 
and  found  it  more  advantageous  to  perform  this  fusion  under  a  stratum  of  the  double 
chloride  of  aluminium  and  sodiun,  as  Deville  had  done. 

He  never  succeeded  in  extracting  the  whole  quantity  of  aluminium  present  in  the 
cnrolite  (18  per  cent.),  chiefly  on  account  ot  the  reac^  oxidisabilit^  of  the  metal 
when  existing  in  a  veiy  finely  diyided  state,  as  some  of  it  inyaiiably  does. 

It  does  not  appear  that  any  attempt  has  since  been  made  to  obtain  aluminium  on 
the  large  scale  ^m  dydite,  probably  fipom  the  supply  of  the  mineral  not  proying  so 
abundant  as  was  at  one  time  anticipated. 

In  all  the  joocesses  which  haye  been  found  practicable  on  any  considerable  scale, 
for  the  manufiMtnre  of  aluminium,  the  powerful  affinities  of  sodium  are  employed  for 
the  purpose  of  eliminating  it  from  its  compounds.  The  problem  of  the  diminution  of 
the  price  of  aluminium  therefore  resolyes  itself  into  the  improyement  of  the  methods 
for  procuring  sodium,  so  as  to  diminish  the  cost  of  the  latter  metal.  H.  Deyille*s 
attention  was  therefore  directed,  in  the  eariy  steps  of  the  inquiry,  to  this  point;  and 
yezy  considerable  improyements  have  been  made  by  him,  which  will  be  found  fully 
described  under  the  head  of  Soniuic 

Deyill^  has  since  suggested  the  employment  at  once  of  the  double  salt  of  chloride 
of  aluminium  and  chlonde  of  sodium  (NaOl,  Al'  CI*),  instead  of  the  simple  chl<«ide 
of  aluminium,  so  as  to  obtain  the  metal  by  means  of  sodium.  He  uses  400  parts 
of  this  double  salt,  200  oi  common  salt,  200  ^  fluor  spar,  and  76  to  80  of  sodium. 
The  abore-mentioned  salts  are  dried,  powdered,  and  mixed  together;  then  with  these 
the  sodium,  in  small  pieces,  is  mixed,  and  the  whde  heated  in  a  crucible  under  a 
layer  of  common  salt.  After  the  reaction  is  complete,  the  heat  is  raised  so  as  to  pro- 
mote the  separation  of  the  aluminium  in  the  form  of  a  button.  It  was  found,  howeyer, 
that  cryolite  was,  with  adyantage,  substituted  for  the  fluor  spar. 

G.  l^nner'  employs  artifldally  prepared  fluoride  of  aluminium;  but  this  method 
cannot  offiir  any^  adyantage  oyer  the  employment  of  the  chloride,  whidi  is  cheaper,  or' 
the  cryolite,  which  nature  affi>rds. 

The  following  remarks  on  the  manu&cture  of  aluminium  are  from  the  pen  of  Mr. 
Isaac  Lowthian  Bell  of  Newcastle,  at  whose  works  at  Washington  this  metal  was, 
until  lately,  produced : — 

*Upoa  the  introductibn  of  its  manufacture  at  Washington*  the  source  of  the 
alumina  was  the  ordinary  ammonia-alum  of  commerce— a  nearly  pure  sulphate  of 
alumina  and  ammonia.  Exposure  to  heat  drove  off  the  water,  sulphuric  acid,  and 
ammonia,  leaving  the  alumina  behind.  This  was  oonyerted  into  the  double  chloride 
of  aluminium  and  sodium,  by  the  process  described  by  the  French  chemist,  and 
poractised  in  France,  and  the  &uble  diloride  was  subsequently  decomposed  by  fusion 
with  sodium.  Faint,  howeyer,  as  the  traces  miffht  be  of  impurity  in  the  alum  itself, 
they  to  a  great  extent,  if  not  entirely  (being  <a  a  fixed  character  when  exposed  to 
heat),  were  to  be  found  in  the  alumina.  F^m  the  alumina,  by  the  action  of  dilorine 
on  a  heated  mixture  consisting  of  this  earth,  common  salt,  and  charcoal,  Uiese 
impurities,  or  a  large  proportion  thereof,  found  their  way  into  the  sublimed  double 
diloride ;  and  once  there,  it  is  unnecessary  to  say  that,  under  the  infiuence  of  the 
sodium  in  the  process  of  reduction,  any  siuca,  iron,  or  phosphorus  found  their  way 
into  the  aluminium  sought  to  be  obtained  Kow,  it  happens  that  the  presence  of 
foreign  matters,  in  «  degree  so  small  as  almost  to  bo  infinitesimal,  interferes  so 
largely  with  the  colour  as  well  as  with  the  malleability  of  the  aluminium,  that  the 
use  of  any  substance  containing  them  is  of  a  &tal  character.  Nor  is  this  all,  for  the 
nature  of  that  compound  whidi  hitherto  has  constituted  the  most  important  applica? 
tion  of  this  metal—- aluminium-bronxe — ^is  so  completely  changed  by  using  aluminium 
eontaimng  the  impurities  referred  to,  that  it  ceases  to  possess  any  of  those  properties 
which  render  it  valuable.  As  an  example  of  the  amount  of  interference  exeicised  by 
yery  minute  quantities  of  impurity,  it  is  perhaps  worthy  of  notice  that  yery  few 
yarieties  of  copper  haye  been  found  susceptible  of  being  employed  for  the  manu- 
facture of  aluminium-bronze ;  and  hitherto  we  haye  not  at  Washington,  nor  haye 
they  in  France,  been  able  to  establish  in  what  the  difference  consists  between  copper 
fit  for  the  production  of  alumininm-bronse,  and  that  which  is  usually  unsuitable  far 
the  purpose.  These  considerations  haye  led  us,  both  here  and  in  France,  to  adopt 
the  use  of  another  raw  material  for  the  production  of  aluminium,  which,  either,  does 

'  FOggendodrs  Annalen,  and  Fhn.  Mag.  z.  S88.  *  AmLdeCtiinuetFl)ykzlTl.416. 

•  Ohonical  Gaistte^aSM,  ns. 
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not  oont&in  the  imporitieB  referred  to  as  so  prejadici&l,  or  contains  them  in  such  a 
form  as  to  admit  of  their  easy  separation.  This  material  is  Bauxite,  so  called  from 
the  name  of  the  locality  where  it  is  found  in  France.  The  Bauxite  is  ground  and 
mixed  -with  the  ordinary  soda-ash  of  commerce,  and  then  heated  in  a  faniace.  The 
soda  combines  with  the  alumina,  and  the  aluminate  of  soda  so  formed  is  separated 
from  the  insoluble  portions — •viz.,  peroxide  of  iron,  silicoHiluminate  of  soda,  &c. — hr 
lixrnataQn.  Munatio  add  or  carbonic  acid  is  then  added  to  the  solution,  which 
throws  down  pure  alumina.  The  remainder  of  the  process  is  predselj  that  which  ik 
described  by  Mons.  St  Claire  Deyille.  The  alumina  is  mixed  with  common  salt  and 
diarooaly  made  into  balls  the  sixe  of  an  orange,  and  dried.  These  balls  are  placed  in 
Tertical  earthen  retorts,  kept  at  a  red  heat,  and  through  the  heated  contents  chlorine 
gas  is  passed.  The  elements  of  the  earth,  under  the  joint  influence  of  carbon  and 
chlorine  at  that  ten^)erature,  are  separated,  the  carbon  taking  the  oxygen  and 
the  dilorine  the  ahmdniunh  The  latter  substance  accompanied  by  chloride  of  sodium 
(common  salt^  sublimes  oyer,  and  is  collected  as  a  double  chloride  of  aluminium  and 
sodium.  Sodium, — ^being  required  to  efifect  the  decomposition  of  this  compound, — ^is 
thus  prepared.  In  small  iron  retorts  kept  at  as  high  a  temperature  as  iron  can  bear, 
a  mixUiie  of  soda  f^bonate  of  soda)  and  carbonaceotis  matter  with  a  little  ^und 
chalk  28  placed.  The  metallic  base  of  the  alkali  distils  oyer,  and  is  collected  in  coal 
oil.  A  portion  of  the  double  chloride  of  aluminium  and  sodium,  and  the  metallic 
sodium,  along  with  fluxes,  is  exposed  to  a  frill  red  heat  in  a  reyerberating  frimace. 
The  sodium  seizes  the  chlorine  combined  with  the  aluminium,  and  thus  liberates  the 
latter  metal,  which  f&lls  to  the  bottom  of  the  flxed  mass.  Aluminium  is  used  in 
sufficient  quantity  to  keep  the  only  work  ia  England — ^riz.,  that  at  Washington — 
pretty  addyelj  emnloyed.  As  a  substance  for  works  of  art,  when  whitened  by  means 
of  hydrofluonc  and  phosphoric  acid,  it  appears  well  adapted,  as  it  runs  into  the  most 
complicated  patterns,  and  has  the  adyantage  of  preserving  its  colour,  from  the 
absence  of  all  tendency  to  unite  with  sulphur,  or  to  become  afibcted  by  sulphuretted 
hydro^n,  as  happens  with  silyer.'  Aluminium  has  been  used  in  the  manufacture 
of  weights  and  scale-beams  for  chemists,  and  for  opera-  and  field-glasses,  for  which 
irarposes  it  is  exceedingly  yaluable,  by  reason  of  its  lightness  and  its  not  being 
liable  to  tarnish.  A  greatly  increased  actiyity  has  been  giyen  to  the  manufacture  of 
aluminium  by  its  use  in  the  manufacture  of  aluminium-bronze — a  compound  of 
exceeding  beauty,  so  much  like  gold  that  it  can  scarcely  be  distinguished  from  that 
predoos  metaL 

Properties, — ^The  metal  is  white»  but  with  a  bluish  tinge,  and  even  when  pure  has  . 
a  lustre  &r  inferior  to  silyer. 

Specific  gravity,  2-66,  and  when  hammered,  2*67. 

Cionducts  electridty  eight  times  better  than  iron,  and  is  feebly  magnetic  It  is 
hiriily  sonorous. 

Its  fnsing-point  is  between  the  melting-points  of  zinc  and  silyer. 

By  electrolysis  it  is  obtained  in  forms  which  Deville  belieyes  to  be  regular  octa- 
hedra ;  but  Hose,  who  has  also  occasionally  obtained  aluminium  in  a  crystalline  state 
(from  cryolite),  denies  that  they  belong  to  the  regular  system. 

When  pure,  ft  is  unoxidised  even  in  moist  air ;  but  most  of  the  commercial  spe« 
dmens  (jirobably  from  impurities  present  in.  the  metal)  become  ooyered  with  a  bluish- 
gr^  tarnish. 

It  is  unafibcted  by  cold  or  boiling  water;  even  steam  at  a  red  &eat  is  but  slowly 
decomposed  by  it.  ' 

It  is  not  acted  upon  by  cold  nitric  add,  and  only  very  slowly  dissolyed  eyen  by  the 
boiling  add;  scarcely  attadced  by  dilute  sulphuric  add,  but  readily  dissolved  by 
hydrochloric  add,  wim  evolution  of  hydrogen. 

Sulphuretted  hydrogen  and  sulphides  &ye  no  action  upon  it ;  and  it  is  not  eyen 
attacked  b^  fused  hydrated  alkalis.  Professor  Wheatstone  *  has  shown  that  in  the 
voltaic  senes,  aluminium,  although  having  so  small  an  atomic  number,  and  so  low  a 
specific  gravity,  is  more  electro-negative^an  sine;  but  it  is  podtiyato  cadmium,  tin, 
lead,  iron,  caj^fer,  and  platinum. 

^  ImpuriHee  iii  Jluminium, — ^Many  of  the  discrepandes  in  the  properties  of  alumi- 
ninm,  as  obtained  by  di&rent  experimenters,  are  dna  to  the  impurities  which  are 
present  in  it; 

If  the  naphtha  be  not  carefully  removed  from  the  sodium^  the  aluminium  is  liabld 
to  contain  carbon. 

•  Iftequently,  in  prepiMAig  aluminium,  by  the  action  of  the  chloride  on  sodium,  by 
Beville's  original  process,,  copper  boats  have  been  used  for  holding  the  sodium ;  in 
this  case  the  metal  becomes  contaminated,  not  only  with  copper,  but  also  with  any 

»  Phil.  Majr.x.  148. 
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other  metali  wliieh  may  be  present  in  the  copper— ff.^.  Salm-Homtmar^  foond  ooppef 
in  the  aluminiiun  sold  in  Paris,  and  Erdmann  detected  rinc ;  *  and  in  tretj  case  the 
metal  is  Teiy  liable  to  become  mixed  with  silicon,  either  from  the  eiurthenware 
tnbes,  boats,  or  cmcibles ;  hence  Saly^t  f onnd,  eyen  in  the  alnmimnm  prepared  by 
Deville  himself,  2*87  per  cent  of  silicon,  2*40  of  iron,  6*88  of  copper,  and  traces  it 
lead. 

The  following  analyses  of  commercial  almninium  wefe  commiudeated  to  tiiA  British 
Association,  at  its  meeting  in  1857>  by  Professor  Mallet :  ^ 


ICadeinFttto 

lfid«infierlhi 

Aluminium*        • 

.  92*969    . 

.  06*268 

Iron   . 

.    4*882    . 

.    8*293 

Silicon 

.    2*149    . 

.    0*464 

Titanium    .        • 

•     trace    • 

•       •     trace 

100*00  100*00 

'  JSovi  qf  Mummiunk'—Yerj  small  quantities  of  other  metals  soffioe  to  destroy  the 
malleability  and  ductility  of  aluminium.  An  alloy  containing  only  ^jth  of  iron  or 
copper  cannot  be  worked,  and  the  presence^  of  AUi  copper  venders  it  as  brittle  as 
glass.  Silver  and  gold  produce  briUleness  in  a  less  degree.  An  alloy  of  6  parts 
of  silyer  with  100  of  aluminium  is  capable  of  bein^  woued  like  the  pure  metat  but 
it  is  harder,  and  therefore  susceptible  of  a  finer  pobsh;  whilst  the  alloy,  containing 
10  per  cent  of  gold,  is  softer,  but  nevertheless,  not  so  malleable  as  the  pure  metaL 
The  presence  of  even  ^jj^th  part  of  bismuth  renders  aluminium  brittle  in  a  high 


hese  statements  by  Tissier,'  however,  require  oonfirmatioii ;  for  Bebray  states  that 
aluminium  remains  malleable  and  tou^  when  containing  as  much  as  8  per  cent  of 
iron,  or  10  per  cent  of  oopperi  but  that  a  larger  qoanti^  of  either  of  these  metals 
renders  it  brittle. 

It  is  curious  that  only  8  per  cent  of  rilver  are  suffident  to  give  aluminium  the 
MlUanoe  and  colour  of  pure  eilver,  over  wkick  the  aUoy  hoe  ^  great  advantage  of  not 
being  blackened  by  sulphuretted  hydrogen. 

On  the  other  liand,  small  quantities  of  aluminium  combined  with  other  metals 
change  their  poperties  in  a  remarkable  manner.  Thus  copper  alloyed  with  only 
j^  of  its  wcttght  of  aluminium  has  the  odour  and  brilliuice  of  gold,  and  is  still  voy 
malleable  (Tiuier) ;  and  when  the  aluminium  amounts  only  to  fth  (i.«.  20  per  cent) 
the  alloy  is  quite  white  (Debrag),    See  ALuminuK  BROinBB. 

An  alloy  of  90  parts  of  copper  and  10  of  aluminium  is  harder  than  common 
bronze,  and  is  capable  of  being  woriced  at  hi^  temperatures  easier  than  the  best 
varieties  of  iron.  Larger  quantities  of  aluminium  render  the  metal  harder  and 
brittle.— Dtfftfw,* 

An  BUoy  of  IdO  parts  of  silver  with  5  of  aluminium  is  as  hard  as  the  alloy 
employed  in  the  silyer  coinage,  although  the  other  properties  of  the  silver 
remain  unchanged  (ZtMwr).  Similar  alloys  have  likewise  been  prepared  by 
Dr.  Percy.* 

Messrs  Oalvert  and  Johnson  describe  *  an  alloy  of  26  parts  aluminium  to  76  of 
lion,  which  has  the  valuable  property  of  not  oxUiemf  by  expoeure  to  moist  air. 

Usee  qfJlummum, — ^No  veiy  important  application  of  aluminium  has  yet  been 
made :  ^thou^  at  the  time  M.  Deville's  experiments  were  commenced,  san|g;uine 
hopes  were  entertained  that  aluminium  might  be  produced  at  a  price  sufficiently 
low  to  admit  of  its  {tactical  application  on  a  large  scale,  these  anticipations  have 
not  been  realised ;  and  as  yet  on  account  chiefly  of  its  high  price,  the  applications 
which  have  been  made  of  this  interesting  metal  are  but  few. 

Its  low  specific  navity,  combined  with  sufficient  tenacity,  recommends  it  for  many 
interesting  uses.  The  fractional  weights  used  by  chemists,  which  are  made  of  plati- 
num, are  so  extremely  small  that  they  are  constantly  being  lost ;  their  much  greater 
volume  in  aluminium  renders  this  metal  peculiarly  suitable.  In  the  construction  of 
the  beams  of  balances,  strength  combined  with  lightness  are  desiderata;  and  M. 
BeviUe  has  had  very  beautiftif  balance-beams  made  of  this  metal ;  but  at  present  its 
hi^  price  has  prevented  their  extensive  adoption. 

These  same  qualities  render  this  metal  suitable  for  the  construction  of  helmets  and 
other  armour;  but  at  present  these  are  but  curiositieB,  and  ait  likely  to  remain  so» 

*  Jbtmua  pr.  Ohem.  IxtiL  498.  *  Joonal  pr.  Obem.  IxrlL  4M. 

•  0.  tnd  J.  llMler,  OompfM  Bendns.  sUfl.  885.  *  CompCes  Bendas.  xlUi.  9S6. 

•l?R)0MdlnBBOftbeBo7iaiiistttQtton,lCB]:chl4,18D6.  •  FbiL  Hag.  z.  Stf. 
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ludeM  iomd  ohoaper  meOiod  of  eliminating  the  metal  than  by  the  agenoy  of  aodinm 
be  diflcoTerod. 

Mr.  Gordon  has  shown  that  the  amount  of  tension  which  aluminium  wire  was 
capable  of  resiBting  will  be  found  to  be  between  that  of  the  best  iron  and  the  best 
steel  wire. 

Probably  one  of  the  most  interesting  of  the  applications  of  aluminium  (at  least  in 
a  scientific  point  of  yiew)  that  has  been  made,  is  that  by  Derille  and  Wohler,  of 
employing  it  in  the  production  of  crystalline  aUotropc  mooifications  of  certain  oUier 
elements  prenouslv  unknown  in  that  state-^.^.  boron,  silicon,  and  titanium.  It 
depends  upon  the  met  that  these  elements,  in  the  amorphous  state,  dissolye  in  fused 
■luninium,  and  on  cooling  the  molten  solution,  they  slowly  separate  £rom  the 
aluminium  in  the  crystalline  state. 

Aluminium  ixmj  be  gilded  by  being  dipped  into  a  solution  of  the  hyposulphite  of 
gold  after  it  has  been  well  cleaned  by  the  successiye  use  of  potash,  mtrio  add,  and 
water.  Aluminium  is  soldered  with  dMculty.  The  most  sucoessM  metiiod  is  to  coat 
the  aluminium  with  copper  by,  the  ^ectrotype  process,  after  which* soldering  can  be 
effected  in  the  usual  way. 

A&VMnmnc-JUUIJiUi.  This  alloy  was  a  discoyery  of 'Dr.  John  Percy, 
PJ^S.,  and  it  appears  to  be  a  true  chemical  compound.  Mr.  L  L.  Bell,  who  manu- 
factured this  beautiful  metallic  compound  on  a  la»e  scale,  thus  describes  its  manufi^s- 
tnre: — *  Copper  is  melted  in  a  plumbago  crucible,  and,  after  being  remoyed  from 
Uie  furnace,  the  solid  aluminium  is  added.  The  union  of  the  two  metals  is  attended 
with  such  an  increase  of  temperature,  that  the  whole  becomes  white  hot,.and  unless 
the  cmcible  containing  the  mixture  is  of  a  refractory  material,  it  is  ftised  bj  the 
intensi^  of  the  heat  A  yessel  idiich  has  resisted  a  heat  sufficient  to  eSBoct  the  nision 
of  copper  has  been  melted  when  the  aluminium  has  been  added.* 

The  yalue  of  aluminium-bronse  will  be  gathered  firom  the  following  statement  of 
results  obtained  by  LieuL-Oolonel  A.  Strange,  F.B.A.S.,  and  commimicated  by  him 
to  the  Astronomical  Sode^.  lieut-Oolonel  Strange  recommended  this  metal  as  a 
yaluaUe  material  for  the  construction  of  astronomical  and  other  philosophical 
instruments.  Begarding  the  most  important  qualities  as— 1.  Tensue  strength; 
2.  Besistance  to  compressidn ;  8.  Malleabilitgr;  4.  Tiransyerse  strength  or  rigidi^; 
6.  Ezpansiye  ratio ;  6.  Pounding  qualities ;  7*  Behayiour  under  filcv,  cutting  tools, 
&e.;  8.  Besistance  to  atmospheric  influenoes ;  9.  Fitness  to  reoeiye  ffra£ation ; 
10.  EUstidty ;  11.  Pitness  for  being  made  into  tubes ;  12.  Spedfie  grayity^— experi- 
ments ware  made  to  determine  eadi  of  those  conditions. 

TrntHe  drenffth.^The  result  of  tarials  by  Mr.  Anderson  of  Woolwidi  was— the 
ayerage  tmiadfy  of  this  metal  proyed  to  be  22  tons  12  cwt  (60,624  Ibs.^  breaking 
wdght  per  square  indi.  Elongations  did  not  take  place  until  4,800  lbs.  in  the 
one  case,  and  8,600  lbs.  in  the  other  had  been  applied,  when  a  permanent  elonga- 
tion was  noticed  of  *000  of  an  inch  in  the  first  specimen  and  *084  of  an  inch  in 
thelasU 

SesUtance  to  compr$s»Um, — The  ultimate  amount  of  compresdon  applied  was 
69  tons  2  cwt.  1  qr.  4  lbs.  (182,416  lbs.),  under  which  the  specimen  became  much 
distorted.  *  The  specimen  subjected  to  this  enormous  pressure,  distorted  though  it 
is,  does  not  exhibit  the  trace  of  a  fissure.  The  cohedon  of  its  partides  is  infiolate.' 
Compresdon  was  not  perceptible  until  9  tons  2  cwt.  per  square  inch  (20,884  lbs.) 
was  applied,  when  the  specimen  gaye  way  to  the  extent  of  '006  of  an  indi ;  and  on 
the  weight  being  remoyed  an  elasticity  <n  *001  was  obseryed,  whidi  giyes  the  first 
permanent  compresdon  as  *006  of  an  inch. 

MaUeabQUy, — ^The  quality  of  this  metal  for  forginff  purposes  would  appear  to  be 
excellent.  Qliere  were  specimens  in  the  Internationar  Exhibition  of  1862,  showing 
that  the  alloy  could  be  dirawn  out  under  the  hammer  almost  to  a  needle-point. 

Transverse  strength, — These  experiments  wece  made  hj  Messrs.  Siams.  Hie  same 
wd^  applied  to  these  bars  altend  the  index  of  the  instrument  as  under : — 

Brass 2*22  diyidons 

Qun-metal 0*16        „ 

Aluminium-bronse »       0*06        „ 

Hence  alumimum-broose  is  3  times  more  rigid  than  gun-metal,  and  44  times  more 
rigid  than  brass. 

EKwrnsive  roHs, — ^Aluminium-bronse  is  a£bcted  by  change  of  tempeiatiixe  a  little 
less  tnan  gun-metal,  and  much  less  than  brass.  ^ 

Founding  quaUiies, — ^The  alloy  produces  admirable  oastings  of  any  sise. 

Bekaviaur  under  JUes^  cutting  tools,  ^c. — 'In  this  respect  it  leayes  nothing  to  be 
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desired.  It  does  not  dog  the  file ;  and  in  the  lathe  and  planing-machine  the  tool 
remoyes  long  elastic  shayings,  leaying  a  fine,  bright,  smooth  surfece.* 

Beaistance  to  tUmospherio  influences. — ^This  alloy  tarnishes  much  less  readily  than 
any  metal  nsnally  employed — ^yiz.  gun-metal,  brass,  silyer,  cast-iron,  or  steel. 

Fitness  to  receive  graduaticm.  —  The  lines  are  remarkably  pure  and  equable, 
and  yeiy  distinct  under  the  microscope,  notwithstanding  the  ydLlow  colour  of  the 
metaL  ^ 

jElosficify.—- No  -wires  tried  for  the  suspension  of  Foucault's  pendulum  for  illus- 
trating the  rotation  of  the  earth  were  so  durable — ^not  eyen  those  of  steel — ^nnder  that 
seyere  ordeal,  as  wires  of  aluminium-bronze. 

Fitness  for  being  made  into  tubes.— -It  admits  of  eyeiy  process  necessary  for  this 
purpose. 

Bpeoifio  GravUf/.-^The  spedfio  gravitieB  of  alloys  of  aluminium  and  copper  are : — 

8  per  cent  of  aluminium 8*691 

^        4       „  „  8621 

6    ...  „  8-369 

la       „                  ,.  .....  7-689 

At  the  Elswick  Works  Captain  Koble,  B.A.,  confirmed  preyious  experiments  on  the 
capability  of  aluminium-bronce  to  resist  longitudinal  and  transyerse  nacture ;  and  in 
addition  to  this  he  ascertained  that  its  position  to  withstand  compression  stood  half- 
way between  that  of  the  finest  steel  and  the  best  iron. 

The  bronze,  containing  10  parts  of  aluminium  and  90  of  copper,  a£fbrds  an  alloy 
endowed  witii  the  greatest  strengtii,  malleability,  and  ductility.  The  colour  of 
the  copper  is  a£fected  by  a  yery  trifling  addition  of  the  other  constituent,  and  the 
alloy  gnuiually  improyes  in  these  yaluable  qualities  just  mentioned,  until  tiie 
proportions  giyen  aboye  are  reached.  After  this — i,e,  when  more  than  10  per  cent, 
of  ^uminium  enters  into  the  composition  of  the  bronze--the  alloy  gradually 
becomes  weaker  and  less  malleable,  and  at  length  so  brittle  that  it  is  easily  pounded 
in  a  mortar. 

JL^imiMlUBly  OB&OBma  OV.  A1<G1<»  188*9  (AlHn*).  Preparaium,-^ 
Chloride  of  aluminium  cannot  be  prepared  by  treating  alumina  with  hydrocnloric  add, 
as  in  the  case  of  most  chlorides ;  for  on  eyaporating  the  solution  to  dryness,  hydro* 
chloric  add  is  eyolyed  and  alumina  alone  remains. 

The  method  at  present  used  is,  in  prindple,  the  same  as  that  ori^nally  suggested 
by  Oersted,  which  has  since  found  numerous  other  applications.  It  is  impossible  to 
conyert  alumina  into  the  diloride  by  the  direct  action  of  chlorine  alone ;  at  any  tem- 
perature the  chlorine  is  as  incapable  of  displadng  the  oxygen  from  the  alumina  as  it 
would  from  lime.  But  if  the  attraction  of  the  chlorine  for  the  metal  be  supported  by 
the  affinity  of  carbon  for  the  oxygen,  Uien  the  compound  is,  as  it  were,  torn  asunder- 
carbonic  add  or  carbonic  oxide  resulting  on  the  one  hand,  and  the  chloride  of  alu- 
minium on  the  other. 

On  the  large  scale  the  chlorine  is  passed  oyer  a  preyiously  ignited  mixture  of  clay 
and  coal-tar,  contained  in  retorts  like  those  used  in  the  manu&cture  of  coal-gas, 
which  are  heated  in  a  furnace ;  the  chloride,  which  on  account  of  its  yolatility  is 
carried  o£^  being  condensed  in  a  chamber  lined  with  plates  of  earthenware,  where  it 
is  deposited  in  a  crystalline  mass. 

Properties.— It  is  a  yellowish  crystalline  solid,  readily  decomposed  by  the  moisture 
of  the  air  into  hydrochloric  add  and  alumina,  and  yolatile  at  a  dull  red  heat  It  is 
Tery  soluble  in  water,  but  cannot  be  recoyered  by  eyaporating  the  solution.— H.M.'W. 

Chloride  of  aluminium  has  been  brought  into  use  as  a  disinfectant  under  the  name 
of  Cklordum. 

AZmOMlUBIt  niVOaaa  OV.  AirF>  (Anx).  The  existence  of  the 
fluoride  of  aluminium  in  nature,  in  the  form  of  tne  double  fluoride  of  sodium  and 
aluminium,  namely,  SNa  F,  Al^F*  (SMbT,  AIV),  as  cryolite,  and  the  nse  of  this 
mineral  in  the  manufacture  of  aluminium,  haye  been  already  alluded  to.  The  fluoride 
of  aluminium  likewise  exists  in  seyeral  other  minerals,  namely,  the  topaz,  pycnite, 
fluellite,  chiolite,  pachnolite^  ffeaiksutite,  &e.       *        * 

The  pure  fluoride  can  only  be  obtained  artifldally  by  dissolying  pure  aluminium  i|i 
hydrofluoric  acid.  It  has  a  great  tendency  to  form  double  salts  with  the  fluorides  cf 
potassium  and  sodium. — ^H.  M.  W. 

JLZmiOCyuUJZTB.  a  milk-white  mineral,  from  iSbenstock,  in  Saxony.  It 
appears  to  be  an  impure  form  of  opal,  containing — ^in  addition  to  the  hydrous  silicift-' 
a  notable  proportion  of  lime  and  alumina. 

MXVJL  OT  JL&VA.    See  Espabto  Gbass. 

AkVXTB.    A  Norwegian  mineral,  described  by  Mr.  David  Forbes  and  Hr.  T. 
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BahlL  It  ui  s  htdrons  silicate  of  oompleoc  constitation,  oontaimiig  yttria,  thoria, 
ziroonia,  glucina,  axomina,  and  seflquiozide  of  iron. 

AMABOV.  {Amadou,  Fr. ;  Zundenchwamm,  .Ger.)  The  name  of  a  spongy  oom- 
bnstible  substance,  prepared  from  a  species  of  fungus,  the  JBoieius  iffniaHaSf  -whidi  grovs 
on  the  trunks  of  cherry-trees,  ashes,  beeches,  &c  ;  it  is  sometimes  known  as  spunk, 
and  as  touchwood,  but  commonly  in  this  country  it  is  called  Gemum  tinder.  It  must 
be  plucked  in  the  months  of  August  and  September.  This  plant  grows  horizonti^y 
on  the  seyeral  tarees  on  which  it  is  indigenous ;  when  it  makes  its  first  appearance  it 
is  a  little  round  wart-like  body,  not  larger  than  a  pea ;  it  gradually  increases  in  size 
and  hardness  till  it  becomes  of  a  darkish  brown,  and  is  as  large  as  an  apple.  It  after- 
wards takes  a  horisontal  direction,  forms  a  border,  ana  becomes  coyered  with 
numerous  dosely-packed  tubes  on  its  under  sur£Euse.  The  BoUtus  fomentarhu  is 
another  indigenous  fungus,  found  on  the  oak  and  birch.  This  is  also  used  in  preparing 
Jmadou.  It  was  formerly  used  in  surgery,  and  has  hence  been  called  Surgeon's 
Agaric.  Amadou  is  prepared  by  remoying  the  outer  bark  with  a  knife,  and  separating 
carefully  the  spongy  substanofr— of  a  yellow  brown  colour,  which  lies  within  it — f^m 
the  ligneous  matter  below.  This  substance  is  cut  into  tldn  slices,  and  beaten  with  a 
mallet  to  soften  it,  till  it  can  be  easily  pulled  asunder  between  the  fingers.  In  this 
state  the  hotetus  is  a  yaluable  substance  for  stopping  oozing  hemorrhages,  and  some 
other  surgical  purposes.  To  conyert  it  into  tinder  it  must  reoeiye  a  finishing  prepara- 
tion, which  consists  in  boiling  it  in  a  strong  solution  of  nitre,  drying  it,  beistting  it 
anew,  and  putting  it  a  second  time  into  the  solution*  Sometimes,  indc^  to  render  it 
yery  inflammable,  it  is  imbued  with  gunpowder,  whence  the  distinction  of  black  and 
brown  amadou. 

All  the  puff-balls  of  the  lyeopodium  genus  of  plants,  which  haye  a  fleshy  or  fila- 
mentous structure,  yield  a  tinder  by  soaking  in  gunpowder-water.  The  Hindoos 
employ  a  leguminous  plant,  which  they  call  solu,  for  the  same  purpose.  Its  thid^ 
.spongy  stem,  being  reduced  to  charcoal,  takes  fire  like  amadou.    See  Aoabic. 

IHfATtOAM.  When  mercury  is  alloyed  with  any  metal,  the  compound  is  called 
an  amalgam  of  that  metal ;  as,  for  example,  an  amalgam  of  tin,  bismuth,  &c. 

Some  amalgams  are  solids  and  others  fluids ;  the  former  are  often  crystalline,  and 
the  latter  may  be  probably  regarded  as  the  solid  amalgam  dissolyed  in  mercury. 

SUver  Anudgam  may  be  formed  by  mixing  finely-diyided  silyer  with  mercury.  The 
best  process  is  to  precipitate  silyer  from  its  solution  by  copper,  when  we  obtain  it  in 
a  state  of  fine  powder,  and  then  to  mix  it  with  the  mercury. 

A  natiye  amalgam  of  mercury  and  silyer  occurs  in  fine  crystals  in  the  mines  of 
Hoschellandsberg,  in  the  Palatinate :  it  is  said  to  be  found  where  the  yeins  of  copper 
and  silyer  intersect  each  other.  Its  existence  is  also  recorded  in  Hungary  and 
Sweden ;  at  Allemont,  in  Dauphin^ ;  Almaden,  in  Spain ;  Kongsberg,  in  Norway ;  and  in 
Chili ;  and  the  following  ancJyses  haye  been  quoted : — 

Silyev  Mercury  - 

Moschellandsbeig       •        •        •    86*0    •        .        •    64*0  by  Elaproth. 

Ditto  .        .        .    26*0    .        .        .    73-8    „  Heyer. 

Allemont    •       •       •       .       .    27*5    •       «       •    72*6   „  Cordier* 

If  six  parts  of  a  saturated  solution  of  nitrate  of  silyer  with  two  parts  of  a  saturated 
solution  of  the  protonitrate  of  mercury  are  mixed  with  an  amalgam  of  silyer  one  part 
and  mercury  seyen,  tiie  solution  is  speedily  filled  with  beautifbl  arborescent  crystals 
--the  Jfhor  JHanm,  the  tree  of  Diana,~or  the  silyer  tree. 

.  CMd  Anudgam  is  made  by  heating  together  mercury  with  grains  of  gold,  or  gold- 
foil  ;  when  the  amalgam  of  gold  is  heated,  the  mercury  is  yolatilised  and  the  gold 
left.  This  amalffam  is  employed  in  the  process  known  as  that  of  fire-gilding,  although, 
since  electro-gilding  has  been  introduMd,  it  is  not  so  £re^uentiy  employed.  A  gold 
amalgam  is  obtained  from  the  platinum  region  of  Columbia ;  and  it  has  been  reported 
from  California,  empecially  ftom  near  Muiposa.  Schneider  giyes  its  composition, 
mercury,  57*40 ;  gold,  88*89 ;  silyer,  5*0. 

Tin  Amaham, — ^By  bringing  tinfoil  and  mercury  together,  this  amalgam  is  formed, 
and  is  used  for  silyering  looking-giasses.  If  meltea  tin  and  mercury  are  brought 
together  in  the  proportion  of  three  parts  mercury  and  one  pert  tin,  the  tin  amalgam 
is  obtained  in  cubic  crystals.    See  £tai,ysBiMO  Qziss. 

EUctrie  Maekine  Amdgam.—'Mjdit  equal  parts  of  tin  and  sino  together,  and  add 
three  parts  of  mexenry;  the  mass  must  be  shaken  until  it  is  odd,  and  rubbed  down 
with  some  lard  to  giye  it  the  proper  consistence. 

Sodium  Amalgam,  used  for  separating  gold  fh>m  its  ores.    See  €k>u>,  SiLyHB. 

Copper  Amalaam, — ^The  French  dentists  hayo  long  made  use  of  this  for  stopping 
teeth.  .It  is  fold  in  small  rolls  sd  about  a  drachm  and  a  half  in  weight ;  it  is  coyered 
witli  a  greyish  tarnish,  has  a  liardness  much  greater  than  that  of  bona^  and  its  c(^esion 
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and  solidity  are  oonsiderable.  When  heated  nearly  to  the  point  of  boiling  water  this 
amalgam  sweUa  up,  drops  of  mercury  exuding,  which  disappear  again  on  the  cooling 
of  the  substance.  If  a  jnece,  thus  heated,  be  rubbed  up  in  a  mortar,  a  plastic 
mouldable  mass,  like  poor  day,  is  obtained,  the  consistence  of  which  may,  by  con- 
tinued kneadingi  be  increased  to  that  of  &t  clay.  If  the  moulded  mass  be  left  n)r  ten 
or  twelve  hours,  it  hardens,  aoquizing  again  its  former  properties,  without  altering  its 
specific  gravity.  Hence  the  stopping^,  ahst  it  has  hardened,  remains  tightly  fixed  in 
toe  hollow  o£  the  tooth.  The  soifcening  and  hardening  may  be  repeated  many  times 
with  the  same  sample.  Pettenkofer  ascribes  these  phenomena  to  a  state  of 
amorphism,  into  which  the  amalgam  passes  from  the  crystalline  condition  in  the 
process  of  softening.  All  oopper  amalgams  containing  between  0*25  to  0*80  of  copper 
exhibit  the  same  behaviour.  The  above  chemist  recommends,  as  the  best  mode  of 
preparing  this  amalgam,  that  a  crystalline  paste  of  sulphate  of  suboxide  of  mercury 
(prepared  by  dissolving  mercury  in  hydxated  sulphuric  acid  at  a  gentle  heat)  be 
saturated  under  water  at  a  temperature  of  ftom  60^  to  70^  with  finely  ^vided 
reguline  copper  (prepared  b^  precipitation  firom  sulphate  of  oopper  with  iron).  One 
portion  of  uie  oopper  predmtates  the  mercury,  with  formation  of  sulphate  of  copper ; 
the  other  portion  yielos  with  mercury  an  amalgam  :  100  parts  of  dissolved  mercury 
require  the  copper  precipitated,  by  iron,  from  232*5  parts  of  sulphate  of  copper.  As 
in  dissolving  uie  mercury  the  protoxide  is  easily  formed  instead  of  the  suboxide,  par- 
ticularly if  too  high  a  temperature  be  maintained,  it  is  advisable,  in  order  to  avoid  an 
excess  of  mercury  in  the  amalgam,  to  take  223  parts  of  sulphate  of  ooi^wr,  and  to  add 
to  the  washed  amalgam,  whidi  is  kept  stirred,  a  quantity  of  mercury  in  minute 
portions,  correspondi^  to  the  amount  of  suboxide  contained  in  the  mercury  salt,  until 
the  whole  has  become  sufficiently  plastic  This  amalgam  may  be  obtained  by 
moistening  finely-divided  oopper  with  a  few  drops  of  a  solution  of  nitrate  of  suboxide 
of  mercury,  and  then  triturating  the  metal  with  mereoxy  in  a  warmed  mortar.  The 
rubbing  may  be  oontinued  for  some  time,  and  ma^  be  carried  on  under  hot  watery 
mercury  being  added  until  the  required  consistence  is  attained. 

A  remarkable  depression  of  temperature  during  the  combination  of  amalgams  has 
been  obserred  by  several  diemists. 

Doboreiner  states  that  when  816  grains  of  amalgam  of  lead  (404  mercury  and  412 
lead)  were  mixed,  at  a  tempeiature  of  68%  with  688  grains  of  the  amalgam  of 
bismuth  (404  mercury  and  284  bismuth)  the  tempeiature  suddenly  fell  to  30^,  and  by 
the  addition  of  808  grains  of  mercury  (also  at  68^),  it  became  as  low  as  17^ ;  the  total 
depression  amounting  to  51% 

In  certain  proportions  of  mixture  of  the  constituents  of  fusible  metal  (tin,  lead,  and 
bismuth)  with  mercury,  Dobereiner  formed  surprising  depressions  of  tempeiature ;  the 
temperature,  he  records  of  one  experiment,  sau:  instantly  from  65^  to  14% 

AMULtMAMATZOm,    See  GoLD  and  SiLVXB. 

AMASIO  AOXD,  A  feeble  add  obtained  by  decomposing  cafi&ine  with 
chlorine.       ..... 

AMASnnVB.    An  albuminous  compound,  sai4  to  exist  in  sweet  almonds. 

AXAMTTA  mmCABZA.  A  poisonoios  fUngus '  used,  in  j^mtschatka  and 
Siberia  as  a  narcotic  and  intoxicating  agent.  The  spedflc  name  has  reference  to  its 
use,  when  steeped  in  milk,  as  a  fly-poison.  An  oz^|anic  base,  called  amtmitine^  has 
been  separatea  from  this  fungus,  fiy  some  authonties  the  poisonous  properties  axe 
referred  to  the  presence  of  a  peculiar  add  called  miucano  aoid. 

AXAmnra,  or  Betuoline,  C^H^*  (0**M'*V*).  An  organic  base  obtained 
by  boiling  hydrobenzamide  with  solution  of  caustic  potash.  The  hydxobennmide  is 
prepared  by  the  action  of  ammonia  on  pure  oil  of  bitter  almonds. 


AMASOVSTOVB.  AbUdsh-gMenvariety  of  Felspar  (OrthodaseV  It  is  found 
at  Lake  Ilmen  in  Bussia,  of  a  verdigris-green  varietur.  That  tram  Baiical  in  Siberia 
is  composed  of  silvery  spangles  in  a  green  base,  of  which  small  vases  and  other  oma» 
ments  are  made.    See  Albpab. 

AXBABf  UEQVIB-  (AmbreLiguidet'FT.)  In  former  editions  of  this  Didionaiy, 
the  liquid-am^,  as  it  was  called,  was  confounded  with  liquid  storax  or  styrax.  It 
is  obtained  from  the  Lijuidambar  gfyraeiflua  of  Tjinnwis,  growing  in  Louisiana  and 
Mexico,  whereas  the  9tara»  is  procured  diiefiy— it  is  now  entirely— ftom  Trieste; 
storax  was  originally  extnusted  .fh>m  the  8iyra»  officinalia,  whidi  grows  in  various 
parts  of  Greece,  but  this  resin  is  lost  to  commerce,  and  the  present  oommerdal  liquid 
storaz  appears  to  be  obtained  from  LiqmtUmbar  orimUale  (Miiller).  Pereira,  quoting 
Buchnei^s  '  Bepertorium,'  informs  us  that  the  storaz  is  known  in  the  East  as  5ifdkin- 
Jag,  Liffuid-ambar  is  rarely  used  in  any  art  or  manufacture.  It  is  brownish  adi- 
grey,  of  tne  oxudstenee  of  turpentine,  dries  up  readily,  smells  agreeably,  like  benaoin, 
has  a  bitterisbf  sharp,  burning  taste ;  is  soluble  in  4  parts  of  alcohol,  and  contains 
only  1*4  per  eent  of  benoio  add. 
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(Amoim,  Fr.;  Bermtehh  Ger.)  The  Eleeir&n  of  tba  Greeks,  to  whom 
tliis  subetanoe  appeam  to  have  been  well  known.  From  its  peculiar  property  ci 
manifesting  eleotaoal  phenomena,  we  have  derived  oar  word  eUetridi^.  It  appears 
to  have  been  known  to  the  Bomans  under  tiie  names  of  iynourium  (a  name  also 
applied  by  Theophrastns  to  a  gem-stone,  perhaps  either  tonrmaline  or  zircon),  and, 
because  of  its  supposed  vegetable  origin,  sticoi$tum.  The  ancients  also  gave  the  name 
eleetrum  to  a  yellow  metal  containing  gold  and  silver.    See  Elbotbttk. 

Amber  is  a  mineral  solid,  of  a  yellow  colour  of  varioas  shades,  which  burns  entirely 
away  with  flame,  and  ccmsists  of  carbon,  hydrogen,  and  oxygen,  in  ne^lv  the  same 
propoartions,  and  in  the  same  state  of  combination,  as  in  vegetable  resin.  The  chemical 
eompotitioii  of  amber,  according  to  Schrotter,  is — 

Carbon 78*82 

Hydrogen  .........    10*23 

Wjgfijx ,      .    10*9 

Its  spedflc  gravity  varies,  by  Dr.  Tire's  trials,  frcm  1*080  to  1*085.  It  becomes 
negatively  and  powwrfoUy  electrical  by  firiotion.  When  applied  to  a  lighted  candle 
it  takes  Are,  swells  considerably,  and  exhales  a  white  smoke  of  a  pungent  odour ; 
but  does  not  run  into  drops.  Copal,  which  resembles  it  in  several  respects, 
differs  in  being  softer,  and  in  melting  into  drops  at  the  flame ;  and  mellite,  or 
honey-stone,  -^mch  is  a  mineral  of  a  similar  colour,  becomes  white  when  laid  on  a 
red-hot  coaL 

The  texture  of  amber  is  resino-vitreous,  its  fracture  oonchoidal,  and  lustre  glassy. 
It  is  perfectly  homogeneous ;  suffidentlv  hard  to  scrat<^Lgypsum,  and  to  take  a  fine 
polish.  It  is,  however,  scratched  b^  calcareous  spar.  Vthen  amber  is  distilled  in  a 
retort,  crystalline  needles  of  succimc  add  sublime  into  the  dome,  and  oil  of  amber 
drops  ttom  the  beak  into  the  receiver.  Fossil  resins,  such  as  that  of  Higfagate, 
found  in  the  London-clay  Ibrmation,  do  not  afibrd  suodnio  add  by  heat ;  nor  does 
copaL 

It  is  now  admitted  that  amber  is  not  a  simple  resin.  For  the  most  part  it 
consists  of  a  peculiar  resin,  which  is  said  to  resist  the  action  of  all  known  solvents ; 
and  it  is  to  this  substance  that  Dana  has  applied  the  term  woeinit^t  as  a  definite 
mineral  spedes.  But  in  addition  to  this  resin — ^which  forms  from  85  to  90  per  cent, 
of  amber — there  are  two  other  redns  soluble  in  alcohol  and  ether,  together  with  the 
oil  and  suodnic  add  above  mentioned.  It  would  appear  that  several  distinct  resinous 
sobstanees,  ocouning  in  a  fbssil  state,  have  been  classed  together  under  the  common 
name  of  amber,  while  in  commerce  copal  and  gum  anime  are  occasionally  sold  for  true 
amber. 

When  amber  is  found  embedded  in  its  original  position,  it  is  nsoally  in  beds  of  the 
brown-coal  Ibrmation  of  lower  tertiary  age ;  but  fossil  resins,  apparently  identical 
with  amber,  also  occur  in  upper  cretaceous  rocks,  and  in  strata  of  even  greater  age. 
As  a  rule,  the  amber  is  fouiKl  almost  uniformly  in  separate  nodules,  disseminated  in  the 
sand,  day,  or  fragments  of  lignite  of  the  plastic-clay  formation.  The  size  of  these 
nodides  varies  from  that  of  a  nut  to  a  man  s  head ;  but  this  magnitude  is  very  rare  in 
tzue  amber.  It  does  not  occur  dther  in  continuous  beds,  like  Uie  chalk-flints,  or  in 
vdns ;  but  it  lies  at  one  time  in  the  earthy  or  friable  strata  which  acoom^ny  or 
indude  the  lignites ;  at  another  entangled  in  the  lignites  themselves.  The  pieces  of 
amber  found  m  tiie  sands,  and  other  formations  evidently  alluvial,  those  met  with  on 
the  sea-coasts  of  certain  countries,  and  especially  Pomerania,  come  undoubtedly  from 
the  above  geologioal  Ibrmation ;  for  the  organic  matten  found  still  adhering  to  the 
amber  leave  no  doubt  as  to  its  prunitive  place. 

Hie  vegetable  origin  of  amber  is  satis&etorily  determined  bj  its  chemical  oompod- 
tion,  its  optical  promrtiee, — as  shown  by  Sir  David  Brewster, — and  by  the  condition 
in  whidi  insects  and  the  remains  of  insects  are  found  in  this  redn,  along  with  frag- 
ments of  leaves  and  stalks.  Certain  fiftmiliee  of  insects  occur  more  abimdantly  than 
others.  Thus  the  hymenopiera,  or  insects  with  four  marked  membranaceous  wings, 
as  the  bee  and  wasp,  are  not  abundant  The  diptera,  or  insects  with  two  wings,  as 
fliats  and  flies,  are  more  numerous.  Then  come  the  spider  tribe,  some  eoUofiera 
(insects  with  cmstaceous  shells  or  elytra,  which  shut  togetner  Itnd  fiorm  a  longitudinal 
suture  down  the  back),  or  beetles — ^principally  those  whidi  live  on  trees,  as  the 
elateride$,  as  leapers,  and  the  okryaomdida.  The  insects  appear  evidently  to  have 
stzuggled  after  being  entangled  in  the  then  viscous  fluid,  and  oeeadonsJbr  a  leg  or  a 
wing  is  fbund  at  some  distance  from  the  body,  idiich  had  been  detadied  in  the  eflbrts 
of  the  insect  to  escape  frcmi  the  resin.  Goppert  has  named  the  tree  supposed  to  have 
yielded  most  cmP  the  amber,  i^iftt^  suoeintfer,  but  he  has  shown  that  sevenl  othse 
coidfiBeoiis  trees,  «f  older  tertiaiy  aget  havo  &Im  yielded  this  pvodii^ 
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Germar  and  Schveiger  state  that  the  ioBects  enveloped  in  amber  are  in  general 
finch  as  sit  on  the  trunks  of  tr^es,  or  live  in  the  fissures  of  their  bark.  These 
naturalists  have  not  been  able  to  refer  them  to  any  living  speoies ;  but  it  has  been 
observed  that  they  resemble  more  the  insects  of  hot  climates  than  those  of  the  tempe- 
rate zones.  The  Bev.  F.  W.  Hope,  F.RS.,  in  his  paper  on  the  *  Suodnic  Insects/ 
states  them  to  be  altogether  extra-European.  D.  T.  Tossler  sent  to  the  Exhibition,  in 
1861,  a  pece  o£  amb^  containing  the  leg  of  a  toad. 

Amber  is  found  abundantly  on  the  Prussian  coast  of  the  Baltic,  occurring  from 
Dantzic  to  Hemel,  especially  between  Fillau  and  Borfe  Qross-Hubnidken.  It  is  ahM 
/ound  in  many,  of  the  lignite  workings  opened  in  the  great  plain  of  North  Oermany. 
A  rich  and  imexpected  locality  was  discovered  a  few  years  ago  in  Knrland.  it 
occurs  also  on  the  coast  of  Demnark  and  Sweden ;  in  Gallicia,  near  Lemberg;  and  at 
Missan,  in  Poland;  in  Vorayia,  at  Boskowitz;  in  the  Uralian  Mountains,  Bussia; 
near  Christiania,  l^orwa^;  in  Switzerland,  near  Baslq,  and  other  places.  Small 
quantities  are  occasionally  found  in  the  clay  of  the  Paris  and  the  London  basins. 
<  Amber  is  occasionally  met  with  in  the  gravel-pts  near  London,  and  I  have  seen 
specimens  which  were  found  in  Hyde  Park.  At  Aldborough  after  a  raking  tide  it 
is  thrown  on  the  beach  in  considerable  quantities,  along  with  masses  of  jet' — 
Sev.  F,  W,  Hope^  Trans.  Ent.  Soc  On  the  Sicilian  coast  amber  is  sometimes  found 
having  a  peciuiar  blue  tinge.  Large  discoveries  of  amber  have  been  reported  fi:om 
Australia. 

Amber  is  collected  on  the  coast  of  Brussia  in  several  ways.  It  is  found  in  the 
beds  of  streams ;  in  the  sand-banks  of  rivers ;  in  pieces  thrown  up  by  the  sea  and 
rounded  by  the  waves ;  it  is  sought  for  in  the  cli£&,  and  in  some  places  miidng 
operations  for  it  are  carried  on. 

The  amber-fishers,  clothed  in  leather  dresses,  wade  into  the  sea,  and  seek  to 
discover  the  amber  boating  on  its  surface,  which  they  secure  with  bag-tiets  hung  at 
the  ends  of  long  poles.  G^ey  conclude  that  much  amber  has  been  detached  from  its 
bed,  when  they  discover  many  pieces  of  lignite  floating  about,  liiining  is  carried  on 
by  sinking  through  the  sand  and  superficial  strata  to  the  beds  containing  the  amber 
and  lignite ;  many  of  these  pits  are  sunk  to  the  depth  of  180  feet.  The  faces  of  the 
precipitous  difb  are  explored  in  boats,  and  masses  of  loose  earth  or  rode  supposed  to 
contain  the  object  of  search  are  detached  with  long  poles  having  iron  hooks  at  their 
ends. 

The  most  extensive  use  of  amber  is  for  the  construction  of  mouth-ideces  to  pipes ; 
these  form  an  essential  constituent  of  the  genuine  meerschaum  and  the  Turkish  pipe. 
There  is  a  current  belief  in  Turkey  that  amber  is  incapable  of  transmitting  infection, 
and  as  it  is  a  great  marie  of  politeness  to  oi&r  the  pipe  to  a  stranger,  this  supposed 
negative  property  of  amber  accounts  in  some  measure  for  the  estimation  in  which  it 
is  held.  Amber  neddaces  are  not  uncommon :  the  Bussian  peasant  ^Is  adorn  them- 
selves with  double  and  treble  rows  of  amber  beads,  but  it  not  unfr«quentiy  happens 
that  copal  is  substituted  for  the  genuine  article. 

The  Prussian  Government  is  sud  to  draw  a  considerable  annual  revenue  from 
amber.  A  good  piece  of  a  pound  weight  fetches  50  dollars.  A  mass  weighing  13 
pounds  has  been  found,  the  value  of  which  at  Constantinople  was  said  to  be  not  less 
than  80,000  dollars. 

When  amber  is  to  be  worked  into  trinkets,  it  is  first  split  on  a  leaden  plate  at  a 
lathe,  and  then  smoothed  into  shape  on  a  Swedish  whetstone.  It  is  polished  on  the 
lathe  with  chalk  and  water,  or  vegetable  oil,  and  finished  by  friction  with  fiannel. 

Amber,  after  having  been  fil^  may  be  polished  with  Trent  sand,  or  scraped 
Planders  brick  on  fiannel  with  water,  or  with  rotten-stone  with  oil  on  flannel,  or  the 
same  material  dry  on  the  hand.  Turned  works  are,  however,  generally  polished  flrst 
with  glass-paper  and  then  with  rotten-stone  and  oiL  Necklaces  and  other  ornaments 
in  amber  are  frequenUv  cnt  into  facets  by  the  gold-outters,  those  artisans  who  cut 
and  polish  &oettea  works. — HoUzapfftk 

From  the  electrical  character  of  amber,  it  frec^uenUy  during  the  process  of  polishing 
becomes  so  excited  as  to  cradc  and  fly  to  peces.  The  workmen,  therel&re,  take 
several  pieces,  and  work  them  each  for  a  short  time  and  in  regular  order.  These 
men  are  said  to  be  seised  with  nervous  tremors  in  their  wrists  and  arms  from  the 
electridty  thus  developed. 

Pieces  of  amber  may  be  neatly  joined  by  smearing  their  edges  with  linseed  oil  and 
pressing  them  strongly  together  wiiile  they  are  held  over  a  charcoal  Are. 

IIIBBII,  AdS  OV.    See Svoonao  Acm. 
.     IIIBBII,  0I&  or.    {OUum  9uocim),  This  is  obtained  by  distilling  amber,  for 
.which  purpose  chippings  of  amber  and  inferior  pieces  are  used.    When  it  is  distilled 
vith.  cfaarooal,  Jthe  first  product  is  the  rectified  cil  cf  amber.    The  oil  of  amber  has  a 
composition  of  Oi^W*(i^V')*    WJien  1  part  of  retted  oil  of  ambarisilissQLvedin 
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^  parts  of  aloohol  of  *SSO,  and  96  of  oanstio  ammonia  of  *0l$,  «m  de  Ium  is  formed. 
Ean  d6  luce  -was  a  celebrated  old  perAune,  bat  it  is  no-v  rarely  made. 

If  nitric  add  is  poured  into  eau  de  luce  a  yiscid  resinous  mass  is  formed,  which  has 
the  smell  of  mnak,  and  is  known  as  artifioial  mutk.  Formerly  this  preparation,  dis- 
solred  in  alcohol,  was  considered  as  a  spediio  in  whooping-cough,  ana  it  was  fro* 
qnantl J  administered  in  spasmodic  diseases. 

^IIIIBK  VAUfXm*  A  strong  and  durable  Tarnish  is  made  by  dissolving 
amber  in  dzring  linseed  oil.  The  amber  is,  however,  previouslj  heated  in  i&n  iron 
pot,  over  a  clear  red  fire,  till  it  softens  and  assumes  a  semi-fluid  form.  The  oil,  which 
has  been  also  made  hot,  is  to  be  poured,  on  the  melted  amber,  and  the  mixture  dili- 
gently stirred. 

The  following  proportions  are  stated  to  be  the  best: — 16  ounces  of  amber  and  10 
ounces  of  lixiseed  oiL  When  these  are,  by  the  above  method,  thoroughly  incorporated, 
and  the  liquid  is  somewhat  cooled,  a  pound  of  oil  of  turpentine  must  be  added 

Black  coaekanaktr*^  vamUh  is  prepared  b^  melting  16  ounces  of  amber  and  adding 
thereto  about  half  a  pint  of  boiling-hot  drying  linsMd  oil,  3  ounces  of  asphaltum,  and 
the  same  quantity  of  resin.  After  these  have  been  thoroughly  mixed  over  the  fire, 
the  vessel  containing  the  varnish  is  removed,  and,  after  cooling,  a  pint  of  warm  oil  of 
turpentine  is  added. 

Amber  is  composed  of  a  mixture  of  resins,  two  of  which  are  soluble  in  alcohol 
ether,  and  in  certain  hydrocarbons ;  whilst  the  third,  which  forms  by  far  the  greater 
part  of  the  amber,  is  insoluble  in  all  known  solvents.  Varnishes  are  prepared  from 
the  soluble  portions,  and  sold  under  the  name  of  amber  spirit  vamiehee  ;  but  these  are 
frequently  composed  of  eitiier  copal  or  mastic.  They  have  been  much  used  for 
varnishing  coUodion  pictures. 

{Ambregrie,  Fr.;  Ambra,  Ger.)    A  morbid  secretion  from  the 


liver  and  intestines  of  the  spermaceti  whale  (Ph/eeter  macroamhalue).  It  is  found 
usoalbr  swimming  on  the  sea  upon  the  coasts  of  Coromandel,  Japan,  the  Moluccas, 
and  Madagascar,  and  also  on  various  parts  of  the  east  coast  of  Africa.  Ambergris 
has  not  been  found  in  any  whales  but  such  as  have  been  dead  or  sick ;  its  production 
has  therefore  been  attributed  to  disease.  As  portions  of  the  food  of  the  whale  are 
invariably  found  in  any  large  pieces  of  ambergris,  there  is  little  doubt  that  it  origi- 
nates in  the  intestines  of  that  animal. 

The  best  ambergris  is  ash-coloured,  with  yellow  or  blackish  veins  or  spots,  scarcely 
any  taste,  and  very  little  smell  unless  heated  or  much  handled,  when  it  yields  an 
afcreeable  odour.  Exposed  in  a  silver  spoon  it  melts  without  bubble  or  scum,  and  on 
ihB  heated  point  of  a  knife  it  vaporises  completely  away. 

The  Chinese  try  the  genuineness  of  ambergns  bv  scraping  it  fine  upon  boiling 
tea ;  it  should  dissolve  and  difihse  itself  generally.  Black  or  white  is  bad ;  the  smooth 
and  uniform  is  generally  factitious.  It  has  often  a  black  streak,  or  is  marbled  yellow 
and  black ;  has  a  fatty  taste,  is  lighter  than  water,  melts  at  60^  C.  (140^  F.),  dissolves 
readily  in  absolute  alcohol,  in  ether,  and  in  both  fat  and  volatile  oils. 

The  chemical  composition  of  ambergris  is  represented  by  the  following  formula, 
C**  H"  0  (O"  H**  O).  Tme  ambergris  is  very  rarely  met  with,  by  tax  the  largest 
proportion  of  that  which  is  sold  as  ambergris  beiJug  a  preparation  scented  with  civet  or 
musk.  The  alcoholic  tincture  of  ambergris  is  highly  fiuorescent  in  sunlight,  exhibiting 
a  characteristic  yellow  green  rim  on  the  surface  <a  the  solution.  This  is  a  test  by 
which  genuine  ambergris  mav  be  distinguished  frrom  such  as  is  spurious. 

Capt  Alex.  Hamilton,  in  his  *  Thirty  Years'  Expedience,'  says,  *  Sometimes,  in  the 
south-west  monsoons,  they  find  ambergrease  floating  on  the  sea.  I  saw  a  piece  in 
Adda  Bigah's  possession  as  big  as  a  bushel ;  and  he  valued  it  at  10,000  rupees,  or 
1,260L  sterling.'  This  was  at  the  Laccadive  IsUnds,  170  miles  from  the  Malabar 
Coast— iV^tftP  Account  of  the  East  Indies,  1688  to  1730. 

In  France  the  duty  upon  ambergris  is  62  francs  per  kilogramme  when  imported  in 
French  vessels,  and  67  francs  when  imported  in  foreign  vessels. 

Mr.  Temnle,  of  British  Honduras,  speaks  of  an  odorous  substance  thrown  off  by  the 
alligator,  wnidi  appears  to  resemble  ambergris. 

HMWOWMJL  IRTOOB.  A  beautiful  i^)od  much  used  for  inlaid  work.  Several 
varieties  are  imported,  but  pobably  all  are  produced  by  one  species — the  Pterosper' 
mum  IndJoum,  a  tree  belonging  to  tlie  Byttneriacea,  or  chocolate  order. 

AJOPMnm.  The  fragrant  substance  of  ambergris,  which  may  be  obtained  by 
digesting  ambergris  in  hot  alcohol,  from  which,  on  cooling,  it  is  deposited  in  a 
crystalline  form.    It  is  composed  of  C  88*87,  H  3*32,  0  3*31. 

il  WI'l'JL  A  fossil  resin  occurring  in  large  masses  in  New  Zealand,  and  much 
jresembling  the  common  resin  of  the  Dammara  Australis,  with  which  it  is  often  exported. 

AMWOMMau  A  resinous  mineral  found  in  the  phoephatdc  beds  near  Charleston, 
Booth  £lsiQlina,U.& 
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WVi  (Jmkhfftie  ooeidentaUt  "Ft,  ;  AmdhyH,  0«r.)  One  of  the  Tilveaiui 
yarieties  of  quarts,  of  a  dear  pnn>le  or  bluish-violet  tint ;  but  the  colour  is  frequently 
irregulariy  difftiBod,  and  gradually  fitdes  into  white.  The  colour  is  8umK)8ed  to  b* 
due  to  the  presence  of  a  sniallperHsentage.of  manganese,  but  Heinta  attributes  it  to  a 
compound  of  iron  and  soda.  G^ie  amethyst,  from  the  beauty  of  its  colour,  has  always 
been  esteemed  and  used  in  jewelleiy.  It  was  one  of  the  stones  called  by  the  ancients 
^i^UBwnoSf  a  name  which  they  oonfeired  on  it  from  its  supposed  power  of  preserving 
the  wearer  from  intoxication.  The  most  beautiful  specimens  are  procured  from 
India,  Ceylon,  and  Persia,  where  they  occur  in  geodes  and  pebbles :  it  is  also  found 
at  Oberstein,  in  the  Palatinate ;  in  Ttansylvania ;  near  Cork,  and  in  the  Ldand  of 
May,  in  Ireland.— H.  W.  B. 

AMBTBTBTy  OBBUnPAK.  {AmUkyiU  otientak,  Er.;  Jkmaniapath,  Ger.) 
This  term  is  applied  to  those  yarieties  of  corundum  whioh  axe  of  a  violet  colour.  See 
OoBuin)TTM.~H.  V.  B. 

AMTAWTJimi  is  the  name  given  to  the  whiter  and  more  delicate  varieties  of 
asbestos^  which  possess  a  satin-like  lustre,  in  consequence  of  the  greater  separation  of 
the  fibres  of  which  they  are  composed.  A  variety  of  amianthus  (the  amkmthoide  of 
Haiiy)  is  found  at  Oisans,  in  Fruioe,  the  fibres  of  which  are  in  some  degree  elastie. 
The  word  amianthus  (from  iiftieufTos,  undefiled)  is  expressive  of  the  easy  manner  by 
which,  when  soiled,  it  may  be  cleansed  and  restored  to  its  original  purily,  by  being 
heated  to  redness  in  a  fire.    See  Asbbstos. 

AMIBB,  This  term  and  amidoffen  are  applied  to  a  oUss  of  substances  which 
contain  ammonia  deprived  of  an  atom  of  hydrogen. 

•    A  name  given  to  the  soluble  portion  of  stardu 
The  name  for  stardi  on  the  Continent 

Chemical  substances  resembling  AmideSt  but  containing  basic  radicals. 
See  Watts's  *  I^ction^  of  Chemistry.' 

AXMOVZA.  NIP.  (U,  Vft.  17.  {Ammoniaoue,  Er. ;  AmmmiaJk,  Ger.)  The  name 
given  b^  Bergman  in  1782  to  the  gas  prepared  by  treating  sal-ammoniac  with  lime  or  ^ 
a  caustic  alloili.  It  was  first  isolatea  by  Br.  Black  in  17^f  and  distinguished  by 
him  from  its  carbonate,  with  which  it  had  been  previously  confounded.  The  aqueous 
solution  had  been  long  known,  and  is  mentioned  by  Baymond  Lully  in  the  thirteenth 
century.  Ammonia  being  a  product  of  the  putre&ctive  decay,  as  well  as  of  the 
destructive  distillation  of  organic  substances  containing  nitrogen,  is  widdy  difihsed 
in  nature,  but,  from  the  very  drcumstanoes  of  its  formation,  it  is  rardy,  if  ever, 
evolved  in  a  free  or  uncombined  state.  It  exists  in  the  atmosphere,  though  the  relative 
quantity  is  small ;  according  to  Liebig,  if  all  the  ammonia  were  collected  at  the  levd 
of  the  sea  and  had  a  density  corresponding  to  the  atmospheric  pressure  there,  it  would 
form  a  stratum  less  than  a  quarter  of  an  indi  in  depth ;  yet  he  believes  that  the 
nitrogen  of  plants  is  derived  entirely  from  this  source.  The  opinions  of  diemists 
are,  however,  divided  upon  this  point ;  liebig's  view  is  supported  by  Bousdngault 
and  opposed  bpr  Mulder  and  Ville.  The  ammonia  present  in  the  air  is  carried  down 
by  rain,  sometimes  partly  in  the  form  of  nitrite  or  nitrate ;  the  nmTimwni  amount 
ox  combined  nitro^n  found  in  numerous  analyses  by  Lawes,  and  Qilbezt,  and  'W'ay, 
being  0*082  part  m  100,000  parts  of  rain-water.  Becent  experiments  by  Dr.  K. 
Angus  Smith  have  shown  that  the  proportion  of  ready-fSormed  ammonia  varies  with 
the  loc^ty ;  thus,  at  Valentia,  on  the  west  coast  of  Ireland,  it  was  as  low  as  0*018, 
whilst  from  the  burning  of  coals  and  other  causes,  and  the  diminished  area  of  ab- 
sorbent soil  and  vegetation,  it  rises  in  large  towns,  London  giving  0*345  and  Glasgow 
even  0*910  in  100,000.  In  addition  there  are  certain  nitrc^nous  bodies  capable  of 
yidding  ammonia,  designated  hj  Dr.  Smith  '  albumenoid  ammonia,'  since  it  is  formed 
when  these  bodies  are  treated  with  the  same  chemical  reagents  which  evolve  ammonia 
from  albumen. 

Ammonia  is  found  in  many  mineral  and  brine  springs,  some  kinds  of  zodc  salt,  in 
deep  well-water,  river-,  and  sea-water.  In  volcanic  districts  its  salts  are  at  times 
exhaled  in  such  quantity  as  to  form  an  artide  of  commerce.  The  eruption  of 
Vesuvius  in  1794  produced  so  much  sal-ammoniac  that  the  peasants  collected  it  by 
hundredweights ;  in  an  eruption  of  Heda  in  1846  a  similar  phenomenon  was  observed ; 
also  at  Etna  it  is  sometimes  found  in  suffident  abundance  to  create  a  profitable  trade. 
Dr.  Daubeny  is  of  opinion  that  the  volcanic  ammonia  is  produced  by  the  action  of 
water  upon  mineral  nitrides  (perhaps  the  nitrides  of  silicon),  similar  in  properties  to 
the  nitrides  of  titanium  and  boron,  which  have  been  recently  more  carefrilly  ex- 
amined by  M.  St  Claire  DevUle.  The  iuffiani  oi  Tuscan^r  yidd,  besides  boradc  add 
and  several  diiferent  salts,  sulphate  of  ammonia  as  an  important  by-pvo^biofc.  All 
cultivable  soils,  espedally  those  of  ferruginous  or  argillaceous  nature,  contain  an 
appredable  quantity  of  ammonia,  and  a  considerable  evolution  oi  its  salts  has  been 
observed  recently  on  meadow-land  being  overflowed  by  a  stseam  of  Umm    Tho 
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thiarida  lias  alao  Seen  found  as  a  sublimate  arising  from  the  oombnsdon  of  ooal 
ftcata.  Salts  of  ammonia  exist  in  plants,  but  to  a  mnch  greater  eadent  in  the  liquid 
and  solid  excrements  of  some  animals.  As  a  urate  it  forms  the  chief  constituent  of 
the  excrement  of  the  boa,  as  ^rell  as  that  of  many  birds :  hence  the  large  quantity  of 
ammoniacftl  salts  in  guano.    See  Gxjano. 

In  the  guano  deposits  of  South  America  large  quantities  of  bicarbonate  haye  been 
met  -with  and  exported  to  Europe.  In  several  manufacturing  processes  ammonia  is 
generated  as  in  the  purification  of  caustic  soda,  by  heating  it  iritix  nitrate  of  soda, 
and  possibly  in  this  process  in  sufficient  quantity  to  pay  for  condensation ;  but  of  all 
Bomeoes  of  >^ply  the  so-called  *  ammoniacal  liquor  of  the  gas-irorks  is  the  most 
important.  Tms  is  produced  during  the  dry  distillation  of  coal  for  the  manufiictare 
of  illuminating  gas,  and  consists  mainly  of  an  aqueous  solution  of  seequicarbonate  of 
ammonia  ivith  some  sul^de  and  sulphooyanide  of  ammonium,  &o. 

Forwkiiwn  ofJmmomuu — ^No  process  has  yet  been  devised  for  inducing  the  direct 
combination  d!  nitrogen  and  hycbogen  to  produce  ammonia ;  but  under  the  disposing 
influence  of  the  production  of  other  compounds,  in  the  presence  of  these  elements,  as 
well  as  irhen  these  gases  are  presented  to  each  other  in  the  nascent  state,  their  union 
Ssefiboted. 

Thus,  vhen  electric  sparks  are  passed  through  a  mixture  of  nitro^n  and  oxygen 
in  the  presenoe  of  hydroj|;en  and  aqueous  vapour,  nitrate  of  ammoma  is  generated. 
If,  idiue  zino  is  being  dissolved  in  sulphuric  add,  nitric  add  be  added,  much  am- 
monia is  formed  (Namt) ;  so  again,  if  hydrogen  and  binoxide  of  nitrogen  be  passed 
over  spongy  platinum,  torrents  of  ammonia  are  produced,  the  hydrogen  converting 
the  ojnrgen  ^  the  binoxide  into  water,  when  the  nitrogen,  at  the  moment  of  its 
liberation,  combines  with  the  hydrogen  to  form  ammonia. 

It  has  even  been  proposed  to  cany  out  this  last  method  on  a  manu&cturing 


Messrs.  Crane  and  Jullien,  in  their  patent  of  January  18, 1848,  describe  a  method 
of  manufsctoring  ammonia  in  the  state  of  carbonate,  hydrocyanate,  or  free  ammonia, 
bv  passing  any  of  the  oxygen  compounds  of  nitrogen,  together  with  any  compound 
of  hydrogen  and  carbon,  or  any  mixture  of  hydrogen  with  a  compound  of  carbon  or 
even  free  hydrogen,  throu^^  a  tube  or  m>e  containing  any  eatalytio  or  contact  sub- 
stance, as  follows : — Oxides  of  nitrogen  (such,  fbr  instance,  as  the  gases  liberated  in 
the  manu&cture  of  oxalic  add),  however  procured,  are  to  be  mixed  in  such  pro- 
portion with  an^  compound  of  carbon  and  hydrogen,  or  such  mixture  of  hydrogen 
and  carbonic  oxide  or  add  as  results  from  the  contact  of  the  vapour  of  water  with 
ignited  carbonaceous  matters,  and  the  hydrogen  compound  or  mixture  containing 
hvdrogen  may  be  in  sli^  excess,  so  as  to  ensure  the  conversion  of  the  whole  of  the 
nitrogen  contained  in  tne  oxide  so  employed  into  either  ammonia  or  hydrocyanic 
add,  whidi  may  be  known  by  the  absence  of  the  characteristic  red  frunes  on  allowing 
some  of  the  saseous  matter  to  come  in  contact  with  atmospheric  air.  The  catalytic 
substance  which  Messrs.  C^ane  and  Jullien  prefer  is  platinum,  which  maj  be  in  the 
state  of  sponge,  or  it  maybe  asbestos  coated  with  platinum.  This  catalytic  substance 
is  to  be  placed  in  a  tube,  and  heated  to  about  600^  P.,  so  as  to  increase  the  tempera- 
ture of  the  product,  and  at  the  same  time  prevent  the  deposition  of  carbonate  of 
ammonia,  whidi  passes  onwards  into  a  vessel  of  the  description  well  known  and 
employed  fjar  the  purpose  of  condensing  carbonate  of  ammonia.  The  condenser  for 
this  purpose  must  be  fttmiidied  with  a  safety  pipe,  to  allow  of  the  escape  of  unoon- 
densed  matter,  and  made  to  dip  into  a  solution  of  anv  substance  capable  of  combining 
with  hydrocyanic  add  or  ammonia  -vriiere  they  would  be  condensed.  A  solution  of 
salt  of  iron  is  preferable  fbr  this  purpose.^ 

Ckemieal  Characters. — ^The  gaseous  ammonia  liberated  £Rxm  its  salts  by  lime  (in  a 
manner  to  be  afterwards  described)  is  a  colourless  gas  of  a  peculiar  pungent  odour. 
It  is  composed,  by  welg^  of  1  atom  of  nitrogen  and  8  of  hydrogen ;  or,  by  volume, 
of  2  measures  of  nitrogen  and  6  of  hydrogen,  condensed  to  four ;  and  may  be 
resolved  into  these  constituent  gases  by  pasring  over  spongy  platinum  heated 
to  re^MSB,  or  by  a  current  of  electric  sparks.  By  a  pressure  of  6*6  atmospheres  at 
50^  P.,  it  is  condensed  into  a  colourless  liquid.  It  is  combustible,  but  less  so  than 
hydrogen  on  account  of  the  incombustible  nitrogen  which  it  contains ;  but  its  inflam- 
mability may  be  readily  seen  by  passing  it  into  an  argand  gas  flame  reduced  to  a 


Ammonia  is  very  soluble  in  water,  water  at  82^  F.  absorbing  no  less  than  1,149 
times  its  volume  of  this  gas,  and  at  68^  681*8  times  its  volume ;  and  the  solution  has 
a  less  density  and  a  lower  boiling  point  than  pure  water.  The  following  Table 
of  the  dendt^  of  solntkms  of  ammonia  in  water,  of  different  strengths,  is  by  Dr. 

*  Sfaann.  Jomu  xifl«114« 
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Ammonia 
in  100 

WatarinlOO 

SpedfloOn^ty 
fay  Experiment 

in  100 

Water  in  100 

Spedflo  dravlfej 
bj  Experiment 

26-500 

73-500 

0-9000 

13-250 

86-760 

0*9466 

26176 

74-826 

0*9046 

11-926 

88*076 

0*9610 

23-850 

76-150 

0-9090 

10-600 

19-400 

0*9664 

22-526 

77-475 

0-9133 

9-276 

90-726 

0*9614 

21-200 

78-800 

0-9177 

7-960 

92-060 

0-9662 

19-876 

80-125 

0-9227 

6-626 

93*876 

0-9716 

18-660 

81-450 

0-9276 

5-800 

94-700 

0-9768 

17-225 

82-775 

0-9820 

3-976 

96025 

0-9828 

15-900 

84-100 

0*9368 

2-660 

97*350 

0-9887 

14-675 

86-426 

0-9410 

1-326 

98-676 

0*9946 

\ 

Upon  this  yanaUon  in  density  of  solationB  of  ammonia  in  propoition  to  their 
strength,  Mr.  J.  J.  Grifi&n  has  constructed  a  nsefal  instrument  callea  an  Amrnonia-iMier^ 
It  is  founded  upon  the  following  fSeicts : — ^That  mixtures  of  liquid  ammonia  "with  mtet 
possess  a  specific  grayitj  which  is  the  mean  of  the  specific  grayities  of  their  com* 
ponents;  that  in  all  solutions  of  ammonia,  a  quantity  of  anhydrous  ammonia,  weigh- 
ing 2121  grains,  which  he  calls  a  tett-aiomt  displaces  300  grains  of  water,  and  reduces 
the  spedfio  grayity  of  the  solution  to  the  extent  of  -00126;  and,  finally,  that  the 
stronffest  solution  of  ammonia  which  it  is  possible  to  prepare  at  the  temperaturd  of 
62^  r,  contains  in  an  imperial  gallon  of  solution  100  test-atoms  of  ammonia. 

We  extract  the  following  paragraph  from  Mr.  Griffin's  P&per  in  the  Transaction^ 
of  the  Chemical  Sodefy,  explanatory  of  the  accompanying  Table : — 

'  The  first  column  shows  the  specifie  gramty  of  the  solutions ;  the  second  colunln  th6 
meight  of  an  imperial  gallon  in  pounds  and  ounces ;  the  third  column  \ih^  fer-centage 
of  ammonia  by  weight ;  the  fouith  column  the  degrm  of  the  solution,  as  indicated  by 
the  instrument,  corresponding  with  the  number  of  tMi^atoiM  of  ammonia  present  in  a 
gidlon  of  the  liquor ;  the  fiftn  column  shows  the  number  of  grains  of  ammonia  con- 
tained in  a  gallon ;  and  the  sixth  column  the  aUyndo  volume  of  the  solution,  or  that 
measure  of  it  which  contains  one  test-atom  of  ammonia.  Por  instance,  one  gallon  of 
liquid  ammonia,  specific  grayitj  880,  wei^  8  lbs.  or  128  oz.  atoirdupois ;  its  per- 
centage of  ammonia,  by  weight,  is  33-1 1 7 ;  it  contains  96  test-atoms  of  ammom'a  in  one 
gallon,  and  20400*0  grains  of  ammonia  in  one  gallon;  and,  lastly,  104*16  septems 
containing  one  test-atom  of  ammonia.  Although  no  hydrometer,  however  accurately 
constructMl,  is  at  all  equal  to  the  Centigrade  mode  of  chemical  testing,  yet  the  Ammo- 
nia-meter, and  the  Table  aocompanying  it,  will  be  found  very  nserol  to  the  manu- 
facturer, enabling  him  not  only  to  determine  the  actual  strength  of  any  giyen  liquor, 
but  the  predso  amount  of  dilution  necessary  to  convert  it  into  a  liquor  of  any  other 
desired  strength,  whilst  the  direct  quotation  of  the  number  of  grains  of  real  ammonia 
contained  in  a  gallon  of  solution  of  any  specific  gravity  wiU  onable  him  to  judge  at  a 
glance  of  the  money-value  of  any  given  sample  of  ammonia.' 

Table  tflA/^M  Ammoma  (Griffin). 

One  Test-Atom  of  Anhydrous  AmmoniateNH*  wei^  212*6  gnuns. 
Spedfic  Gravity  of  Waters  1*00000.    One  Gallon  of  Water  weig^  10  lbs.,  and  con- 
tains 10,000  Septems.    Temperature  62^  F. 


Spcdflo  OmTity 
oftheLiqnid^ 

Wd^tofsn 

Impvial  Gallon  in 

AToirdupdi  \he» 

andoas. 

Ammonia  by 
Weifl^ 

TM-atoma 

of  Am. 

moBiaifi 

(me  Gallon 

Grains  oC 

Ammonia  in  one 

Gallon 

Septami 
containing  one 
TM-atomoT 

'      lb..     o«i.--i 

• 

-87600 

8       12-0 

84*694 

100 

21260*9 

100-00 

-87625 

8       12*2 

84-298 

99 

21087-6 

101-01 

•87760 

8      12-4 

88*908 

98 

20826-0 

102-04 

•87876 

«      12-6 

38*609 

97 

20612-6 

103*09 

•88000 

8       12-8 

33-117 

96 

20400-0 

104*16 

•88126 

8       13-0 

82-725 

96 

20187-6 

106*26 

•88260 

8      13-2 

82-836 

94 

19976*0 

106*38 

•88376 

8      13-4 

31-946 

98 

19762*6 

107*68 

•88600 

8      13-6 

31-668 

92 

19660*0 

108*70 

•88626 

8      18-8 

31-172 

91 

19337-5 

109-89  .> 

•88760 

8      140 

.    ^786 

90- 

19126-0 

lU'U 
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Table  of  Liquid  Jmmonia  (cDntiiraed). 


ft«ciao 


Qnyitf 
oCfbelJqiiU 


•88875 
-89000 
-89125 
-89250 
•89375 
-89500 
-89625 
•89750 
•89875 
•90000 
-90125 
•90250 
•90375 
-90500 
•90625 
•90750 
•90875 
•91000 
•91125 
•91250 
•91375 
•91500 
•91625 
•91750 
•91875 
•92000 
•92125 
•92250 
•92875 
•92500 
•92625 
•92750 
•92875 
•93000 
•98125 
•93250 
•98375 
•93500 
-93625 
•98750 
•93875 
•94000 
-94125 
•94250 
•94375 
•94500 
•94625 
•94750 
•94875 
•95000 
•95125 
•95250 
•94S75 
•95500 
•95625 
•95750 
•96875 
•96000 

•dom 


Weight  of  an 

Imperial  Gallon  in 

AroirdnpoiB  Iba. 

aadoBk 


Iba. 

8 

8 

8 

8 

8 

8 

8 

8 

8 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

0 

9 

9 

9 

0 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9^ 

9 

9 

9 

9 

9 

9 

9 


14-2 
14-4 
14-6 
14-8 
150 
15-2 
15-4 
15-6 
15-8 
00 
0-2 
0-4 
0-6 
0-8 
10 
1-2 
1-4 
1-6 
1-8 
20 
2-2 
2-4 
2-6 
2-8 
30 
3-2 
3-4 
3-6 
3-8 
4*0 
4*2 
4*4 
4*6 
4*8 
50 
5*2 
5*4 
5*6 
5*8 
6-0 
6*2 
6*4 
6*6 
6-8 
70 
7*2 
7-4 
7-6 
7-8 
8-0 
8*2 
8-4 
8^6 
8*8 
9*0 
9-2 
9*4 
9-6 
9-8 


Percentage  of 

Ammonia  hj 

Weight 


Test-atoms 
of  Am- 
monia in 
one  Qallon 


80*400 
30016 
29-633 
29-252 
28-871 
28-492 
28113 
27-736 
27^359 
26*984 
26-610 
26-287 
25-865 
26-493 
26123 
24-764 
24-386 
24-019 
23*663 
23*288 
22*924 
22*661 
22*198 
21*837 
21-477 
21-118 
20*760 
20*403 
20*046 
19-691 
19-337 
18-983 
18-631 
18-280 
17*929 
17-579 
17*231 
16-883 
16-536 
16-190 
15-846 
15-602 
16*158 
14*816 
14*475 
14*185 
18-796 
13-456 
13119 
12-782 
12*446  . 
12*111 
11*777 
11-444 
11*111 
10-780 
10-4490 
10-1190 
97901 


89 
88 
87 
86 
86 
84 
83 
82 
81 
80 
79 
78 
77 
76 
76 
74 
73 
72 
71 
70 
69 
68 
67 
66 
66 
64 
63 
62 
61 
60 
59 
58 
67 
56 
56 
64^ 
53 
52 
51 
60 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
88 
87 
86 
36 
34 
38 
32 
31 


Grains  of 

Ammonia  in  o 

Gallon 


18912*5 

18700*0 

18487-6 

18276-0 

18062-6 

17860*0 

17637*6 

17426-0 

17212-6 

17000-0 

16787-5 

16575-0 

16362-6 

16160-0 

16937-6 

16726-0 

15612-6 

15300*0 

16087*5 

14876*0 

14662-6 

14450-0 

14237-5 

14025*0 

13812*5 

13600*0 

13387*6 

13175-0 

12962-5 

127600 

12587*6 

12326*0 

12112-6 

11900*0 

11687*5 

11475*0 

11262*5 

11050*0 

10837*5 

10625-0 

10412-5 

10200*0 

9987*5 

97760 

9662-6 

98500 

9137*5 

8926*0 

8712-5 

8600*0 

8287*6 

8076*0 

7862*6 

76600 

7437-6 

72260 

7012-5 

6800*0 

6587*6 


Septems 
containing  one 
Test-atom  of 


112-36 
118-64 
114*94 
116*28 
117*65 
119*05 
120*48 
121*95 
123*46 
125*00 
126*58 
128*21 
129-87 
13168 
133-33 
13613 
136-98 
138*99 
140*86 
142-86 
144-93 
147*06 
149*26 
151-61 
158-86 
166-26 
168-73 
161-29 
163*93 
166-67 
169*49 
172*41 
176-44 
178*57 
181*82 
185*18 
188-68 
192*81 
196-08 
200-00 
204-08 
208-88 
212-77 
217-89 
222-22 
227*27 
232*56 
238*09 
243*90 
25000 
266-41 
26816 
270-27 
277-78 
286-71 
294-12 
303-03 
312-50 
d22*5a 
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TaUe  qf  Li^md  Ammonia  (oontimiecl). 


Specific  OrftTlty 

oftheliqoid 

AmmoniA 

WdffMofan 

Impo^  Gallon  in 

AToirdupdiBlbe. 

■ndo». 

Ammonia  1^ 
Wei^ 

Tttt-atomB 

of  Am- 

moniftin 

one  Gallon 

Grains  of 

Anunoniainone 

Gallon 

ou^S^one 
TMMitomoC 

lllS*       OB. 

•96250 

9       100 

9*4620 

80 

6875*0 

888-88 

*96876 

9       10*2 

9^1847 

29 

6162*6 

844*88 

•96600 

9      10-4 

8*8083 

28 

5950*0 

867-14 

•96625 

9      10*6 

8-4827 

27 

6787-5 

870-87 

•96750 

9      10*8 

8*1580 

26 

6625*0 

884-62 

•96875 

9      11-0 

7-8841 

25 

6812*5 

40000 

•97000 

9      11*2 

7-5111 

24 

61000 

416-67 

•97125 

9      11*4 

7-1888 

28 

4887-6 

434*78 

•97250 

9      11*6 

6-8674 

22 

4675*0 

454-54 

•97875 

9      11-8 

6-5469 

21 

4462*6 

476-lQ 

•97500 

9      12:0 

6-2271 

20 

4260*0 

600-00 

•97625 

9      12*2 

5-9082 

19 

4087*6 

626*82 

•97750 

9      12*4 

5*5901 

18 

8826*0 

666-66 

•97875 

9      12*6 

5-2728 

17 

8612*5 

688-24 

•98000 

9      12*8 

4-9568 

16 

8400*0 

62600 

•98125 

9      18*0 

4-6406 

15 

8187-6 

666-67 

•98250 

9      18*2 

4-8255 

14 

2976*0 

714-29 

•98875 

9      18*4 

4-0111 

18 

2762*6 

769*28 

•98500 

9      13*6 

8-6988 

12 

2660*0 

888*83 

•98625 

9      13*8 

8-8858 

11 

2887*5 

909*09 

•98750 

9      14*0 

8*0741 

10 

21260 

1000*00 

•98875 

9      14*2 

2*7682 

9 

1912*6 

1111*10 

•99000 

9      14*4 

2*4581 

8 

1700*0 

126000 

•99125 

9      14*6 

21488 

7 

1487-6 

1428*60 

99250 

9      14*8 

1-8852 

6 

1276*0 

1666*70 

•99875 

9      15*0 

1-5274 

5 

1062-5 

2000*00 

•99500 

9      15*2 

1-2204 

4 

860-0 

2600*00 

•99625 

9      15*4 

0-9141 

•8 

687-6 

3883*80 

•99750 

9      15*6 

0*6087 

2 

426-0 

500000 

•99875 

9      15*8 

0-8040 

1 

212*6 

10000*00 

l-OOOO 

10  lbs.  Water 

0 

Ammoiiiacal  gas  combines  cBfecUjr  with  hydiated  adds,  fbnnitig  a  series  of  salts, 
the  coiistitation  of  which  is  peculiar,  and  must  be  here  briefly  discussed,  that  the 
formtdsB  hereafter  employed  in  describing  them  may  be  understood. 

These  compounds  may  be  Tiewed  as  direct  combinations  of  the  ammonia  with  the 
hydrated  adcb ;  thus,  the  compound  with 

Hydrochloric  add  as  the  Hydrochlorate  (NH*»  HCl)  (n>.  BCA). 
Hydroeulphurio  acid  „  Hydroeulphate  (NH*,  HSUaVK*.  WB), 
Sulphuric  add  „     Hydrated  sulphate  (KH* ;  HO^O*)  (a»B<.  K<BO*). 

Nitric  add  „      Hydrated  nitrate  (NH» ;  HO,NO»)  (mP.  K»0").    .      ^ 

Carbonic  add  „     Hydrated  carbonate  (NH*;  HO,  C0<).  (av^*,  H*0.  CO*). 

But  the  dose  analogs  of  these  compounds,  in  aU  their  properties,  to  the  oorre- 
spon^ng  saJts  of  potash  and  soda  has  led  chemists  to  the  assumptaon  of  the  exist- 
ence of  a  group  m  elements  possessing  the  diaracters  of  a  metal,  of  a  basyl  or 
hypothetic^  metaUio  radical,  called  ammonium  (NH*\  in  these  salts ;  which  theory 
of  their  oonstitutaon  brings  out  the  resemblance  to  wo  potash  and  soda  salts  more 
dearly,  thus  '.— 

And  chloride  contains 

of  ammonium  .        •  KH^Ol  (irs*(n) 
sulphide     „    .       .  NH«S  \mm*\  *B]. 
sulphate  of  ammonia  NH«0,SO*  [CmWYMO*]. 
mtntb  „        .  NH«0,KO*  («B««0*). 


Chloride  contains 

of  potasdum       .  KCL  (XOl) 
sulphide  „  .  KS.  (m*S) 

sulphateof  potassa  TLOfiO*  (r 
nitrate  „  .  KO,  NO*  (: 
carbonate   „        .  KO,  CO*  (SHJO*)  carbonate 


.NH*o,co«[(wryoo»]. 


Although  it  may  be  objected  to  this  view  that  the  metal  ammonium  is  not  known, 
yet  a  curioas  metaUic  compound  of  this  metal  with  mercury  has  been  obtained;  and« 
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after  all,  it  is  by  no  meanB  neoeesaiy  that  the  metal  ahould  be  isolated,  fbr  the  exist- 
enoe  of  muneroiu  basic  radicals  has  been  assnmed  in  organic  chemistry  vhieh  haye 
ncTor  been  isolated. 

It  is  trae,  also,  that  the  oxide  of  ammomnm  is  unknown,  bnt  tnbstitQtion-prodncts 
of  it  haye  been  prodnoed,  vhich  are  solid  bodies,  soluble  in  irater,  exhibiting  all  the 
characters  of  potash  solution,  being  as  powerfully  caustic  and  alkaline.  In  fact» 
ammonia  is  in  reality  but  the  tne  of  a  Tast  number  of  c(»npounds.  It  is  capable 
of  haying  its  hydrq^n  replaced  by  metals  (as  copper,  mercury,  calcium,  See.),  as 
well  as  vy  metailie  dr  banc  compound  radicals,  producing  the  endless  number  of 
artificial  organic  baiesy  which  are  primary,  seoondioy,  or  tertiary  nitrides,  according 
as  one^  two»  or  three  equiyalents  of  the  ammonia  is  replaced.  When  the  substitu- 
tion of  the  hydrogen  in  ammonia  is  eflbcted  by  acid  radicals,  the  compounds  are 
called  amides. 

PrtparatUm  ^ilmmMNa.— Ammonia  is  obtained  by  the  decomposition  of  one  of  the 
salts  of  ammonia,  either  the  chloride  of  ammonium,  KH*  CI  (sal-ammoniac),  or  the 
sulphate,  bj  a  metallic  oodde,  «.y.  lime. 

HHKa  +     OaO,HO    -    Cad       +     NBP       +     2H0. 

m(n«oi)    +    oaB*o*    a    oaoi*    +    awM*    •«•    ax*o. 

On  the  small  scale  in  the  laboratory  the  powdered  ammoniacal  salt  is  mixed  with 
slaked  lime,  in  a  Florence  flask  or  a  small  iron  retort,  and  gently  heated ;  tiie  am- 
moniacal gas  beinff  dried  by  passing  it  through  a  bottle  containing  lime.  Chloride  of 
calcium  must  not  be  employed  in  the  desiccation  of  ammonia,  since  the  ammonia  is 
absorbed  by  this  salt,  producing  a  curious  compound,  the  chloride  of  caliammo- 


It  has  been  proposed  b^  Xnab  to  make  use  of  the  property  of  chloride  of  calcium 
to  absorb  ammonia  and  nye  it  up  again  when  heated,  for  the  purpose  of  storing  and 
transporting  it  SdutSm  of  ammonia  of  the  usual  commercial  strength,  specific 
payitf  0*880,  contains  only  83*12  per  cent,  whilst  the  chloride  of  calcium  compound 
IS  said  to  retsin  60  per  oent 

^  The  gaseous  ammonia  must  be  collected  oyer  mercury,  on  account  of  its  solubility 
in  water. 

This  operation  is  carried  out  on  the  lai^  scale  for  the  purpose  of  making  the 
aqfueous  solution  of  ammonia  {li^[uor  amrnonia,  or  spirits  qf  halrtskom). 

Solution  qf  Jmrnonia, 

Pnpamtiott, — ^In  preparing  the  aqueous  solution,  the  gas  is  passed  into  water  con- 
tained in  Woolfb's  bottles,  wlich  on  the  small  scale  are  of  glass,  whilst  on  the  largo 
scale  they  are  made  of  earthenware. 

A  sufficiently  capacious  still  or  retort  of  iron  or  lead  should  be  employed,  which  is 
prorided  with  a  moyeable  neck;  and  it  is  desirable  to  pass  the  gas  tnrough  a  worm, 
to  cool  it,  before  it  enters  the  first  Woolfe's  bottle.  Each  of  the  series  of  Woolfe*s 
bottles  should  be  famished  with  a  safety-funnel  in  the  third  neck,  to  ayoid  accidents 
by  absorption.  The  whole  of  the  condensing  arrangements  should  be  kept  cool  by 
ice  or  cold  water. 

Properties, — ^In  the  London  and  in  the  Edinburgh  'Pharmacopoeia'  two  solutions 
of  ammonia  are  directed  to  be  prepared,  the  stronger  having  the  specific  gravity 
0*882,  and  containing  about  82*5  per  cent  of  ammonia ;  the  weaker  of  specific  grayity 
0*960,  containing,  therefore,  about  10  per  cent  of  the  gas. 

Sometimes  the  commercial  solution  of  ammonia  is  made  by  treating  impure  ammo- 
niacal salts  -with  lime,  and  it  then  contains  empyreumatic  oils ;  in  &ct,  the  yarious 
yolatile  pcoducts  of  the  distillation  of  coal  which  are  soluble  in  or  misdble  with 
water. 

Fjrrrol  may  be  detected  in  ammonia  by  the  purple  colour  which  it  strikes  with  an 
excess  of  nitric  or  sulphuric  acid.  If  the  residue  of  its  distillation  be  mixed  with 
potash,  Flooline  is  detected  by  its  peculiar  odour.  Kaphthaline  is  discoyered  not 
only  by  its  odour,  but  may  also  be  separated  by  sublimation  or  heating,  after  con- 
yerting  the  ammonia  in  the  solution  into  a  salt  by  sulphuric  or  hydrochloric  acid. — 
Dr,  maelogan, 

We  importsd  into  Bngland  of  sulphate  and  liquor  of  ammonia  as  follows : — 

Ammonia,  sulphate  of    •        •    1856    .        •    lbs.  23,904 

„  „  .        .     1866    .        .      „   843,609 

Ammonia,  liquor  •        .    1856    .        .      „     22,400 

'    GSooe,  for  the  purpose  of  purification  on  the  large  scale^  amiBonia  ii  inyariably 
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conrerted  into  cbloridd  or  snlpliate,  the  details  of  the  xnanufacfcnze  of  the^  ammo* 
niacal  salts  will  be  giyen  under  those  heads.  For  the  determination  of  ammonia,  see 
NiTROOBN.— H.  M.  W. 

AMMOJIIA,  CJkMMOMMTM  OV«  [I%e  ^fsquioarbonaia  of  commerce, 
2NH*,  SCO',  2H0  («n*,  SCO*,  aSH>),  a/»  wt.  118.]  This  salt  yns  probably 
known  to  Bajmond  Lulljr  and  Sasil  Valentine,  as  the  chief  constituent  of  patrid 
urine.  The  real  distinction  between  anmionia  and  its  carbonate  was  ptnnted  out  by 
Br.  Black. 

Carbonate  of  ammonia  is  formed  during  the  putrefaction  of  animal  substances, 
and  by  their  destructiye  distillation.  Its  presence  in  rain-water  has  been  before 
alluded  to. 

llie  carbonate  of  ammonia  of  commerce  is  obtained  by  submitting  to  sublimation 
a  mixture  either  of  sal-ammoniac  or  sulphate  of  ammonia  with  chalk. 

This  is  generally  carried  out  in  cast-iron  retorts,  similar  in  sise  and  share  to  those 
used  in  the  manufacture  of  coal  gas.  The  retorts  are  charged  through  a  door  at  one 
end,  and  at  the  other  they  communicate  with  large  square  leaden  chambers,  supported 
by  a  wooden  frame,  in  which  the  sublimed  salt  is  condensed.    Fiff,  38. 


The  product  of  this  first  process  is  impure,  being  especially  discoloured  by  the 
presence  of  carbonaceous  matter,  and  has  to  be  submitted  to  lesublimation.  This  is 
carried  out  in  iron  pots  surmounted  by  moveable  leaden  caps.  These  pots  are  either 
set  in  brickwork,  and  heated  by  the  flue  of  the  retort  furnace,  or  aro  placed  ina  water- 
bath,  as  shown  in  fig,  39.  In  fact,  a  temperature  not  exceeding  160°  F*  is  found 
sufficient 

89 


The  diaige  of  a  retort  consists  usually  of  about  66  lb0.  of  sulphatd  of  anmionia  (or 
an  equivalent  quantity  of  the  chloride),  to  100  lbs.  of  chalk,  which  yield  about  40  lbs. 
of  crude  carbonate  of  ammbnia. ' 

Modificationa  of  the  iVocsM.— Mr.  Laming  has  suggested  to  bring  ammonia  and 
carbonic  add  gases  into  mutual  contact  in  a  leaden  chamber  having  at  the  lower  ]^art 
'» layor  of  ¥at»i  and  then  ta  aystalliflo  the  salt  by  evaporating  this  aqueous  oolntion. 
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He  also  proposes  to  ^pare  carbonate  of  ammonia  firom  the  snl^hido  of  ammonium 
of  gas  liquors,  hj  passing  carbonic  add  gas  into  the  liquor,  which  carbonic  pas  is 
generated  by  heating  a  mixture  of  oxide  of  copper  and  charcoal,  in  the  proportioii  of 
twelve  parts  of  the  former  to  one  of  the  latter. 

Mr.  Hills  has  described  his  mode  of  obtaining  sesquicarlxmate  of  ammonia  from 
guano.  To  effect  this,  the  guano  is  first  mixed  with  charcoal  or  powdered  coke ;  the 
mixture  is  then  heated,  and  the  sesquicarbonate  of  ammonia  obtained  by  sublimation. 
The  process  does  not  appear  to  be  much  employed. 

MoMtfaeture  cf  Ammonia  fr<m  Peat  and  Shale, — ^Mr.  Hills,  in  his  patent  of  August 
11th,  1846,  spedfledthe  following  method  of  obtaining  anunonia  horn  peat.  The 
peat  is  placed  in  an  Ujpright  furnace  and  ignited ;  the  air  passes  through  uie  bars  as 
usual,  and  the  ammonia  is  collected  by  passing  the  products  of  combustion  through  a 
suitable  arrangement  of  apparatus  to  effect  its  condensation.  This  plan  of  obtaining 
ammonia  ftom  peat  appears  to  be  predsoly  similar  to  that  patented  by  Hr.  Bees  Reece 
(January  2drd,  1849),  and  made  to  form  nn  important  feature  in  the  operations  of  the 
British  and  Irish  Peat  Company.  The  first  purt  of  Mr.  Beece's  patent  is  for  an  in- 
Tention  for  causing  peat  to  be  burned  in  a  furnace  by  the  aid  of  a  blast,  so  as  to  obtain 
Inflammable  gases  and  tarry  and  other  products  from  peat.  For  this  purpose,  a  blast 
furnace  with  suitable  condensing  apparatus  is  used.  The  gases,  on  their  exit  from  tiie 
condensing  apparatus,  may  becdlected  for  use  as  fuel  or  otherwise ;  and  the  tarry  and 
other  products  pass  into  a  suitable  receirer.  The  tarry  products  may  be  employed  to 
obtain  paraffine  and  oils  for  lubricating  machinery,  ^ ;  and  the  other  products  may 
be  made  available  for  eyolving  ammonia,  wood-s^arit,  and  other  matters  bv  any  of  the 
existing  processes.  Dr.  Hodoes,  of  Bel&st,  states  that  in  his  escperiments  he  obtained 
nearly  22}lbs.  of  sulphate  of  ammonia  from  a  ton  of  peat,  mr  Robert  Kane,  who 
was  employed  by  Qovemment  to  institute  a  series  of  experimental  resesjrches  on  the 
products  obtainable  from  peat,  states  that  he  obtained  sulphate  of  ammonia  at  the  rate 
of  24j^lbs.  per  ton  of  peat.  Messrs.  Drew  and  8tocken  patented,  in  1846,  the  obtain- 
ing ammonia  from  peat  by  distillation  in  close  vessels,  as  practised  in  the  carbonisation 
of  wood.  It  will  thus  be  seen  that  the  ^t  is  a  source  of  ammonia,  but  whether  this 
source  is  a  profitable  or  economical  one,  in  a  commercial  point  of  view,  is  a  problem 
which  has  not  yet  received  solution. 

Ammonia  from  Schist — ^Another  source  of  ammonia  is  bituminous  schist,  which, 
when  submitted  to  destructive  distillation,  ^ves  off  an  ammoniacal  liquor  which  may 
be  emploved  in  the  manu&cture  of  ammoniacal  salts  by  any  of  the  usual  processes. 
The  obtaining  of  ammonia  from  schist  forms  part  of  a  patent  granted  to  Count  de 
Hompesch,  September  4, 1841. 

Ckemieal  Contporition  and  ConstiMwn, — ^The  true  neutral  carbonate  of  ammonia, 
NH^O,  CO*  [(VH*)'00*1,  does  not  appear  to  exist  The  sesquicarbonate  of  ammonia 
of  the  shops  was  found  by  Bose  to  nave  the  composition  assisned  to  it  by  Mr. 
Philips,  as  given  at  the  head  of  this  article ;  and  it  may  be  viewed  as  a  compound  of 
the  true  bicarbonate  (t.«.  the  double  carbonate  of  ammonia  and  water\  KHK),  CO' ; 
HO,  CO*  [(VB^)'OO* ;  BHJO*]  ;  with  a  peculiar  compound  of  anhyorous  carbonic 
add  with  ammonia  itself,  NH*,  CO*  [(3nP)>00*]. 

It  is  invariably  found  that  a  certain  quantity  of  water  and  ammonia  are  liberated 
during  the  distillation,  and  hence  the  anomalous  character  of  the  compound.  In  fact, 
in  operating  upon  3  equivalents  of  the  sulphate  or  chloride  of  the  8  equivalents  of  the 
tome  carbonate  of  ammonia  (NH^  0,  CO'}  which  may  be  supposed  to  be  ^aerated, 
two  are  decomposed,  one  losing  an  equivalent  of  ammonia,  the  other  an  eqmvalent  of 
water ;  of  course,  the  ammonia  thus  liberated,  amounting  to  14  parts  for  each  100  of 
carbonate  of  ammonia  obtained,  is  not  lost ;  it  is  passed  into  water  to  be  saturated 
with  add,  and  thus  again  converted  into  sulphate  or  chloride. 

Properties. — Sesquicarbonate  of  ammonia  (as  it  is  commonly  called)  is  met  with 
in  commerce  in  the  form  of  fibrous  white  translucent  cakes,  about  two  inches  thick. 

When  exposed  to  the  air  the  constituents  of  the  less  stable  compound  NH",  CO*  are 
volatilised,  and  a  white  opaque,  mass  of  the  true  bicarbonate  remains.  Hence  the 
odour  of  ammonia  always  emitted  by  the  commerdal  carbonate.  Mr.  Scanlan  has 
also  shown  that  by  treatment  with  a  small  quantity  of  water,  the  carbonate  is  dissolved, 
leaving  the  bicarbonate.  It  is  soluble  in  four  times  its  wdght  of  cold  water,  but 
boiling  water  decomposes  it. 

Impurities, — ^The  commercial  salt  is  sometimes  contaminated  with  empyreumatic 
oil,  which  is  recognised  by  its  yielding  a  brownish  coloured  solution  on  treatment 
with  water. 

It  may  contain  sulphate  and  chloride  of  ammonium.  For  the  recognition  of  the 
presence  of  these  addis,  see  Sulfhubio  and  Htdbochlobio  adds. 

Sulphide  and  hyijosulphite  of  ammonia  are  sometimes  present,  and  likewise  lead, 
from  the  chambers  into  which  the  salt  has  been  sublimed. 
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Other  Carbonates  of  Am/numia, — ^Besides  the  neutral  or  monocarbonate  of  ammonia 
before  alluded  to,  the  true  bicarbonate  NH*0,  C0« ;  HO,  CO'  [(»H*)«CO» ;  B«CO*] 
and  the  sesquioarbonate  of  the  shops,  Boso  has  described  about  a  dozen  other 
definite  compounds ;  but,  for  their  description,  we  must  refer  to  Watts's  *  Dictionaiy 
of  Chemistry/     

AMMOVZACrUBC,  OUM;  Grum-resin.  (CrommeJ3nmoniaqtief'Fr,;Ammontak, 
Qer,)  This  is  the  inspissated  juice  of  an  umbelliferous  plant  (the  Dorcma  ammoniacum), 
the  gum-bearing  heracleum,  which  grows  in  Persia,  Uie  East  Indies,  and  Africa.  In 
the  French  colony  of  Algiers  this  plant  grows  naturally,  and  it  appears  likely  to 
become  an  object  of  cultivation.  It  comes  to  us  either  in  small  white  tears  clustered 
together,  or  in  brownish  lumps,  containing  many  impurities.  It  possesses  a  peculiar 
smell,  somewhat  like  that  <^  assafoetida,  and  a  bitterish  taste.  It  is  employed  in 
me^oine.  Its  onlv  use  in  the  arts  is  for  forming  a  cement  to  join  broken  pieces  of 
china  and  glass,  which  may  be  prepared  as  follows :  *  Take  isinglass  1  ounce,  distilled 
water  6  ounces,  boil  together  down  to  3  ounces,  and  add  1^  ounce  of  strong  spirit  of 
wine ; — ^boil  this  mixture  for  a  minute  or  two ;  strain  it ;  add  while  hot ;  first,  half 
an  ounce  g£  milky  emulsion  of  gum  ammoniac,  and  then  5  drachms  of  an  alcoholic 
solution  of  resin  mastic' 

AllMOWZA«  vmULTS  OV* — ^This  salt  is  not  made  on  an  eztensiye  scale ; 
but  as  it  has  a  certain  consumption  for  making  the  protoxide  of  nitrogen  (laughing 
gas),  now  kogely  used  by  dentuts  as  an  anssthetic,  a  few  remarks  respecting  it  may 
not  be  out  of  place  here. 

It  is  obtained  by  saturating  solution  of  ammonia,  or  the  carbonate,  with  nitric  add, 
and  then  evaporating  the  solution  till  crystallisation  takes  place.  It  ought  to  be  per- 
fect free  from  chloride  of  ammonium. 

This  salt  crystalliseB  in  six-sided  prisms,  being  isomorphous  with  nitrate  of 
potash. 

Its  composition  is  NH^O,  NO'  [(ra^)VO*.]  It  is  incapable  of  existing  without  the 
presence  of  an  equivalent  of  water,  in  addition  to  NH*  and  NO'.  If  heat  be  applied, 
the  salt  is  entirely  decomposed  into  protoxide  of  nitrogen  and  water ;  thus — 

NH«0,  N0»  -  2N0  +  4H0. 

Besides  its  use  in  the  laboratory  for  making  protoxide  of  nitrogen,  it  is  a  con- 
stituent of  frigorific  mixtures,  on  account  of  the  cold  which  it  produces  on  dissolving 
in  water. 

Lastljr,  it  is  yerjr  convenient  for  promoting  the  deflagration  of  organic  bodies,  both 
its  oonstitoents  being  volatile  on  heieiting. 

AMMOWZAt  SU&FBATB  OF.  NH^O,  SO*  [(VB«)*80<].  This  salt  is  found 
native  in  fissores  near  volcanoes,  under  the  name  g£  Maacagnin,  associated  with  sal- 
ammoniac  It  also  forms  in  ignited  coal-beds — as  at  Bradley,  in  Staffordshire — ^with. 
chloride  of  ammonium. 

This  salt  is  prepared  by  satnrating  the  solution  of  ammonia,  obtained  by  any  of  the 
processes  before  aesccibed  (either  from  animal  refuse,  from  coal,  in  the  manufacture 
of  coal  gas,  from  guano,  or  from  any  other  source),  with  sulphuric  add,  and  then 
evaporating  the  solution  till  the  salt  crystallises  out 

^requenUy,  instead  of  adding  the  apd  to  the  ammoniacal  liquor,  the  crude  ammo- 
niaeal  liquor  is  distilled  in  a  boiler,  either  alone  or  with  lime,  and  the  evolved  am- 
monia is  passed  into  the  sulphuric  add,  contained  in  a  large  tun  or  in  a  series  of 
Woolfe's  bottles ;  or  a  modification  of  Coffey's  still  may  be  used  with  advantage,  as 
in  the  case  of  the  saturation  of  hydrochloric  add  by  ammonia. 

If  Coffey's  still  be  employed,  a  considerable  concentration  of  the  liquor  is  effected 
during  the  process  of  saturation,  which  is  subsequently  completed  generally  in  iron 
pans ;  but  j;reat  care  has  to  be  taken  not  to  carry  the  evaporation  too  far,  to  avoid 
decomposition  of  the  sulphate  by  the  organic  matter  invariably  present,  which  reduces 
it  to  tne  state  of  sulphite,  hyposulphite,  and  even  to  sulphide,  of  ammonium. 

The  salt  obtained  by  this  first  crystallisation  is  much  purer  than  the  chloride  produced 
under  similar  circumstances,  and  one  or  two  recrystallisations  effect  its  purification 
suffidently  for  all  commercial  purposes. 

It  is  on  account  of  the  greater  facility  of  purification  which  the  sulphate  affords 
by  crystallisation  than  the  chloride  of  ammonium,  that  the  former  is  often  produced 
as  a  preliminaxT  stage  in  the  manufacture  of  the  latter  compound,  the  purified 
snlj^iate  being  then  converted  into  sal-ammoniac  by  sublimation  with  common  salt 
The  add  mother-liquor  left  in  the  first  crystallisation  is  returned  to  be  again  treated, 
together  with  some  additional  add,  with  a  fresh  quantity  of  ammonia. 

Preparation*    Modifications  im  details  and  patents* — Since  it  is  in  the  production  of 
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the  sulphate  of  annnonift  that  the  modifioation  of  Oofiby*B  ttiU,  called  the  amnumia 
stUi,  is  genosally  emplojed,  it  may  be  well  to  introduce  here  a  detailed  account  of  its 
arrangement. 

This  apparatus  is  an  upright  yessel,  divided  by  horisontal  diaphragms  or  partitions 
into  a  number  of  chambers.  It  is  proposed  to  construct  the  vessel  of  wood,  liood 
with  lead,  and  the  diaphragms  of  sheet  iron.  Each  diaphragm  is  perforated  with 
many  small  holes,  so  regulated,  both  with  regard  to  number  and  size,  as  to  affi)rd, 
under  some  pressure,  passage  for  the  elastic  vapours  which  ascend,  during  the  use  of 
the  apparatus,  to  maJce  their  exit  by  a  pipe  opening  from  the  up^r  chamber.  Fitted 
to  each  diaphracm  are  several  small  valves,  so  weighted  as  to  rise  whenever  elastic 
vapours  aocumuate  under  them  in  such  quantity  as  to  exert  more  than  a  certain 
amount  of  piressure  on  the  diaphragm.  A  pipe  also  is  attached  to  each  diaphragm, 
passing  from  about  an  inch  above  its  upper  surface  to  near  the  botUmi  of  a  cup  or 
small  reservoir,  fixed  to  ikb  upper  sur&ce  of  the  dii»hragms  next  underneath.  This 
pipe  is  suflkdently  large  to  tcansmit  freely  downwards  the  whole  of  the  liquid  which 
entess  for  distillation  at  the  upper  part  of  the  upright  vessel ;  andtheeupor  reservoir 
into  which  the  ^pe  dips  forms,  when  full  of  uquid,  a  trap  by  which  the  upward 
passage  of  elastic  vapours  by  the  pipe  is  prevented.  The  vessel  may  rest  on  a  close 
cistam,  contrived  to  receive  the  descending  liouid  as  it  leaves  the  lowest  chamber, 
and  from  this  cistern  it  mav  be  run  ofl^  by  a  valve  or  cock,  whenever  expedients  The 
dstam,  or  in  its  absence  the  lowest  chamber,  contains  the  orifice  of  a  pine  which 
supplies  the  steam  for  working  the  apparatus.  The  exact  number  of  chambers  into 
wluch  the  upright  vessel  is  divided  is  not  of  essential  importance ;  but  the  quanti^ 
of  liquid  and  the  surface  of  each  diaphragm  being  given,  thia  distillation,  within  certain 
limits,  will  be  more  complete  the  g^ter  the  number  of  chambers  used  in  the  pro- 
cess. The  liquid  undei^ing  distillation  in  this  apparatus  necessarily  covers  the 
uppw  surface  of  each  diaphragm  to  the  depth  of  about  an  inch,  being  prevented  from 
passing  downward  through  the  small  perforations  by  the  upward  pressure  of  the 
rising  steam  and  other  elastic  vapours ;  and,  on  the  other  hand,  the  steam  being 
prevented,  by  the  traps,  from  passing  upwards  b^  the  ppes,  is  forced  to  ascend  bv 
the  ^«r£[>rations  in  the  diaphragms ;  so  that  the  liquid  lyiuff  on  them  becomes  heated, 
and  in  consequence  gives  off  its  volatile  matters.  When  we  amraoniacal  liquid  ac- 
cumulates on  one  of  the  diaphragms  to  the  dei>th  of  an  inch,  it  flows  over  one  of  the 
short  pipes  into  the  trap  below,  and  overflows  into  the  next  diaphragm,  and  so  on. 
See  DisrnxiTioN. 

The  management  of  the  a^Muratus  varies  in  some  measure  with  the  form  in  which 
it  is  desirable  to  obtain  the  ammonia.  When  the  ammonia  is  required  to  leave  the 
upper  chamber  in  the  form  of  gas,  either  pure  or  impure,  it  is  necessary  that  the 
steam  which  ascends  and  the  current  of  ammoniacal  liquid  which  descends,  should  be 
in  such  relative  proportions  that  the  latter  remains  at  or  near  the  atmospheric  tempera- 
ture during  its  passage  through  some  of  the  u^per  chambers,  becoming  pcttressively 
hotter  as  it  descend,  until  it  reaches  the  boiling  temperature ;  in  which  state  it 
passes  through  the  lower  chambers,  either  to  make  its  escape,  or  to  enter  a  dstem 
provided  to  receive  it,  and  in  which  it  ma^  for  some  time  be  maintained  at  a  boiling 
heat^  On  the  contrary,  if  the  ammonia,  either  pure  or  impure,  be  required  to  leave 
the  upper  chamber  in  combination  with  the  vapour  of  water,  the  supply  of  steam 
entenng  below  must  bear  such  proportion  to  that  of  the  ammrniiacal  liquid  supplied 
above,  that  the  latter  may  be  at  a  boiling  temperature  in  the  upper  part  of  the 
apparatus.* 

The  use  of  this  apparatus  was  patented  in  the  name  of  Mr.  W.  £.  Newton, 
Nov.  9,  1841. 

Mr.  Hills'  process,  patented  Oct.  19, 1848,  for  concentrating  ammoniacal  solutions 
by  causing  them  to  descend  through  a  tower  of  coke  through  which  steam  is  ascend- 
ing, is,  in  fact,  nothing  more  than  a  rough  mode  of  carrying  out  the  same  principle, 
which  is  more  eflfectuiuly  and  elegantly  performed  by  the  modification  of  Oofiey's  still 
above  described.  The  concentrated  ammonia  liquor  is  then  treated  with  add  and 
evaporated  in  the  usual  way. 

Mr.  Wilson  patented,  Dec  7, 1850,  another  method  of  saturating  the  ammonia 
with  the  add  by  passing  the  crude  ammonia  vapour,  obtained  by  heating  the  ammo- 
niacal liquor  of  the  gas-works,  in  at  the  bottom  of  a  high  tower  fill^  with  coke, 
whilst  tne  sulphuric  add  descends  in  a  continuous  current  from  tlie  top;  in  this 
manner  the  acid  and  ammonia  are  exposed  to  each  other  over  a  greatly  extended 
surfiice. 

Dr.  Bichardson  (patent,  Jan.  26,  1850)  mixes  the  crude  ammonia  liquors  with 
sulphate  of  magnesia,  Uien  evaporates  the  solution,  and  submits  the  double  sulphate 

*  Fbsnn.  Jonnud,  ziU.  64. 
l2 
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of  xnAgneBia  and  ammonia,  vhich  separatoi,  to  snblimataon ;  but  it  would  not  appear 
that  any  great  adrantage  ia  derived  from  proceeding  in  this  way,  either  pocuniaiy  or 
otherwise. 

Mr.  Laming  passes  sulphurous  add  through  the  gas  liquor,  and  finally  oxidises 
the  sulphite  thus  obtained  to  the  state  of  sulphate,  by  exposure  to  the  air.  (Patent. 
Aug.  12, 1852.) 

Hichiel's  mode  of  obtaining  sulphate  of  ammonia,  patented  April  80,  1850,  is  as 
follows: — ^The  ammoniaoal  liquors  of  the  gas-works  are  combined  with  sulphf^  and 
oxide  of  lead,  which  is  obtained  and  prepared  in  the  following  way : — Sulphuret  of 
lead  in  its  natural  state  is  taken  and  roduoed  to  small  fragments  by  any  conyenient 
crushing  apparatus.  It  is  then  submitted  to  a  roastingixrocess,  in  a  suitably  azranged 
reverberatory  fhmaoe  of  the  following  construction : — ^The  furnace  is  formed  of  two 
shelyes,  or  rather  the  bottom  of  the  fbmace,  and  one  shelf,  and  there  is  a  communica- 
tion from  the  lower  to  the  upper.  The  ealena  or  sulphuret  of  lead,  previously 
ground,  is  then  spread  over  the  surface  of  Uie  upper  she£f,  to  a  thickness  of  about 
2  or  2|  inches,  and  there  it  is  submitted  to  the  heat  of  the  ftimaoe.  It  remains  thus 
for  about  two  hours,  at  which  time  it  is  drawn  off  the  upper  shelf,  and  spread  oyer  the 
lower  shelf  or  bottom  of  the  furnace,  "whean  it  if  exposed  to  a  greater  heat  for  a 
certain  time,  during  i^oh  it  is  well  stirred,  for  the  purpose  of  exposing  all  the  parts 
equally  to  the  action  of  the  heat,  and  at  the  same  time  the  fusion  of  any  portion  of  it 
is  prevented.  By  this  process  the  sulphuret  of  lead  becomes  converted  partly  into 
sulphate  and  partly  into  oxide  of  lead.  This  product  of  sulphate  and  oxide  of  lead 
is  to  be  crushed  by  anv  ordinary  means,  and  reduced  to  about  the  same  degree  of 
fineness  as  coarse  sand.  It  is  now  to  be  combined  with  the  ammoniacal  Uqnors, 
when  sulphate  of  ammonia  and  sulphuret  and  carbonate  of  lead  will  be  produced. 

The  sulphate  of  ammonia  is  separated  by  treatment  with  water,  and  the  residuary 
mixture  of  sulphide  and  carbonate  of  lead  is  used  for  the  manufacture  of  lead 
compounds. 

ProwrHes. — ^The  sulphate  of  ammonia  obtained  by  either  of  the  methods  above 
described  is  a  colourless  salt,  containing,  acoorditig  to  Mitscherlich,  one  atom  of 
water  of  crystallisation.    It  is  isomorphons  with  sulpSate  of  potash. 

It  deliquesces  by  exposure  to  the  air ;  1  part  dissolves  in  2  parts  of  cold  water, 
and  1  of  boiling  water.  It  faaes  at  UO^  0.  (284^'  F.),  but  at  280^  0.  (586<>  F.)  it  is 
decomposed,  being  volatilised  in  the  form  of  firae  ammonia,  sulphite,  water,  and 
nitrogen. 

For  the  other  sulphates,  the  sulphites,  and  those  salts  which  are  but  little  used  in 
the  arts  and  manu&ctnres — ^we  refer  to  Watts's  '  Dictionary  of  Chemistry.' 

CTsM.— The  chief  consumption  of  ammoniacal  salts  in  the  arts  is  in  the  form  of 
sal-ammoniac,  the  sulphate  of  ammonia  being  principally  used  as  a  material  for  the 
manu&cture  of  the  cnloride  of  ammonium.  It  may,  however,  be  employed  directly 
in  making  ammonia-alum,  or  in  the  production  of  free  ammonia  by  treatment  with 
lime.  

AimOVIVBK.  (NH^)  The  radical  supposed  to  exist  in  the  various  salts  of  am- 
monia. Thus  NH^O  [(]ni^]<0]  is  the  ocride,  NHH71  the  chloride,  of  ammonium. 
Ammonium  constitutes  one  or  the  best  established  chemical  types.  See  Fobicuijb, 
CmonoAL. 

A*fl— ^^■""— I  tfwg»^'^*i'^»  ^^  Commonly  called  Sai^Ahhoiiuc.  (Salam- 
fHoniae,  Tr, ;  Salmiak,  Ger.)  The  early  history  of  this  salt  is  involved  in  much 
uncertainty.  It  would  &PPf&'  that  the  sal  amrrumiacus  (hKs  kmiM¥MK6t)  of  the  ancients 
was,  in  f&ct,  rock  salt  The  earliest  knowledge  of  the  compound  has  been  claimed 
boUi  for  the  Arabians  and  the  Egyptians ;  but  the  late  Dr.  Boyle  remarked,  that  *  the 
salt  must  have  been  &miliar  to  the  Undoes  ever  since  they  have  burnt  bricks,  as 
they  now  do,  with  the  manure  of  animals,  for  some  may  usually  be  found  crystallised 
at  the  unbumt  extremity  of  the  kiln.' 

This  salt  is  formed  in  the  solid  state  by  bringing  in  contact  its  two  gaseous  consti- 
tuents, hydrochloric  add  and  ammonia.  The  gases  combine  with  such  force  as  to 
generate,  not  only  heat,  but  sometimes  even  lisht  It  may  also  be  prepared  by  nux- 
ing  the  aqueous  solutions  of  these  gases,  and  evaporating  till  crystulisation  takes 
place. 

When  ammoniacal  ns  is  brought  into  contact  with  dry  chlorine,  a  violent  reaction 
ensues,  attended  by  the  evolution  of  heat  and  even  light  The  chlorine  combines 
with  the  hydrogen  to  produce  hydrochloric  add,  which  unites  with  the  remainder  of 
the  ammonia,  forming  chloride  of  ammonium,  the  nitrogen  bdng  liberated.  The 
same  reaction  takes  place  on  passing  chlorine  gas  into  the  saturated  aqueous  solution 
of  ammonia. 

Man^factur•  of  Chloride  of  Ammomvmfrom  CanUU  Dung, — ^In  Egypt — ^wfaich  un- 
doubtedly was  the  great  scat  of  the  manufacture  of  this  salt  ftom  ue  beginning  of 
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the  thirteenth  to  the  middle  of  the  serenteenth  centory,  and  whence  all  the  European 
markets  were  supplied — the  following  is  the  process  by  which  it  is  obtained : — 

The  original  source  was  the  urine  and  dung  of  the  camel,  which  are  dried  by  plas- 
tering them  upon  the  walls,  and  burning,  other  f^l  being  yeiy  scarce  in  that  country. 
A  fire  dT  this  material  eyolyes  a  thick  smoke,  charged  with  chloride  of  ammonium, 
part  of  which  is  condensed  with  the  soot. 

In  evezy  part  of  Egypt,  but  especially  in  the  Delta,  peasants  are  seen  driving  asses 
loaded  with  bags  of  wat  soot,  on  their  way  to' the  sal-ammoniac  works. 

Here  it  is  extracted  in  the  following  manner : — Qlass  globes,  coated  with  loam,  are 
filled  with  the  soot,  pressed  down  by  wooden  rammers,  a  space  of  only  two  or  three 
inches  bein^  left  yacant,  near  their  mouths.  These  globes  are  set  in  round  orifices 
formed  in  the  ridge  of  a  long  vault  or  large  horisontal  fbmaoe  flue.  Heat  is  gradu- 
ally applied  by  a  fire  of  diy  camels'  dung,  and  it  is  eventually  increased  till  the  globes 
become  obscurely  red.  As  the  chloride  of  ammonium  is  volatile  at  a  temperature 
much  below  igmtion,  it  rises  out  of  the  soot  in  vapour,  and  gets  condensed  into  a 
cake  npon  the  inner  surface  of  the  top  of  the  globe.  A  considerable  portion,  how- 
ever, escapes  into  the  air ;  and  another  portion  concretes  in  the  mouth,  which  must 
be  dearea  from  time  to  time  by  an  iron  rod.  Towards  the  end,  the  obstruction  be- 
comes very  troublesome  and  must  be  most  carefully  attended  to  and  obviated,  other- 
wise the  globes  would  explode  by  the  uncondensed  vapours.  In  all  cases  when  the 
subliming  process  approacnes  to  a  conclusion,  the  slobes  crack  or  split ;  and  when 
they  come  to  be  removed,  after  the  heat  has  subsideo,  they  usually  &11  to  pieces.  The 
upper  portion  of  the  mass  is  separated,  because  to  it  the  white  salt  adheres ;  and,  on 
detaching  the  pieces  of  glivis  with  a  hatchet,  it  is  ready  for  the  market  At  the 
bottom  of  each  balloon  a  nucleus  of  salt  remains,  surrounded  with  fixed  pulverulent 
matter.  This  is  reserved,  and,  after  being  bruised,  is  put  in  along  with  the  charge  of 
soot  in  a  fresh  operation. 

The  sal-ammoniac  obtained  by  this  |)rocess  is  dull,  spongy,  and  of  a  greyish  hue ; 
but  nothing  better  was  for  a  long  period  known  in  commerce,  fifty  years  ago,  it 
fetched  2«.  6d,  a  pound ;  whereas  now,  perfectly  pure  sal-ammoniac  may  be  had  at 
one-fifth  of  that  price, 

Mani^acture  of  Sal-Amnumiao  from  Bones  and  other  Animal  Matter, — ^Various 
animal  o£bls  develop,  during  their  spontaneous  putrejGactive  fermentation,  or  their 
decomposition  by  heat,  a  large  quantity  of  free  or  carbonated  ammonia  among  their 
volatile  products.  Upon  this  principle  many  sal-ammoniac  works  have  been  esta- 
blished.— ^Watts's  *  Dictionary  of  Chemistry.* 

The  first  attempts  made  in  France  to  obtain  sal-ammoniac  profitably  in  this  manner 
failed.  A  very  extensive  factory  of  the  kind,  which  experienced  the  same  fiite,  was 
under  the  superintendence  of  the  celebrated  Baum6.  It  was  established  at  Gravelle, 
near  Charenton,  and  caused  a  loss  to  the  shareholders  in  the  speculation  of  upwards 
of  400,000  francs,  which  result  closed  the  concern  in  1787.  For  10  years  after  that 
event,  all  the  sal-ammoniao  consumed  in  France  was  imported  from  foreign  countries. 
Since  then  the  two  works  of  MM.  Fayen  and  Fluvinet  were  mounted,  and  seem  to 
have  been  tolerably  suceessftU.  Coal  soot  was,  prrior  to  the  introduction  of  the  gas- 
works, a  good  deal  used  in  Great  Britain  for  obtaining  sal-ammoniac 

In  France,  bones  and  other  animal  matters  are  distilled  in  large  iron  retorts  fbr  the 
maaufSEicture  of  both  animal  charcoal  and  sal-ammoniac 

*  The  annexed  numbers  show  the  produce  of  a  French  manufactory  of  ammonia  and 
its  salts,  from  the  distillation  of  bones  and  other  matters. 

*  The  materials  were — 

46,754  tons  of  bones  of  various  kinds. 
80      „      silk  waste  and  old  leather, 
11  i    „      sulphuric  add. 
80      „      chloride  of  sodium. 
2}    „      sulphate  of  lime, 
and  the  produce  was — 

2,400  tons  of  animal  charcoal. 
44      ),      chloride  of  ammonium. 
100      „      sulphate  of  scda. 
4      „      liquor  ammonia, 
atad     25      „      sulphate  of  ammonia. 

— Muapratt, 

Those  retorts  afo  iron  cylinders,  two  or  three  feet  in  diameter  and  six  feet  long. 

FiffB,  40  and  41  show  the  form  of  the  furnace,  and  the  manner  in  which  the  cylinders 

are  arranged,  the  first  being  a  longitudinal,  the  second  a  transverse  section  or  it.    a, 

the  ashpits  under  the  grates ;  b,  the  fire-places,  ardied  over  at  top ;  c,  the  vault  ot 
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bench  of  fire-bricks,  perforated  inside  \rith  eight  fines  for  distributing  the  fiame ;  d,  a 
great  arch,  with  a  teiple  voissoir  d,  <f ',  d"',  under  which  the  retorts  are  set  The  first 
arch,  D,  is  perforated  with  twenty  rent-holes,  the  second  with  four  vent-holes,  through 


which  the  flame  passes  to  the  third  arch,  and  thence  to  the  common  chimney-stalks. 
The  retorts  are  shut  by  the  door  s'  {fig,  41],  luted,  and  made  fast  with  screw-bolts. 
Their  other  ends  e^,  terminate  in  tubes,/,/,/,  which  all  enter  the  main  pipe  A. .  The 
condensing  pipe  proceeds  slantingly  downwards  £rom  the  further  end  of  A,  and  dips 
into  a  large  sloping  iron  cylinder  immersed  in  cold  water. 

The  filters  UMd  in  the  large  sal-ammoniac  works  in  Franco  are  represented  \i^fiff- 
42.    The  apparatus  consists — 1,  of  a  wooden  chest,  a,  lined  with  lead,  and  which  is 


turned  oyer  at  the  edges ;  a  socket  of  lead,  A,  soldered  into  the  lowest  part  of  the 
bottom  serves  to  discharge  the  liquid ;  2,  of  a  wooden  crib  or  gntin^ ,  formed  of 
rounded  rods,  as  shown  in  the  section  c,  c,  and  the  plan  d  ;  this  grating  is  supported 
one  indi  at  least  above  the  bottom,  and  set  truly  horizontal,  by  a  series  of  wedges ; 
3,  of  an  open  fiibric  of  canvas  or  strong  calico,  laid  on  the  grating,  and  secured  over 
the  edges  so  as  to  keep  it  tense.  A  la!^  wooden  reservoir,/,  lined  with  lead,  Air- 
nished  with  a  cover,  is  placed  under  each  of  the  filters ;  a  pump  throws  back  once  or 
twice  upon  the  filters  what  has  already  passed  through.  A  common  reservoir,  g^ 
below  the  others,  maybe  made  to  communicate  at  pleasure  with  one  of  them  by  means 
of  intermediate  stopcocks. 

The  two  boilers  for  evaporating  and  decomposing  are  made  of  lead,  about  one 
quarter  of  an  inch  thick,  set  upon  a  fire-bride  vault,  to  protect  them  from  the  direct 
action  of  the  fiame.  Through  the  ii^ole  extent  of  their  bottoms  above  the  vault, 
horizontal  cast-iron  plates,  supported  by  ledges  and  brick  compartments,  compel  the 
flame  and  burned  air,  as  di^  issue  from  the  arch,  to  take  a  sinuous  course  before 
they  pass  up  the  chimney.  This  floor  of  cast-iron  is  intended  to  support  the  bottom 
of  the  boiler,  and  to  difihse  the  heat  more  equably.  The  leaden  boilers  are  sur- 
rounded with  brickwork,  and  supported  at  their  edges  with  a  wooden  frame.  They 
may  be  emptied  at  pleasure  into  lower  receivers,  called  crystallisers,  by  means  of 
leaden  syphons  and  long-necked  funnels. 

The  crystallisers  are  wooden  chests  lined  with  lead,  15  inches  deep,  3  or  4  foot 
broad,  and  from  6  to  8  feet  long,  and  may  bo  inclined  to  one  side  at  pleasure.    A 
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round  cistern  receiyes  the  draimngs  of  the  mother-waters.    The  pump  is  made  of 
lead  hardened  with  antimony  and  tin. 

The  subliming  ftimaoe  is  shown  in/^«.  43  and  44»  by  a  transverse  and  longitudinal 
seetion ;  a  is  the  ashpit ;  b,  the  grate  and  fireplace ;  c,  the  arch  above  them.  This 
arch,  destined  to  protect  the  botUes  from  the  £rect  action  of  the  fire,  is  perforated 
with  vent-holes,  to  give  a  passage  to  the  products  of  combustion  between  the  sublim- 
ing vessels ;  d,d,Bxe  bars  of  iron,  upon  which  the  bottom  of  the  bottles  rests ;  e, 
£tonoware  bottles,  protected  by  a  coating  of  loam  from  Uie  fiame. 
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Fig,  45  shows  the  cast-iron  plates,  a,  6,  e,  which,  placed  above  the  vaults,  receive 
each  two  bottles  in  a  double  circular  opening. 

At  the  extremity  of  the  above  ftirnace,  a  second  one,  called  the  drier,  receives 
the  products  of  the  combustion  of  the  first  at  a,  under  horizontal  cast-iron  plates, 
and  upon  which  the  bottom  of  a  rather  shallow  boiler,  b,  rests.  After  passing 
twice  under  these  plates,  rotmd  a  longitudinal  brick  partition,  5,  y,  V't  the  jffoaucts  of 
combustion  enter  the  smoke  chimnev,  o.    See  plan,  jig,  46. 

The  boiler  set  over  this  furnace  should  have  no  soldered  joints.  It  may  be  8|  feet 
brood,  9  or  10  feet  long,  and  1  foot  deep.  The  concrete  sal-ammomac  may  be 
crushed  under  a  pair  of  edge  millstones,  when  it  is  to  be  sold  in  powder. 

Bones,  blood,  flesh,  horns,  hoofs,  woollen  rags,  silk,  hair,  scrapings  of  hides  and 
leather,  &c,  may  be  distilled  for  procuring  ammonia.  When  bones  are  used,  the 
residuum  in  the  retort  is  bone-black.  The  charcoal  from  the  other  substances  will 
serve  for  the  manufacture  of  Prussian  blue.  The  bones  should  undergo  a  degree  of 
calcination  beyond  what  the  ammoniacal  process  requires,  in  order  to  convert  them 
into  the  best  bone-black ;  but  the  other  animal  matters  should  not  be  calcined  up  to 
that  point,  otherwise  they  are  of  little  use  in  the  Prussian  blue  works.  If  the  bones 
be  calcined,  however,  so  highly  as  to  become  glazed,  their  decolorising  power  on 
syrups  is  nearly  destroyed.  The  other  substances  should  not  be  charred  beyond  a 
red-brown  heat. 

The  condensed  vapours  from  the  c^linder-retorte  a£ford  a  compound  liquor  holding 
carbonate  of  ammonia  in  solution,  mixed  with  a  large  quantitpr  of  empyreumatic  oiC 
which  floate  at  top.  Lest  incrustations  of  salt  should  at  any  time  tend  to  obstruct  the 
tubes,  a  pipe  should  be  inserted  within  them,  and  connected  with  a  steam-boiler,  so  as 
to  blow  steam  through  them  occasionally. 

The  whole  liquors  mixed  have  usually  a  density  of  8^  or  0^  Baumi  ^1*060).  The 
sim^est  jprocess  for  converting  their  carbonate  of  ammonia  into  the  chloride  of  am- 
monium IS  to  saturate  them  with  hydrochloric  add,  to  evaporate  the  solutipn  in  a 
leaden  boiler  till  a  pellicle  appears,  to  run  it  off  into  ciystellisers,  and  to  drain  the 
crystels.  Another  process  is,  to  decompose  the  carbonate  of  ammonia,  by  passing  its 
crude  liquor  through  a  layer  of  sulphate  of  lime,  3  or  4  inches  thick,  spread  upon 
the  filters.  Jig,  42.  The  liquor  may  be  laid  on  with  a  jpump ;  it  should  never  stand 
higher  than  1  or  2  inches  above  the  surface  of  the  bruised  gypsum,  and  it  should  be 
closely  covered  with  boards,  to  prevent  the  dissipation  of  the  volatile  alkali  in  the  air. 
When  the  liquor  has  passed  through  the  first  filter,  it  must  be  pumped  up  on  to  the 
second ;  or  the  filters  being  placed  in  a  terrace-form,  the  liquor  from  the  first  may 
flow  down  upon  the  secon(£  and  thus  in  succession.  The  last  filter  should  be  formed 
of  nearly  fresh  gypsum,  so  as  to  insure  the  thorough  conversion  of  the  carbonate  into 
sulphate.  The  resulting  layers  of  carbonate  of  lime  should  be  washed  with  a  little 
water,  to  extract  the  sulphate  of  ammonia  interposed  among  ito  particles.  The  am- 
moniacal liquor  thus  obtained  must  be  completely  saturateo,  by  adding  the  requisite 
quantity  of  sulphuric  acid ;  even  a  slight  excess  of  acid  can  do  no  harm.  It  is  then 
to  be  evaparatwli  and  the  oil  must  be  skimmed  off  in  the  course  of  the  concentration. 
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When  the  liquid  sulphate  has  lusqnired  the  densitjr  of  about  1*160,  sea-salt  should  be 
added,  with  constant  stirring,  till  the  -whole  quantity  equivalent  to  the  double  decom- 
position is  introduced  into  the  lead  boiler. 

The  fluid  part  must  now  be  drawn  off  bv  a  syphon  into  a  somewhat  deep  reserroir, 
where  the  impurities  are  allowed  to  subside ;  it  is  then  evaporated  by  boiling  till  the 
sulphate  of  soda  &lls  down  in  granular  crystals,  as  the  result  of  the  mutual  reaction  of 
the  sulphate  of  ammonia  and  chloride  of  sodium ;  while  the  more  soluble  chloride 
of  ammonium  remains  in  the  liquor.  During  this  ^dpitation,  the  whole  must  be 
occasionallv  agitated  with  wooden  paddles ;  the  precipitate  being  in  the  intervals  re- 
moved to  the  cooler  portion  of  the  pan,  in  order  to  be  taken  out  by  copper  rakes  and 
shovels,  and  thrown  into  draining-hoppers,  placed  near  the  edges  of  the  pan.  The 
drained  sulphate  of  soda  must  be  afterwards  washed  with  cold  water,  to  extract  all 
the  adhering  sal-ammoniac 

The  liquor  thus  freed  from  the  greater  part  of  the  sulphate,  when  suffidentlv  con- 
centrated, is  to  be  drawn  off  by  a  lead  syphon  into  the  crystallisers,  where,  at  the  end 
of  20  or  80  hours,  it  affords  an  abundant  crop  of  crystals  of  sal-ammoniac  The 
mother-water  may  then  be  run  off,  the  crystallisers  set  aslope  to  drain  the  salt,  and 
the  salt  itself  must  be  washed,  first  by  a  weak  solution  of  sal-ammoniac,  and  lastly 
with  water.  It  must  be  next  desiccated,  by  the  apparatus  Jia,  46,  into  a  perfectlv 
dry  powder,  then  put  into  the  subliming  stoneware  oalloons,  by  means  of  a  ftonel, 
and  well  rammed  down.  The  mouth  of  the  bottle  is  to  be  closed  with  a  plate  or  in- 
verted pot  of  any  kind.  The  fire  must  be  nicelv  regulated,  so  as  to  effect  the  subli- 
mation of  the  pure  salt  fh>m  the  under  part  of  the  bottle,  with  due  regularity,  into  a 
white  cake  in  the  upper  part  The  neck  of  the  bottle  should  be  cleared  from  time  to 
time  with  a  long  steel  skewer,  to  prevent  the  risk  of  choking,  and  consequent  bursting ; 
but  in  spito  of  every  precaution,  several  of  the  bottles  crack  almost  m  every  opera- 
tion.— ure. 

The  pots  are  of  variable  dimensions,  but  those  most  frequently  employed  are  about 
18  inches  in  height  in  the  body,  and  the  cups  about  10  or  12  inches,  with  a  breadth 
of  16  inches  at  uie  widest  part 

In  Scotland  a  process  somewhat  similar  is  pursued,  the  salt  being  sublimed  in  cast- 
iron  pots  lined  with  fire  tiles ;  the  condensation  being  effected  in  globular  heads  of 
green  glass,  with  which  each  of  the  iron  pots  is  capped. 

Mantffacture  qf  Sal'Amnumiae/rom  Gaa-IAquor, — ^By  far  the  largest  quantity  of  the 
ammoniacal  salts  now  met  with  in  commerce  is  prepared  from  *  gas-liquor,'  the 
quanti^  of  which  annually  produced  in  the  metropolis  alone  is  quite  extraordinary — 
one  of  the  London  gas-works  poradudng  in  one  year  224,800  gallons  of  gas-liquor,  by 
the  distillation  of  61,100  tons  of  coal;  and  the  total  consumption  of  0(»1  in  London 
forgas-making  is  estimated  at  about  840,000  tons. 

l%e  prindple  of  the  conversion  of  the  nitrogen  of  coal  into  ammonia  by  destructive 
distillation,  as  in  the  manufacture  of  coal  gas,  will  be  found  described  in  connection 
with  the  processes  of  gas  manu&cture  and  the  products  produced  by  the  destructive 
distillation  of  coaL 

In  the  purification  of  the  coal  gas,  the  bodies  soluble  in  water  are  all  contained  in 
the  •  gas-uquor  *  (see  Coal  Gas),  together  with  a  certain  quantity  of  tarrv  matter. 
The  ammonia  is  chiefly  present  in  the  form  of  carbonate,  together  witn  certain 
quantities  of  chloride,  sulpnide,  cyanide,  and  sulphocyanido  of  ammonium,  as  well  as 
the  salts  of  the  compound  ammonias. 

For  the  purpose  of  preparing  the  chloride,  if  hvdrochloric  add  be  not  too  costly, 
the  liquor  is  saturated  with  hydrochloric  add — ^the  solution  evaporated  to  cause  the 
salt  to  crystallise,  and  then,  finally,  the  crude  sal-ammoniac  is  purified  by  sublimation. 

Before  treatment  with  the  add,  the  liquor  is  frequently  distilled. 

This  is  generally  effected  in  a  wrought-iron  boiler,  the  liquors  passing  into  a  modifi- 
cation of  the  Coflfoy's  still,  by  which  the  solution  of  ammonia  is  obtained  freer  from 
tar  and  more  concentrated. 

The  Saturation  qf  the  Ammoniaeal  Liguor  with  the  add  is  generalhr  effected  by 
allowing  the  add  to  fiow,  from  a  large  leaden  vessel  in  which  it  is  held,  into  an  under- 
ground tank  (fy.  47)  containing  the  liquor,  which  is  furnished  with  an  exit  tube, 
passing  into  a  chimney,  to  carry  off  the  sulphuretted  hydrogen  and  other  oflfensive 
gases  which  are  disengaged. 

Or,  in  other  works,  the  gas-liquor  is  put  into  large  tuns,  and  the  add  lifted  in  gutta- 
percha carboys  by  cranes,  thrown  into  the  liquor  and  stirred  with  it  by  means  of  an 
agitator;  the  oflfensive  gases  being  in  this  case  made  to  traverse  the  fire  of  the  steam- 
ennne. 

Sometimes  the  vapours  produced  in  the  distillation  of  the  crude  ffas-liquor  are 
passed  in  at  the  lower  extremity  of  a  column  filled  with  coke,  down  imch  the  add 
trickles. 
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The  BiMg^oraium  of  ike  crude  Saline  Solution  is  generally  performed  in  square  or 
Tvctangolar  cast-iron  yats,  capable  of  holding  from  800  to  1,500  gallons.    They  are 


encased  in  brickwork,  the  heat  being  applied  by  a  firo,  the  flue  of  which  takes  a 
sinnons  course  beneath  the  lining  of  bri(^ork  on  which  the  pan  rests,  as  shown  in 

When  the  liqnor  is  evaporated  to  a  specific  gravity  of  1*25,  it  is  transferred  to  the 
crystallising  pans ;  bat  during  the  process  of  concentration  a  considerable  quantity  of 


t.ir  separates  on  the  surface,  which  must  bo  removed,  from  time  to  time,  by  skimming, 
since  it  seriously  impedes  evaporation. 

The  cryetaUisatUm,  which  takes  place  on  cooling,  is  performed  in  circular  tubs, 
from  7  to  8  feet  wide,  and  2  to  3  deep,  which  are  generally  embedded  entirely  of 
partially  in  the  ground.    To  prevent  the  fonnatioti  of  large  oTstals,  which  would  be 
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inconTenient  in  the  subsequent  process  of  snblimatioD,  the  liqnor  is  agitated  from  time 
to  time.  The  crude  mass  obtained,  -which  is  contaminated  with  tarry  matter,  free 
acid,  and  water,  is  next  dried,  bj  gontlj  heating  it  on  a  cast-iron  plate  under  a  dome. 
The  greyish-white  mass  remaining  is  now  ready  to  be  transferred  to  the  snblimers. 

The  method  of  nMimaiion  generally  adopted  in  this  country  consists  in  beating 
down  into  the  metal  pots,  shown  in  fig.  49,  the  charge  of  dry  coarsely  crystallised  sal- 

49 


ammoniac  These  pots  are  heated  from  below  and  by  flues  round  the  sides.  The 
body  of  the  subliming  vessel  is  of  cast-iron,  and  the  lid  usually  of  lead,  or,  less  fre- 
quently, iron.  There  is  a  small  hole  at  the  top,  to  permit  the  escape  of  steam, 
sometimes  loosely  closed  by  a  pluff  of  sal-ammoniac,  which  is  remoyed  £rom  time  to 
time  to  observe  the  progress  of  tne  sublimation ;  great  attention  is  requisite  in  the 
management  of  the  heat,  for  if  it  be  applied  too  rapidly  a  large  quantity  of  sal-am- 
moniac is  carried  off  with  the  steam,  or  eren  the  whole  apparatus  may  be  blown  up ; 
whilst,  if  the  temperature  be  too  low,  the  cake  of  sal-ammoniac  is  apt  to  be  soft  and 
yellow. 

The  sublimation  is  never  continued  until  the  whole  of  the  salt  has  been  volatilised, 
since  the  heat  required  would  decompose  the  carbonaceous  impurities,  and  they,  emit- 
ting volatile  oily  hydrocarbons,  diminish  the  purity  o£  the  product  In  consequence 
of  this  incomplete  sublimation,  a  conical  mass  (shown  in  the  fig,  49)  is  left  behind, 
called  the  '  yollc'  After  cooling,  the  dome  of  the  pot  is  taken  off  and  the  attached 
cake  carefully  removed.  This  cake,  which  is  from  8  to  6  inches  thick,  is  nearly  pure, 
only  requiring  a  little  scraping,  where  it  was  in  contact  with  the  dome,  to  fit  it  for 
themauet. 

Modifications  of  the  Process. — ^If,  as  is  often  the  case,  sulphuric  acid  is  cheaper  or 
more  accessible  than  hydrochloric,  the  gas  liquor  is  neutralised  with  sulphuric  add, 
and  then  the  sulphate  of  ammonia  thus  obtained  is  sublimed  with  common  salt 
(chloride  of  sodium),  and  thus  converted  into  sal-ammoniac 

NH^O.  S0«  +  NaOl    -  NH*  CI     +  Nap.  S0». 

(VB«)a80«    +  VaCl  »  23n*Ci  +  Mb?BO\ 

Mr.  CroU  has  taken  out  a  patent  for  converting  crude  ammonia  into  the  chloride, 
by  passing  the  vapours  evolved  in  the  first  distillation  through  the  crude  chloride  of 
manganese,  obtained,  as  a  by-product  in  the  preparation  of  chlorine,  for  the  manu- 
facture of  chloride  of  lime :  crude  chloride  of  iron  may  be  used  in  the  same  way. 

Mr.  Laming  patented  in  July,  1843,  the  substitution  of  a  solution  of  chloride  of 
calcium  for  treating  the  crude  gas-liquor,  instead  of  the  mineral  adds.  Mr.  Hills, 
August,  1846,  proposed  chloride  of  magnesium  for  use  in  the  same  way ;  and  several 
other  patents  have  been  taken  out  by  both  these  genUemen,  for  the  ose  of  various 
salts  in  this  way. 

Manufacture  of  Sal- Jmmoniao  from  Gitano. — ^Mr.  Young  took  out  a  patent,  Novem- 
ber 11th,  1841,  in  which  he  describes  his  method  of  obtaining  anmioma  and  its  salts 
from  guano.  He  fills  a  retort,  placed  vertically,  with  a  mixture  of  two  parts  by  weight 
of  guano,  and  one  part  by  weight  of  hydrate  of  lime.  These  substances  are  thoroughly 
mixed  by  ffivinga  redprocating  motion  to  the  agitator  placed  in  the  retort;  a  moderate 
degree  of  heat  is  then  applied,  which  is  gradually  increased  until  the  bottom  of  the 
retort  becomes  red-hot  The  ammoniacal  gas  thus  given  off  is  absorbed  by  water  in 
a  condenser,  whilst  otiier  gases,  which  are  ^ven  off  at  the  same  time,  being  insoluble 
in  water,  pass  off.  Solutions  of  carbonate,  bicarbonate,  or  sesquicarbonato  of  ammonia 
arc  produced,  by  filling  the  condenser  with  a  solution  of  ammonia,  and  passing  car- 
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home  acid  through  it  A  BolxtUon  of  chloride  of  ammonium  or  sulphate  of  ammonia 
is  obtained  by  filling  the  condenser  -with  diluted  hydrochloric  or  sulphuric  add,  and 
passing  the  ammonia  through  it  as  it  issues  firom  the  retort. 

Br.  Wilton  Turner  obtained  a  patent,  March  11th,  1844,  for  obtaining  salts  of  am- 
monia from  guano.  The  following  is  his  method  of  obtaining  chloride  of  ammonium 
in  conjunction  with  cyanogen  compounds : — The  guano  is  subjected  to  destructiye 
distillation  in  dose  Tessels,  at  a  low  red  heat  during  the  greater  part  of  the  opera- 
tion ;  but  this  temperature  is  increased  towards  the  end.  The  products  of  distillation 
are  collected  in  a  series  of  Woolfe's  bottles,  by  means  of  which  the  gases  evolyed 
during  ^e  operation  may  be  made  to  pass  two  or  three  times  throng^  water,  before 
escaping  into  the  air.  These  products  consist  of  carbonate  of  ammonia,  hydrocyanic 
acid,  and  carburetted  hydrogen,  the  first  two  of  which  are  rapidly  absorbed  by  the 
water,  with  the  formation  of  a  strong  solution  of  cyanide  of  ammomum  and  carbonate 
of  ammonia.  After  the  ammoniacal  solution  has  been  removed  from  the  Woolfe*s 
apparatus,  a  solution  of  protodiloride  of  iron  is  added  to  it,  in  such  quantities  as  will 
yimd  sufficient  iron  to  convert  the  latter  into  Prussian  blue,  which  is  formed  on  the 
addition  of  hydrochloric  add  in  suffidont  quantity  to  neutralise  the  free  ammonia ; 
the  predpitate  thus  formed  is  now  allowed  to  subside,  and  is  carefully  separated  from 
the  sohition,  and  by  bdn^  boiled  with  a  solution  of  potash  or  soda,  wiU  yield  the 
alkaline  ferrocyanide,  which  is  obtained  by  crystallising  in  the  usual  way.  The 
solution  (after  the  removal  of  the  jprodpitate)  should  be  freed  from  any  excess  of  iron 
it  may  contain,  by  the  careful  addition  of  a  fi^h  portion  of  the  ammoniacal  liquor,  by 
whidi  moans  the  oxide  of  iron  will  be  predpitatod,  and  a  neutral  solution  of  ammonia 
obtained.  When  the  predjntated  oxide  and  cyanide  of  iron  have  subsided,  the  solu- 
tion of  chloride  of  ammonium  is  drawn  off  by  a  syphon,  and  the  sal-ammoniac  ob- 
tained from  it  by  the  usual  processes ;  the  oxide  of  iron  is  added  to  the  ammoniacal 
solution  next  operated  upon. 

If  sulphate  d  iron  and  sulphuric  add  are  used,  sulphate  of  ammonia  is  the  am- 
moniacal salt  produced,  the  chemical  changes  and  operations  being  similar  to  the  above. 

Since  the  greater  part  of  the  nitrogen  present  in  guano  exists  m  the  state  of  ammo- 
niacal salts,  idiich  are  decomposed  at  a  red  heat,  nearly  the  whole  of  the  ammonia 
ydach  it  is  capable  of  yielding  is  obtained  by  this  method ;  still  there  cannot  be  a 
doubt  that  the  eonversion  of  the  urea,  uric  add,  and  other  nitro^nised  organic  bodies 
into  ammonia,  is  greatly  facilitated  by  mixing  the  guano  with  lime  before  heating  it, 
as  in  Mr.  Young's  process. 

M^m^factltre  of  Sal-Amnwniao  from  Urine, — ^The  urea  in  the  urine  of  man  and 
other  animals  is  extremely  liable  to  undergo  a  fermentative  decomposition  in  the 
presence  of  the  putrefiable  nitrogenous  matters  always  present  in  this  excrement,  by 
whidi  it  is  converted  into  carbonate  of  ammonia. 

By- treating  stale  urine  with  hydrochloric  add,  sal-ammoniac  separates  on  evaporation. 

Propertiei, — Chloride  of  ammonium  (or  sal-ammoniac)  usually  occurs  in  commerce, 
in  fibrous  masses  of  the  lorm  of  large  hemispherical  cakes,  with  a  round  hole  in  the 
centre,  having,  in  fact,  the  shape  of  the  domes  in  which  it  has  been  sublimed.  By 
sloidy  evaporating  its  aqueous  solution,  the  salt  may  occasionally  be  obtained  in 
cakes  nearly  an  inch  in  height;  but  it  generally  forms  feathety  crystals,  which  are 
composed  of  rows  of  minute  ootahedra,  attached  by  their  extremities.  Its  specific 
gra^nty  is  1*46,  and  by  heating  it  sublimes  without  undergoing  fusion.  It  has  a 
sharp  and  acrid  taste,  and  one  part  dissolves  in  2*72  parts  of  water  at  65^  F.,  or  in  an 
equal  wdght  of  water  at  212<*  E. 

It  is  recognised  hj  its  being  completely  volatile  on  heating,  giving  a  white  curdy 
predmtate  of  chloride  of  silver  on  the  aadition  of  nitrate  of  silver  to  its  aqueous 
solution,  and  by  the  copious  evolution  of  ammonia  on  mixing  it  with  lime,  as  weU  as 
^e  production  of  the  yellow  predpitate  of  the  double  chloride  of  ammonium  and 
platinum  NH^Gl,  PtCP  {zMUHn.  Ficn«)  on  the  addition  of  bichloride  of  pktinum. 

Bnmtriiiu, — ^In  the  manufacture  of  diloride  of  ammonium,  if  the  purification  of 
the  liquor  be  not  effected  befbre  crystallising  the  salt,  some  traces  of  protochloride 
of  iron  are  generally  present,  and  freqpentlpr  a  considerable  proportion.  Even  when 
the  rait  is  sublimed,  the  chloride  of  iron  is  volatilised  together  with  the  chloride  of 
ammonium,  and  appears  to  exist  in  the  salt  in  the  form  of  a  double  compound 
(probably  of  FeCl,  NH^Cl,  analogous  to  the  compound  which  chloride  of  ammo- 
mum  forms  with  zinc  and  tin);  and  this  not  only  m  the  brown  seams  of  the  cake, 
bnt  likewise  in  the  colourless  portion.  This  accounts  for  the  observation  so  often 
made  in  the  laboratory,  that  a  solution  of  sal-ammoniac,  whidi,  when  recently 
prepared,  was  perfectly  transparent^  and  colourless,  becomes  gradually  red  from  the 
peroxidation  of  the  iron  and  its  predpitation  in  the  form  of  sesquioxide. 

It  is  in  consequence  of  the  existence  of  the  iron  in  the  state  of  this  double  salt,  that 
WurtE  found  that  diloride  of  ammomum  containing  iron  in  this  form  gave  no  indi- 
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eadoiui  of  its  presenoe  bj  the  ofiuol  reagonts  until  after  the  addition  of  nitric  add ; 
and  it  is  curious  that  there  likewise  exists  a  red  compound  of  this  class  in  which  the 
iron  exists  in  the  state  of  perchloride  similarly  marked,  in  fact  as  NH^Cl,  Fe^OP. 

A  very  simple  method  of  remoying  the  iron,  suggested  by  Mr.  Brewer,  consists  in 
passing  a  few  bubbles  of  chlorine  gas  through  the  hot  concentrated  solution  of  the 
salt)  by  which  the  protochloride  of  iron  is  converted  into  the  perchloride. 

2Fea«     +  CI    -  Fe«01«. 
aveci*  +  ci*  r.  re^ci*. 

The  free  ammonia  always  present  in  the  solution  decomposes  this  perchloride  with 
precipitation  of  sesquioxide,  and  formation  of  an  additional  quantity  <^  sal-ammoniac. 

Fe'Cl*   +  3NH*0        -  Fe*  O*    +  8NH«  Ci. 
We^cV  +  s(VB«)<o  a  re*o*  +  6»R«OL 

The  sesquioxide  of  iron,  which  is  of  course  present  in  the  form  of  a  brown  hydrate, 
IS  filtered  off  or  separated  by  decantation,  ana  a  perfectly  pure  solution  is  obtained. 

The  onl^  precaution  necessary  is  to  avoid  passing  more  chlorine  than  is  requisite 
to  peroxidise  the  iron,  since  the  ammonia  salt  itself  will  be  decomposed  with  eyoiution 
of  nitrogen,  and  the  dangerously  oxplosire  body,  chloride  of  nitrogen,  may  result 
from  the  union  of  the  liberated  mtrogen  with  chlorine. 

Uses. — The  most  important  use  of  sal-ammoniac  in  the  arts  is  in  joining  iron  and 
other  metals,  in  tinning,  &c  It  is  also  extensively  used  in  the  manufcicture  of  am- 
monia-alum, 'which  is  now  largely  employed  in  the  manufacture  of  mordants  instead 
of  jpotash-alum.    A  considerable  quantity  is  also  consumed  in  pharmacy. 

Sal-ammoniac  is  one  of  those  salts  which  possesses,  in  a  hi^  degree,  the  property 
of  producing  cold  whilst  dissolving  in  water ;  it  is,  therefore,  a  common  constituent 
of  Arigorific  mixtures.    See  FssBziNa  Mixtures. 

AMMOJilUMy  BVZiPBZBBB  OF.  When  sulphuretted h3rdrogen  gas  is  passed 
into  a  solution  of  ammonia  in  excess,  it  is  converted  into  the  double  sulphido  of 
ammonium  and  hydrogen — or,  as  it  is  frequently  called,  the  hydrosulphate  of 
sulphide  of  ammonium.— NH^,  HS  (ra\  B8). 

This  solution  is  extensively  employed  as  a  renftgent  in  the  chemical  laboratory,  for 
the  separation  of  those  metals  the  sulphides  of  wMch  are  soluble  in  adds — ^viz.  mckel, 
cobalt,  manganese,  zinc,  and  iron,  which  are  predpitated  by  this  reagent  in  alkaline 
solutions. 

Bv  exposure  to  the  air,  the  hvdrosulphuric  add  which  it  contains  is  decomposed, 
the  hydrogen  bdng  oxidised  and  oonvOTted  into  water,  whilst  the  Uberated  sidphur 
is  dissolved  by  the  sulphide  of  ammonium,  forming  the  bisulphide,  or  even  higher 
sulphide. 

This  solution  of  the  polysulphide  of  ammonium  is  a  valuable  reagent  for  dissolving 
the  sulphides  of  certain  metals,  such  as  tin,  antimony,  and  arsenic,  Uie  sulphides  of 
which  play  the  part  of  adds  and  form  salts  with  the  sulphide  of  ammonium. 

By  this  deporUnentwith  sulphide  of  ammonitim,  these  metals  are  separated,  both  on 
the  smaJl  scale  in  the  laboratory,  and  also  on  the  large  scale,  from  the  sulphides  of 
those  metals — such  as  lead,  copper,  mercury,  &c — the  sulphides  of  which  are  insoluble 
in  sulphido  of  ammonium. 

The  higher  sulphides,  vis.  the  tersulphide  and  the  pontasulphide,  are  bodies 
of  purely  sdentific  interest  They  are  obtained  by  distilling  the  corresponding  sul- 
phides of  potassium  with  sal-ammoniac 

All  the  sulphides  of  ammonium  are  soluble  in  water  without  decomposition. 

Ammonia  combines  with  all  the  inorganio  and  organic  adds,  but  for  an  account 
of  these  compound  bodies  we  must  refer  to  Watts's  '  Dictionary  of  Chemistry,'  as  they 
have  but  few  applications  in  the  arts  and  manu&dnres. 

AMOBVBOini.  (Privative  ^  destitute  of;  /lop^,  shape:  without  shape).  Said 
of  mineral  and  other  substances  which  occur  in  forms  not  easy  to  be  defined.  This 
term  may  be  regarded  as  the  opposite  of  crystalline.  Some  elements  exist  in  both 
the  crystalline  and  the  amorphous  states,  as  carbon,  which  is  amorphous  in  charcoal, 
but  crystalline  in  the  diamond. 

The  peculiarities  which  give  rise  to  these  conditions — evidently  depending  upon 
molecular  fbroee  which  have  not  yet  been  defined— present  one  of  the  most  fertile 
fields  for  study  in  the  range  of  modem  sdencci 

AMTOBA&nr.  C«£PK0»  +  6H0.  (0«  B»  VO"  +  8B*  0<)  A  peculiar 
substance,  existing  ready-formed  in  bitter  almonds,  the  leaves  of  the  eheny-laureli 
the  kernels  of  the  plum,  ehernr,  peach,  and  the  leaves  and  bark  of  PrunuepadtUt  &°a 
im  the  young  sprouts  of  the  P.  domeeiica.  It  is  also  found  in  the  sprouts  of  several 
spedes  of  Smius,  such  as  S,  aucupariot  8,  tormifudis^  and  others  of  the  same  ordef. 
aO  prepare  it,  the  bitter  almonds  are  subjected  to  strong  pressure  between  hot  plates 
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of  metal.  This  has  the  effect  of  remoying  the  bland  oil  known  in  commerce  as  almond- 
oil.  The  residue,  -when  powdered,  forms  almond-meal.  To  obtain  amjgdaUn  from- 
the  meal,  the  latter  is  extracted  with  boiline  alcohol  of  90  or  95  per  cent.  The 
tincture  is  to  be  passed  through  a  cloth  and  the  residue  pressed,  to  obtain  the  fluid 
mechanically  adherent  to  it  The  liquids  will  be  milky,  owing  to  the  presence  of 
some  of  the  oiL  On  keeping  the  fluid  for  a  few  hours,  it  may  be  separated  by  pourinff 
oft,  or  by  means  of  a  funnel,  and  so  obtained  dear.  The  alcohol  is  now  to  be  removed 
by  distillation,  the  latter  being  continued  until  flve-sizths  hare  come  oyer.  The  fluid 
in  the  zetort,  when  cold,  if  to  haye  the  amygdalin  precipitated  £K>m  it  by  the  addition 
of  half  its  Tolume  of  edier.  The  crystals  are  to  be  pressed  between  folds  of  filtering 
paper,  and  reczystallised  from  concentrated  boiling  alcohol.  As  thus  prepared,  it 
forms  pearly  scales,  yery  soluble  in  hot  alcohol,  but  sparingly  when  cold ;  it  is 
insoluble  in  ether,  but  water  dissolyes  it  readily  and  in  large  quantity.  The  crystals 
contain  six  atoms  of  water  of  aj^stallisation.  Most  persons  engaged  in  chemical 
operations  haye  noticed,  when  using  almond-meal  for  the  purpose  of  luting,  that, 
before  being  moistened  with  water,  it  has  little  odour,  and  what  it  has  is  of  an  oily 
kind ;  but,  after  moistening,  it  soon  acquires  the  powerful  and  pleasant  perfume  of 
bitter-almond  oiL  This  arises  from  a  singnlar  reaction  taking  place  between  the 
amygdalin  and  the  vegetable  albumen  or  emulsin.  The  latter  merely  acts  as  a 
ferment,  and  its  elements  in  no  way  enter  into  the  products  formed.  The  decomposi- 
tion, in  &ct,  takes  place  between  one  atom  of  amygdalin  and  four  atoms  of  water ; 
the  product  being  one  atom  of  bitter-almond  oil,  two  atoms  of  grape-sugar,  and  one  of 
prussicacid. 

In  preparing  amygdalin,  some  chemists  add  water  to  the  residue  of  the  distillation 
of  the  tincture,  and  then  yeast,  in  order  to  remoye  the  sugar  present,  by  fermentation, 
preyious  to  precipitating  with  ether :  the  prooess  thus  becomes  much  more  complex, 
because  it  is  necessary  to  filter  the  fermented  liquid,  and  concentrate  it  again  by 
evaporation,  before  precipitating  the  amyffdalin. 

The  mot  that  the  decomposition  whi<£  is  experienced  by  the  bitter-almond  cake, 
when  cBgested  -mth  water,  is  owing  to  the  presence  of  the  two  principles  mentioned, 
rests  upon  the  following  considerations.  If  the  marc,  or  pressed  reeione  of  the  bitter 
i^imntiH^  be  treated  with  boiling  water,  the  emulsin— or  ve^table  albumen — ^will 
become  coagulated,  and  incapable  of  inducing  the  deoompositaon  of  the  amygdalin. 
It  is  only  uie  bitter  almond  which  contains  amygdalin ;  the  sweet  variety  is,  there- 
fore, incapable  of  yielding  the  essenoe  by  fermentation.  But  sweet  almonds  resemble 
the  bitter  in  containing  emulsin ;  and  it  is  exceedingly  intereetii^g— as  illustrating 
the  truth  of  the  explanation  given  abovo— that  if  a  little  amygdalin  be  added  to  an 
emulsion  of  sweet  almonds,  the  bitter-almond  essence  is  immediately  formed.  A 
temperature  of  100^  is  the  most  &vourable  for  the  digestion. — 0.  G.  W. 

AMTUDTB.  This  hydrocarbon,  0**  H'*  (O*  B**^  is  produced  by  the  dehydra- 
tion of  amylic  alcohol  by  sulphuric  acid ;  also  by  the  dcy  distillation  of  amyl-sulphate 
of  w^Hnm,  It  is  a  colourless  thin  liquid,  with  a  ^nt  ofifonsive  odour.  U  has  been 
tried  as  a  substitute  for  chloroform  without  success. 

AlKVXUaC  WUUniOOMm  Mandioca  or  Cassava  starch.  See  Cassava  and 
Haicdioga.         

AVACABSXniK  VUT.  Br.  Bottyer,  in  the  'Bayerisches  Industrie-  und 
Gewerbe-BLatt,'  states  that  the  juice  of  the  Anacardium  nut,  Anaoardium  Orien- 
t(de,  contains  an  oily  matter,  which,  by  exposure  to  the  air,  assumes  a  fine  blade 
colour,  which  is  quite  permanent  against  the  influences  of  adds  or  alkalies,  chlorine  or 
cyanide  of  potassium.  It  is  recommended  for  use  as  a  marking  ink ;  and  if  the  linen 
he  nunstened  with  a  little  anunonia,  the  blad:  is  very  intense  and  quite  iwrmanent 

AVA3bT8Z8«  In  .chemistry,  a  term  which  is  employed  to  signify  the  art  of  re- 
staying  a  compound  substance  into  its  constituent  parts.  Eve^  manufacturer  should 
so  stady  this  art»  in  the  proper  treatises  and  schools  of  chemistry,  as  to  enable  him 
properly  to  understand  and  regulate  his  business. — See  Watts's  *  IMctionary  of  Chem- 
istry.'   See  also  Sfbotbttx  Analysis. 

AVATASa.  An  oxide  of  titanium,  of  the  same  composition  as  Brookite  and 
Bbtile.  It  occurs  in  Bauphinv  with  felspar  and  ilmenite,  in  Devonshire  in  chlorite, 
and  in  North  Wales  with  Brooidte.  It  is  said  to  be  found  in  the  slags  from  the  iron 
f^imaces  of  Orange  County,  United  States. 

AJTCmox.  (Ancre,  Er. ;  Anker,  Ger.)  An  iron  hook,  of  peculiar  construction 
and  of  considerable  weight  and  stren^,  for  enabling  a  ship  to  lay  hold  of  the 
ground,  and  fix  itself  in  a  certain  situation  by  means  of  a  ro|)e  <Alled  the  cable.  The 
necessity  for  securing  boats,  canoes,  or  ships  in  a  certain  position,  has  led  to  the  adop- 
tion of  anchors,  of  some  description,  amongst  every  nation  dwelling  upon  the  diores  of 
seas,  lakes,  or  rivers.  Thev  were  often  <n  the  rudest  description.  We  are  informed 
that  the  Greeks  at  first  used  stone  anchors,  but  that  they  subsequently  employed  in- 
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struments  of  iron,  having  one»  two,  and  three  teeth,  which  were  not  apparently  very 
different  from  those  we  now  employ.  The  anchors  which  are  used  by  many  of  the 
races  inhabiting  the  shores  of  the  Indian  Ocean  are  made  of  the  so-called  *  iron-wood,' 
which  is  so  dense  that  it  sinks  in  sea-water.  The  anchor  is  an  instrument  of  the 
greatest  importance  to  the  navigator,  since  upon  its  taking  and  keeping  hold  depends 
his  safety  upon  many  occasions,  especially  near  a  lee  shore,  where  he  might  be  other- 
wise stranded  or  shipwrecked.  Andiors  are  generally  made  of  wrought  iron,  except 
among  nations  who  cannot  work  this  metal  weU,  and  who  therefore  use  copper.  The 
mode  in  which  an  anchor  operates  will  be  understood  from  inspection  of  ^.  60,  where, 


from  the  direction  of  the  strain,  it  is  obvious  that  the  anchor  cannot  move  without 
ploughing  up  the  ground  in  whidi  its  hook  or  fiuke  is  sunk.  When  this,  however, 
unluckily  takes  place,  from  the  nature  of  the  ground,  from  the  mode  of  insertion  of 
the  andior,  or  from  the  violence  of  the  winds  or  currents,  it  is  called  dragging  the 
anchor.  When  the  hold  is  good,  the  cable  or  the  buried  arm  will  sooner  br^  than 
the  idiip  will  drive.  Anchors  are  of  different  sises,  and  have  different  names,  ac- 
cording to  the  purposes  they  serve ;  thus  there  are  hower^  stream,  and  kedge  anchors. 
Ships  of  the  first  chiss  have  seven  anchors,  and  smaller  vessels,  such  as  brigs  and 
schooners,  three. 

The  metal  employed  for  anchors  of  wrought  iron  is  known  as  *  scrap  iron,'  and  for 
the  best  anchors,  such  as  Lenox's,  they  also  use  good  *  Welsh  mine  iron.' 

It  is  not  practical,  without  occnpving  more  space  dian  can  be  afforded,  to  describe 
in  detail  the  manufacture  of  an  anchor.  It  does  not,  indeed,  appear  desirable  that  we 
should  do  so,  since  it  is  so  special  a  form  of  mechanical  industnr,  that  few  will  consult 
this  volume  for  the  sake  of  laaming  to  make  anchors.  The  following  will  the^fore 
suf^.  The  anchor-smith's  forge  consists  of  a  hearth  of  brickwork,  raised  about  9 
indies  above  the  ground,  and  generally  about  7  feet  square.  In  Uie  centre  of  this 
is  a  cavity  for  containing  the  fire.  A  vertical  brick  wall  is  built  on  one  side  of  the 
hearth,  iniich  supports  the  dome,  and  a  low  chimney  to  carry  off  the  smoke.  Behind 
this  wall  are  placed  the  bellows,  with  which  the  fire  is  urged;  the  bellows  being  so 
placed  that  they  blow  to  the  centre  of  the  fire.  The  anvil  and  the  crane  by  which 
the  heavy  masses  of  metal  are  moved  from  and  to  the  fire  are  adjusted  near  the  hearth. 
The  HercuUs,  a  kind  of  stamping  machine,  or  the  steam  hammer,  need  not  be  described 
in  this  place. 

To  make  the  anchor,  bars  of  good  iron  are  brought  together  to  be  faggoted ;  the 
number  varving  with  the  size  of  the  anchor.  The  faggot  is  kept  together  by  hoops 
of  iron,  and  the  whole  is  placed  upon  the  properly  arranged  hearth,  and  covered  up 
by  small  coals,  which  are  thrown  upon  a  kind  of  oven  m^e  of  dnders.  Great  care 
and  good  management  is  required  to  keep  this  temporary  oven  sound  during  the 
combustion ; — ^a  smith  strictly  attends  to  this.  When  all  is  arranged,  the  bellows 
are  set  to  work,  and  a  blast  urged  on  the  fire ;  this  is  continued  for  about  an  hour, 
when  a  good  welding  heat  is  obtained.  The  mass  is  now  brought  from  the  fire  to  the 
anvil,  and  the  iron  welded  by  the  hammers.  One  portion  having  been  welded,  the 
iron  is  returned  to  fire,  and  the  operation  is  repeated  until  the  -whole  is  welded  into 
one  mass. 

This  will  be  understood  bv  referring  to  the  annexed  figures  {fg,  51),  in  whidi  the 
bars  for  the  shanks,  a.  ▲,  and  the  arms,  b  b,  are  shown,  in  plan  and  sections,  as  bound 
together,  and  their  shapes  after  being  welded  before  umon ;  and  cc  represents  the 
pfldm. 
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The  dif&rent  parts  of  Uio  anchor  being  made,  the  arms  are  united  to  the  end  of  the 
shank.  This  mnst  be  done  witb  great  care,  as  the  goodness  of  the  anchor  depends 
entirely  npon  this  process  being  efifectiyelj  performed.      The  arms  boing  welded  on, 

61 


the  ring  has  to  be  formed  and  \relded.  The  ring  consists  of  several  bars  welded 
together,  draim  out  into  a  ronnd  rod,  passed  through  a  hole  in  the  shank,  bent  into  a 
circle,  and  the  ends  welded  together.  "When  all  the  parts  are  acljnsted,  the  whole 
anchor  is  brought  to  a  red  heat,  and  hammered  with  lighter  hammers  than  those  used 
for  welding,  the  object  being  to  giye  a  finish  and  eyenness  to  the  sur&ce. 

The  toughest  iron  which  can  be  procured  should  be  used  in  the  manufacture  of  an 
anchor,  upon  the  strength  of  which  both  the  security  oC  valuable  lives  and  much 
property  depends. 

'tht  manufacture  of  anchors  requires  great  knowledge 
of  the  structure  of  iron,  and  skill  in  the  art  of  working 
it  The  yarioua  parts  of  an  anchor  are  thus  named : — 
hi  Jig.  52,  A  is  the  tiank;  b,  the  arm  or  fluke;  c,  the 
p^m;  D,  the  blade;  e,  the  square;  f,  the  nut;  o,  the 
ring;  h,  the  croum, — the  proportional  weights  of  the 
several  parts  being  as  follows : — 


The  shank 

.    Aths  of  the  whole. 

Eacharm 

.    fLths         „ 

Two  palms 

•     fljth          „ 

Stock 

•    Jth            „ 

Shackle  . 

.   Ati 

The  bars  and  half  the 


The  drawings  on  next  page  {fig,  63)  show  an  anchor 
on  the  old  plan  and  the  dissectea  parts  of  which  it  is 
composed ;  and  (fi^,  64),  the  patent  anchor  as  invented 
by  Mr.  Peniug,  with  its  several  parts  dissected  as  before. 

Perring's  improved  andior  was  a  very  ingenious  one. 
breadth  of  the  anchor  are  first  welded  separately,  and  then  placed  side  by  side,  when 
the  upper  half  is  worked  into  one  mass,  while  tne  lower  part  is  left  disunited,  but  it 
has  carrier  iron  bars,  or  porters,  as  the  prolongation  rods  (3,  3,  fig.  63),  are  com- 
monly called,  welded  to  the  extremity  of  each  portion.  The  lower  part  is  now  heated 
and  placed  in  the  clamping  machine,  which  is  merely  an  iron  plate  firmly  bolted  to  a 
mass  of  timber,  and  bearing  upon  its  surface  four  iron  pins.  One  end  of  the  crown  is 
placed  between  the  first  of  these  pins,  and  passed  under  an  iron  strap ;  the  other  end 
is  brought  between  the  other  pins,  and  is  bent  by  the  leverage  power  of  the  elongated 
rods  or  porters. 

Thus  a  part  of  the  arm  being  formed  out  of  the  crown  gives  much  greater  security, 
when  a  true  union  of  Abres  is  dSected,  than  when  the  junction  was  made  merely  by  a 
short  scarf. 

The  angular  opening  upon  the  side  opposite  is  filled  with  the  chock,  formed  of  short 
iron  bars  placed  upng^t.  When  this  has  been  firmly  welded,  the  truss-piece  is 
brongiht  over  it."^  Tnis  piece  is  made  of  plates  similar  to  the  above,  except  that  their 
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edges  are  here  horizontaL  The  tnue-ideoe  is  half  the  breadth  of  the  am;  so  that» 
when  united  to  the  crown,  it  constitatee,  with  the  other  parts,  the  total  breadth  of  the 
arms  at  those  places. 


The  shank  is  now  shnt  upon  the  crown ;  the  square  is  formed,  and  the  nuts  welded 
to  it;  tile  hole  is  punched  out  for  the  ring,  and  the  shank  is  then  fasluoned. 


54 


tr^^^^^ 


The  blade  is  made  much  in  the  waj  above  described.  In  making  the  palm,  an  iron 
rod  is  first  bent  into  the  approximate  form,  notching  it  so  that  it  maj  more  readily  take 
the  desired  shape.  To  one  end  a  porter  rod  is  listened,  bj  whidi  the  palm  is  carried 
and  tomed  round  in  the  fire  during  the  progress  of  the  fabrication,  iron  plates  are 
next  laid  side  bpr  side  upon  the  rocC  and  the  joint  at  the  middle  is  broken  by  another 
plate  laid  over  it.  When  the  mass  is  worked,  its  under  side  is  filled  up  by  similar 
plates,  and  the  whole  is  completely  welded;  pieces  being  added  to  the  sides,  if  neoee- 
sarr,  to  form  the  angles  of  the  palm.  The  blade  is  then  shut  on  to  the  palm,  after 
whidi  thepart  of  the  arm  attached  to  the  blade  is  united  to  that  which  oonstttutes  the 
crown.    The  smith-work  of  the  anchor  is  now  finished. 

The  junction— or  shutting-on,  as  the  workmen  oall  it— of  the  sereral  members  of  an 
anchor  is  e£KKrted  by  an  instrument  called  a  Hercules,  which  is  merely  a  mass  of  iron 
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teised  to  a  eertain  height,  between  parallel  uprights,  as  in  the  pile-engine  or  vertical 
xam,  and  let  &11  upon  the  metal  previonslj  brought  to  a  welding  heat 

The  end  of  the  shank  is.sqnarckl  to  receive  and  hold  the  stock  steadily  and  keep  it 
from  taming.  To  prevent  it  shifting  along,  there  are  two  knobs  or  tenon-like  pro- 
jections. ^6  point  of  the  angle  h,  between  the  arms  and  the  shank,  is  sometimes 
called  the  throat.  The  arm,  b  c,  generaUv  makes  an  angle  of  56^  with  the  shank  ▲ ; 
it  is  either  round  or  polygonal,  and  about  half  the  length  of  the  shank. 

The  ftoei  of  the  anchor  {fy.  60)  is  made  of  oak.  It  consists  of  two  beams  which 
embrace  the  square,  and  are  finnly  united  by  iron  bolts  and  boons,  as  shown  in  the 
fignre.  The  stock  is  usually  somewhat  longer  than  the  shank,  has  in  the  middle  a 
thickness  about  one-twelfth  of  its  length,  but  tapers  at  its  undor-side  to  nearly  one^ 
half  this  thinness  at  the  extremities. 

*  An  ingenious  fbrm  of  anchor  was  made  the  subject  of  a  patent,  by  lieutenant 
Bodger,  of  the  Boyal  Navy,  in  1828,  and  was  afterwards  modified  by  him  in  a  second 
ntent,  obtained  in  August,  1829.  The  whole  of  the  parts  of  the  anchor  are  to  be 
bound  together  bv  means  of  iron  bands  or  hoops,  in  place  of  bolts  or  pins, 

Fiff,  66  is  a  side  view  of  a  complete  anchor,  farmed  upon  his  improved  construo-- 
tion,  and  fy.  56  a  plan  of  the  same ;  fy.  57,  an  end  view  of  the  crown  and  flukes^ 
or  arms ;  Juf,  56  represents  the  two  prin- 
cipal iron  plates,  a^Ot  of  which  the  shank 
is  constructed,  but  so  as  to  form  parts  of 
the  stump-arms  to  which  the  flukes  are 
to  be  connected. 

The  crown-piece  is  to  be  welded  to 
the  stump-piece,  e  e^Jig,  58,  as  well  as  to 
the  end,  2,  of  the  centre-piece,  h  A,  and 
the  scarfii,  m  m,  are  to  bo  out  to  receive 
the  arms  or  flukes.  PMviously,  however, 
to  uniting  the  arms  or  flukes  to  the 
stump-arms,  the  crown  and  throat  of  the 
anchor  are  to  be  strengthened  by  the 
application  of  the  crown  slabs,  #,  fig. 
58,  which  are  to  be  welded  upon  each 
side  of  the  crown,  overlapping  the  end  of 
the  pillar,  A,  and  the  throat  or  knees  of 
the  stump-arms  and  the  crown-inece.  The 
stump-arms  are  then  to  be  strengthened 
in  a  similar  manner,  l^  the  tmn  flat 
peces,  p  ji,  whidi  are  to  be  welded  upon 
each  side.  The  palms  are  united  to  the 
flukes  in  the  usual  way,  and  the  flukes 
are  also  united  to  the  stump-arms  by 
means  of  the  long  scarfs,  m  »».  When 
the  shank  of  the  anchor  has  been  thus 
formed,  and  united  with  the  flukes,  the 
anchor-smith's  work  may  be  said  to  be 
complete. 

Auother  of  the  improvements  in  the 
construction  of  anchors,  claimed  under 

this  patent,  consists  in  a  new  method  of  affixing  the  stock  upon  the  shank  of  the 
anchor,  which  is  efiectod  in  the  following  manner :  in/^.  55  the  stock  is  shown  affixed 
to  the  anchor ;  in  /y.  58  it  is  shown  detached.  It  may  be  made  either  of  one  or  two 
pieces  of  timber,  as  shall  be  found  most  convenient.  It  is,  however,  to  be  observed 
that  the  stock  is  to  be  completed  before  fltting  on  to  the  shank.  After  the  stock  is 
shaped,  a  hole  is  to  be  made  through  the  middle  of  it,  to  flt  that  part  of  the  shank  to 
which  it  is  to  be  affixed.  Two  stock  plates  are  then  to  be  let  in,  one  on  each  side  of 
the  stock,  and  made  fkst  by  counter-sunk  nails  and  straps,  or  hoops ;  otner  straps  or 
hoops  of  iron  are  also  to  be  placed  round  the  stock,  as  usual. 

In  nlace  of  nuts,  formed  upon  the  shank  of  the  anchor,  it  is  proposed  to  secure  the 
stock  by  means  of  a  hoop  and  a  key,  shown  above  and  below  j,  in  fig,  56.  By  this 
contrivance  the  stock  is  prevented  firom  going  nearer  tp  the  crown  of  the  anchor  than 
it  ought  to  do,  and  the  key  prevents  it  firom  sliding  towards  the  shackle. 

Since  fitting  the  stock  to  the  shank  of  an  anchor  by  this  method  prevents  the  use 
of  a  ring,  as  in  the  ordinary  manner,  the  patentee  says  that  he  in  all  cases  substitutes  a 
shackle  for  the  ring,  and  which  is  all  that  is  required  for  a  chain  cable ;  but  when  a 
hempen  cable  Is  to  be  used,  he  connects  a  ring  to  the  usual  shackle,  by  means  of  a 
joimng  shackle,  as  in^.  55  and  ^.    The  stmsk  is  shown  in  fig.  69^ 
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Mr.  Rodger  propoees,  under  another  patent,  dated  Jnly,  1833,  to  alter  the  lize  and 
form  of  the  palms ;  haying  foond  from  experience  that  anchors  with  small  palms  will 
not  only  hold  better  than  with  large  ones,  but  that  the  arms  of  the  anchor,  eren 
without  any  pahns,  have  been  found  to  take  more  secure  hold  of  the  ground  than 
andiors  of  the  old  construdAon  of  similar  weight  and  length.  He  has  accordingly 
fixed  upon  one-fifth  of  the  length  of  the  arm,  as  a  suitable  proportion  for  the  length 
or  depth  of  the  palm.    He  makes  the  palms,  also,  broader  than  they  are  long  or  deep. 

Previously  to  the  introduction  of  Lieutenant  Rodger's  small-pahned  anchor,  ships 
wore  supplied  with  heavr,  cumbersome  oontriyances  with  long  shanks  and  broad  palms 
extending  half-way  up  the  flukes.  So  badly  were  they  proportioned,  that  it  was  no 
uncommon  thing  K>r  them  to  break  in  falling  on  the  bottom,  particularly  if  the  ground 
was  rocky.  But,  if  once  firmly  imbedded  in  stiff  holding  ground,  there  was  oonsi« 
derable  difficulty  in  breaking  them  out.  The  introduction  cf  the  small  palm,  there- 
fore, JToEms  an  important  era  in  the  history  of  anchors. 

^e  next  important  intzoductaon  was  Fcnrtar^s  andior,  with  moyeable  flukes  or 
arms.  One  grand  object  sought  to  be  attained  here,  was  the  preyention  of  fouUng  by. 
the  cable.  It  was  considered,  also,  that  as  great  injury  was  frequently  occasioned  by 
a  ship  grounding  on  her  anchor,  the  closed  upper  arm  would  remedy  the  eviL  It  was 
found,  however,  that  the  anchor  would  not  take  the  ground  prop^y  as  at  first  con- 
structed, and  hence  the  '  shark's  fin '  upon  the  outside  of  each  fiuke. 

Rodger's  invention  was  for  some  time  viewed  with  distrust ;  but,  from  time  to  time, 
improvements  were  introduced,  until  the  patent,  which  gained  the  Exhibition  prise, 
was  brought  out    On  this  the  jurors  reported  as  follows : — 

'Many  remarkable  improvements  have  been  recently  made  by  Lieutenant 
Rodger,  R.K.,  insuring  a  better  distribution  of  the  metal  in  the  direction  of  the 
greatest  strains.  The  palm  of  the  anchor,  instead  of  being  fiat,  presents  two  inclined 
planes,  calculated  for  cutting  the  sand  or  mud  instead  of  resisting  perpendicnlariv; 
and  the  conseouenoe  is,  that  these  new  anchors  hold  much  better  in  the  ground.  The 
committee  of  Lloyd's — so  competent  to  judge  of  every  oontzivanoe  likely  to  preserve 
ships — ^have  resolved  to  allow  for  the  anchors  of  the  ships  they  insure  a  sixth  less 
weight  if  made  according  to  the  plan  of  Lieutenant  Rodger.' 

The  original  Porter's  anchor  has  also  undergone  considerable  modification ;  and, 
under  the  name  of '  Trotman's  anchor,'  has  now  a  conspicuous  place. 

Another  invention  is  that  of  Mitcheeon's,  whidi,  in  form  and  proportions,  strongly 
resembles  Rodger's ;  but  the  palm  is  that  adopted  in  Trotman's,  or  Porter's  anchor. 
It  is  a  trifie  longer  in  the  shank  than  Rod^er^s,  and  has  a  peculiar  stock,  whidi — . 
although  original  in  its  form— lacks  originabty  in  its  design,  since  Rodger  had  pre- 
viously intitKhioed  a  plan  for  an  iron  stodc  to  obviate  the  weakness  caused  by  making 
a  hole  for  the  stodc  to  pass  through.  Mr.  Lenox  was  the  inventor  of  an  anchor  which 
differed  somewhat  from  the  Admiralty's  anchor — a  modification  of  Rodger's — ^in 
being  shorter  in  the  shank  and  thicker  in  the  flukes,  the  palms  being  spade-shaped. 
Mr.  J.  Aylen,  the  Master-Attendant  of  Sheemess  Do<^yard,  modified  the  Admiralty's 
anchor.  Instead  of  the  inner  part  of  the  fiuke,  from  the  erown  to  the  pea,  being 
rounded,  as  in  the  Admiralty  plan,  or  squared  as  in  Rodger's  and  Mitcheson's,  it  is 
hollowed.  An  American  anchor,  known  as  Isaac's,  has  a  fiat  bar  of  iron  from  palm 
to  paltt,  passing  the  shank  elliptically  on  both  sidep ;  and  from  the  end  of  the  stock 
to  the  centre  of  the  shank  two  other  bars  are  fixed  to  prevent  its  fouling. 

With  the  anchors  thus  briefly  described  the  Admindty  ordered  trials  to  be  made  at 
Woolwich,  and  at  the  Nore.  The  results  of  those  trials — ^the  particulars  of  which  need 
not  be  given  here — ^were,  that  Mitcheson's,  Trotman's,  Lenox's,  and  Rodger's  were 
selected  as  the  best 

A  com]petent  authority,  writing  in  the  Untied  Sartfiee  GaeetUt  says: — 'The 
general  opinion  deduced  from  the.soies  of  experiments  is,  that  although  Mitcheson's 
has  been  so  successful,  the  stock  is  not  at  present  seaworthy.  Trotman's  has  come 
out  of  the  trial  very  suoeessAilly,  but  the  construction  is  too  complicated  to  render  it  a 
good  working  anchor.  When  once  in  the  ground,  its  holding  properties  are  very 
suptffior ;  in  fact,  a  glance  at  its  grasp  will  show  that  it  has  the  capabilities  of  an 
anchor  id  another  construction  one-flfui  larger.  There  are,  however,  drawbacks 
not  easily  to  be  overcome.  Its  taking  the  ground  is  more  precarious  than  with  other 
anchors ;  and  if  a  ship  should  part  her  cable,  it  would  scarcely  be  possible  to  sweep 
the  anchor.  It  is  also  an  awkward  anchor  to  fish  and  to  stow.  Tet  there  are  other 
merits  which  render  it,  upon  the  whole,  a  most  valuable  invention,  and  no  ship  should 
go  to  sea  without  one.  Of  Leno^ii  it  i$i^fficient  to  $aythatit  has  been  found  equalto, 
and  that  it  ha»  gained  an  advantage  over^  Badger's  ;  but  so  strong  is  the  professional 
feeling  in  f&vour  of  the  latter,  that  it  will  over  remain  a  favourite.  Our  recom- 
jnendation  would  be  thus : — ^Lenos  and  Rodger  for  bower  anchors^  Mitchesoa  for  ^a 
sheet,  and  Tztytofui  for  a  spare  imchor.' 
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The  Ibllowiog  Table  g^TM  at  one  iriew  the  xmuU>  of  the  escperinieiitis  made  hT 
the  Admitalty  tipoa  bieaking  the  trial-andion,  and  the  time  ocenpied  upon  eaen 


Weight 

Proof, 
strain 

First 
Crack 

Broke 

Time  in 
Breaking 

Cvts.  qn.  Ib0. 

Tods 

TOOB 

Tons 

Hinntes 

Lieut  Rodger's 

19    0      8 

l^ 

45 

73* 

21    - 

Brown  and  LeDoz'0 . 

20     3     U 

21 

44* 

47 

7 

Isaac's     .... 

21     0     U 

21; 

58 

68 

10 

Trotman's 

21     1     10 

21    , 

51 

58 

18 

HonibaU's        . 

20    8      7 

21; 

54 

75 

42 

Admiialty'«     . 

20    2      6 

21; 

40 

56 

26 

Ajlen's    .        . 

21     1      0 

21} 

44 

47i 

6 

The  bistonr  of  the  introductioQ  of  Lenox's  anchors  toUie  British  navy  was  as  follows : 
After  sundry  attempts  to  induce  the  Admiralty  io  giye  up  entirely  the  use  of 
hempen  cable  anchors,  in  consequence  of  their  breakinff  when  applied  to  chain  cables, 
Hr.  Lenox,  in  1832,  was  permitted  to  alter  some  of  Sie  old  anchors  to  such  inropor- 
tions  and  shape  as  would  enable  them  to  stand  a  proof-strain  upon  the  macnine  in 
Woolwich  Dod^rard.  It  was  found,  as  previously  apprehended  and  asserted,  that 
from  the  inequality  of  material  in  the  old  anchors,  not  aboye  one  in  three  was  success- 
fully altered^  and  Mr.  Lenox  was  ordered  to  supply  new  anchors,  which  were  proved, 
and  then  ^iqprored  ot  This  state  of  things  continued  until  1888,  when  Mr.  Lenox 
was  Teq[nestM  to  reconsider  and  complete  Uie  shape  and?proport)ons  of  anchors  for 
the  navy,  with  a  view  to  a  contract  being  given  out  fbr  the  supply  of  such  anchors  to 
the  service.  Then  was  constructed  the  shape  called  the  *  Admiralty,'  or  'Sir 
'William  Piker's  Anch<»'  (Sir  William  being  then  Store  Lord).  Mr.  Lenox 
suggested  to  Sir  William  the  dmng  away  with  every  sharp  edge  and  line  in  an 
anchor,  and  adopting  the  smooth  long-oval  Tin  the  section)  for  the  general  shape  of 
shank  and  arm.  This  was  approved  of  by  Sir  William,  and  he  brought  it  out  as  his 
wachor.  An  entire  Table  of  proportions  was  ftirmshed ;  but  that  it  might  meet  with 
no  opposition  ftom  the  influence  of  dockyard  authority,  it  was  sent  to  the  officers  of 
Portsmouth  Yard  for  their  approraL  They  returned  it  after*  a  few  months,  with 
some  slight  alterations  in  the  proportions  of  some  of  the  sizes,  and  recommended  the 
construction  to  be  on  'Ferring's  principle'  of  the  cushioned, 


or  made-up,  crown. 


60 


!v 


It  was  80  adopted,  and  continued  to  be  made  by 
Brown  and  Lenox  for  about  a  year  or  two,  when 
the  great  and  unnecessary  expense  incurred  by 
the  plan  was  pointed  out.  It  was  contended  it 
was  without  any  good ;  because,  if  the  crown  of 
the  anchor,  or  any  shut  or  weld,  was  made  sound 
and  perfect,  the  amalgamation  of  the  grain  of  the 
iron  would  be  complete,  and  assume  its  full  power 
or  strength,  whatever  way  it  might  be  put  to- 
gether ;  and  the  strongest  form  was  that  which 
exposed  the  least  surface  of  iron  to  the  welding 
heat,  and  consequently  to  iigury.  About  tl^ei 
.latter  end  of  1889,  the  subject  was  again  opened. 
Mr.  Lenox  renewed  his  objections,  by  letter  to 
.Sir  William  P&rker,  to  'Fening's  plan'  of  shut-, 
ting-up,  and  the  cotsequence  was — ^a  contract, 
wiu  speciflcation,  &c  &c  appeared,  and  an* 
■improved  or  modified  plan  of  vhutting-up  (as  it 
is  called)  was  proposed  by  Mr.  lyier,  master- 
smith  of  Fortsmouth  Yard,  which  was  adopted ; 
land  Mr.  Lenox's  shape  and  proportions  (sHghUy 
ialtered,  as  before  said)^  came  out  as  *  Sir  WiUiam 
Barker^s,'  or  the  *  Admiralty  Anchor,'  and  continued,  until  after  the  trials  in  1852, 
with  eperv  sucoeu  in  actud  service  that  a  good  anohor  could  maintam,  and  they  were 
tnade  and  sold  in  quantities  to  all  the  world. 

In  the  navy  of  England,  and  in  nearly  all  foreign  navies,  this  anchor,  of  which 
Jh,  dO.repcesents  the  fanog  ynn  adopted.  They  are  also  largely  employed  iff  the  mer- 
chant serviee;  but  these  are  not  so  nicely  proportioned  as  the  anchors  miside  for  the 
fiomnmentt  nor  are  they -so  highly  finished.  Many  merobant  captains,  however,  take 
bodger^s  anchor,  and  our  steamers  almost  invariably  take  Porter's  or  Trotmn'vAndMOL 
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TMmtm't  Antkor  it  npMMntod  in  Jif.  61,  nndw  its  nrion*  potitiooa.    Althi 
tat  conTenidnee  Trotman'a  anchor  it,  m  m  hare  already  atat«d,  largely  wed  by 


I 


merchant  steamers,  wo  cannot  but  feel  that  the  separation  of  the  fluke  from  the  shaft, 
althoogh  it  may  bo  in  many  cases  unobiectionable,  is  attended  with  the  risk  that  when, 
in  an  emergency,  the  anchor  is  reqnirea,  the  means  of  connexion  may  be  at  faulty 


62 


1 


J 


H^ 


Captain  HalFs  anchor  is  a  Teiy  yalnabla  one,  from  the  dieomstance  that  it'Ss 
capable  of  diyision,  as  shown  in  Jig.  62,  so  that  it  can  be  taken  out  in  boats. 

Then  an  Taxioos  other  shapes  cf  aDchon ;  but  aMeotlon  hai  been  confined  to  those 
gMMnlly  employed. 
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We  are  not  in  a  position  to  offer  an]r  opinion  npon  the  valne  of  the  sevoral  anchors 
which  hare  been  named.  Having  described  their  peenliarities,  there  remains  but  little 
to  be  said.  The  solidity  of  Lenox's  anchors — as  shown  in  Jig,  63,  and  again  in  their 
more  reeent  modifications,  in  plan  and  section,  with  the  now  form  of  iron  stock, 
/E7.  6i — has  recommended  them  strongly,  and  hence  their  general  uso. 
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The  wei^t  of  anchors  for  different  ressels  is  proportionod  to  tho  tonnngc.  Tho 
following  Tables  show  the  number  of  anchors  now  carried,  and  tho  weights  of  ench 
anchor,  py  the  ships  of  the  Nary,  under  the  Admiralty  regulations,  and  by  merchant 
teasels  by  the  regulation  of  Lloyd's : — 

Admihaltt  Bbgxtlatioxs. 
SaiUng  VeueU, 


VameofBUp 

Tcnmage 

Number 

Wdgbt 

Bower 

Stream 

Kedge 

Bower 

Stream 

Kedge 

torn 

Cwt. 

Cwt. 

Cwt. 

dueen     •       .       •       • 

8099 

2 

99 

25 

12 

Camperdown 

2404 

2 

94 

23 

12 

Albbn     • 

8082 

2 

92 

23 

12 

Vanguard 

2609 

2 

85 

21 

10 

Cambridge 

2189 

2 

81 

20 

10 

Berenge  • 

1954 

2 

77 

19 

9 

Edinburgh 

1772 

2 

73 

18 

9 

Southampton 

1476 

2 

61 

15 

8 

-JSndymiom 

]      , 

1277 

2  . 

53 

.14 

7 

J^tag       •. 

1218 

2 

50 

13 

6 

ThaUa     . 

.1082 

2 

47 

12 

6 

Vestal      . 

913 

2 

38 

10 

5 

IHdo 

731 

2 

31 

9 

5 

Vohge     .        , 

616 

2 

27 

8 

4 

Columbine 

492 

2 

23 

7 

4 

Cygnet    . 
Nautilus  . 

850 

2 

.    18 

6 

3 

233 

2 

13 

5 

3 

Small  brigs      . 

••• 

8 

1 

11 

4 

2 

Cutters    .... 

... 

2 

1 

9 

8 

2 
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Steam 

\Frigat€$* 

KameofShip 

Knmbor 

Weight 

Tonnage 

Bower 

StreuD 

Kedge 

Bower 

8tnun 

Kedge 

Tent 

Owt. 

Owt. 

Cwt. 

Terrible  .... 

1847 

8 

56 

14 

7 

Betribution 

1641 

8 

52 

18 

6 

Penelope .... 

1616 

3 

52 

18 

6 

Avenger  .... 

1444 

3 

85 

11 

6 

Sampeon  .... 

1297 

3 

85 

11 

6 

Cyclops    .        .        ,        , 

1196 

8 

88 

10 

5 

8Uam  Sloops, 

Inflexible         .        .        . 

1124 

8 

32 

10 

5 

Virago     .... 

1059 

8 

30 

10 

5 

Medea      .... 

835 

1    ! 

8 

28 

9 

5 

Hecla       .... 

817 

1    ' 

3 

26 

8 

5 

Aident     .... 

801 

8 

23 

7 

4 

Volcano  .        .        . 

720 

3 

1    i 

8 

21 

7 

4 

Steam  Gun-VeeeeU. ' 

Sydenham        .       . 

596 

8 

1 

8 

20 

6 

4  : 

Spitfire    0        0m, 

430 

8 

1 

3 

16 

6 

4 

Porcupine        «        •        • 

382 

8 

1 

)    ^ 

13 

5 

24 

Harp       .... 

345 

8 

1 

'    8 

11 

44 

21; 

For  the  following  Tables  I  am  indebted  to  the  kindness  of  the  Chief  Constructor  of 
her  Migesty's  Navy : — 


Screw  Fngatee,  Ironclad. 

Kame 

Tonnage' 

Kamber 

Weight 

- 

Bower 

Stream 

Kedge 

Bower 

Stream!     Kedge 

Achilles     . 
Warrior     . 
Bellerophon 
Hector 

Lord  Warden     . 
V  Prince  Consort  . 
t)efenoe     . 
Pallas       .       .       . 

No. 
6121 
6109 
4270 
4089 
4080 
4045 
3720- 
2372 

Ko. 

Ko. 

No. 
2 
2 
2 

2' 
2' 
2* 
2' 
2 

Cwt. 

112 

112 

70 » 

'95 

IV 

95 

Cwt. 

35 

35 

35 
*  35  ' 

35 

24  * 

85. 
;  20  ^ 

Cwt. 

7and5 

7  and  5 

7and5 

7and5 

7aiid5 

13  and  7 

.  7  and  5 

.  7and4 

Screw  Oortfitte,  Ironclad,    ' 

IkTorite^    •       •. 

2094    1     4     1     1     1     2  • 

70 

1-20    1    9aiid6 

Screw  SloopSf  Ironeiad.     • 

]besearch   . 
Bntefpnso         .        • 

1258 
993 

8 
8 

1 
1 

1 
1  . 

88 
80 

12 
.    9 

7 

(For  Screw  tVigatest  not  Irondade^  see  Table  on[p.  169.) 
■Bodger*!! 
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By  Section  37  of  the  Bulee,  dated  Febmary  24, 1870,  for  the  Building  and  Clattlflcation  of  Jron 
ShiMt  it  Ifi  provided  that  ■  Their  eqnipment  is  to  be  regulated  by  the  Humher  produced  by  the  sum 
of  the  addition  of  the  half  moulded  breadth  of  the  ressel  amidships,  her  depth  from  the  upper  part 
of  keel  to  the  top  of  the  upper  deck  beam,.and  the  girth  of  her  half  midship  section  to  the  same 
height,  multiplied  by  the  veMel's  length,  for  one,  two,  and  three-deoked  ressels,  and  fbr  spar-deck^ 


For  a  Tessel  with  on  awnlng-deck,  the  equipment  num])er  to  be  increased  one>sIxth  bqrond 
that  whifcdi  it  would  be  if  she  were  flush  decked  and  without  on  awning-deck. 

9or  a  Teaal  with  apartial  awning-deck,  poop,  topsnUont  rforecastle.  or  a  raised  quarter-deck,  tiia 
equipment  number  to  be  increased  one-tenth  beyond  that  whlchit  would  be  if  she  were  flush  deidEtfd. 
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By  Section  37  of  the  Rnlct,  dated  Febrnaiy  24, 1870,  for  the  Bnildlitfr  and  Cflanlflcatlnn  of  Iron 
Sk^t  it  it  prorided  that  *  Their  oqnipment  is  to  he  regrnlated  bj  the  Number  prodnocd  by  the  ram  of 
the  addition  of  the  half  monlded  breadth  of  the  ressel  amidships,  her  depth  from  the  npper  part  of 
keel  to  the  top  of  the  npper  deck  beam,  and  the  girth  of  her  half  midship  section  to  the  same 
height,  multiplied  by  the  Teasel's  length,  for  one,  two,  and  three-decked  Teasels,  and  for  spar-decked 
■team  TesMU.' 

For  a  Teasel  with  an  awning-deck,  the  equipment  number  to  be  increased  one-sixth  beyond  that 
which  it  would  be  if  she  were  flush  decked  and  without  an  nwning-dock. 

Ft>r  a  Tessd  with  a  partial  awnin^'-deck,  poop,  topmllant  forecastle,  or  a  raised  quarter-deck,  the 
equipment  number  to  be  increoMd  octe'tenth  beyond  that  which  it  would  be  if  she  were  flndi -decked. 
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Sereilf  Frigatts,  not  Irondad. 

KAine 

Tonnage 

Kamber 

Weight 

Bower 

Stream 

Kedge 

Dower 

Stream 

Kedge 

No. 

No. 

No. 

No. 

Cwt, 

Cwt. 

Cwt. 

ULeiBej . 

3733 

8 

78 

20 

9  and  5 

Emerald 

2913 

8 

57' 

24 

9  and  5 

lifley    . 

2654 

2 

70 

18 

9and5 

Doris    . 

2483 

2 

70  and  67 

19 

9  and  5 

ImpMense 

2358 

2 

70 

18 

9  and  5 

Cvaeutp^ 

1571 

3 

54 

18 

8  and  4 

Screw  8foop$,  not  Ironchd, 

Niger    .        .        . 

1072 

2 

48 

12* 

7and3 

Greyhound 

880 

2 

38 

8 

5and3 

Intvepid 

862 

2 

23 

9 

5and3 

Fawn    . 

751 

2 

30 

9 

5  and  3 

Cormorant 

695 

2 

20 

6 

6each 

Petrel   . 

669 

2 

25 

6 

86ach 

Cordelia 

579 

1 

2 

18 

7 

3andl 

Syria    «       . 

488 

2 

20 

6 

4andl 

Serew  OmM'  FesteUt  noi  Irondad, 

r 

Two  of  15 

" 

Wrangler      . 

477 

3 

1 

'{ 

and  one  of 
14 

8 

3 

Eapoir  . 

428 

3 

1 

1 

14i 

6 

3 

{AnekaU,  Fr.;  Acciughej  It.;  Atueiove,  Qer.)  The  Gnpea 
§nerariooUu  of  linnniia  {EngrmUia  encrasieoluiX  a  small  fish,  common  in  the  Hedi* 
tenanean  Sea.  AnchoTiea  are  {nreserred  as  a  delioaoy,  and  nsed  in  the  mannfactnre  of 
andiory  aance.  The  Gorgona  anchoTy  is  considered  the  best  They  are  abundant 
off  the  eoasta  of  Cornwall  snd  Wales,  bat  the  fishery  is  entirely  neglected*  Sea 
Sabdpiks*  

JJitlJiUfllO  AOIB  «r  AMOausnr*  The  colouring  prindplo  of  the  Alkanet 
TOot  (Anekusa  Hnetoria),    See  Auulkbt. 

ASlMMKinas  UTAX.  a  wax  produced  by  a  spodes  of  bee  found  on  the  banks 
of  the  Amaion  and  Orinoco  rirers.  It  is  used  as  a  substitute  for  ordinary  bees'-wax  in 
the  manu&cture  of  candles. 

AiraiBOWSt  «r  MJUrB«IB0W8t  also  called  EiredogB.  Before  the  introduc- 
taomof  raised  and  close  flreplaees,  these  articles  were  in  general  use.  Strutt,in  1776» 
says,  'These  a¥mdirtm$  are  used  at  this  day,  and  are  ct3led  **oob4nm9;  "  they  stuid 
on  the  hearth,  where  they  bum  wood,  to  lay  it  upon ;  their  fronts  are  usually  carred, 
with  a  round  knob  at  the  top ;  some  of  them  are  kept  polished  and  bright:  anciently 
many  of  th«n  were  emballisned  with  a  variety  of  ornaments.' 

AVmOMBTJUk  (tuf^ttos  wind;  /irrpim  to  measure).  An  instrument  or 
madiine  to  measure  the  wind,  its  direetiati  and  force.    Three 

~      Wli< 


meters  are  now  usually  employed — 1,  Br. 


*orce.  Three  descriptions  of  anemo* 
hewell's;  2,  Mr.  Follett  Osier's;  3» 
Dr.  Bobinson's.  This  is  not  the  place  to  describe  either  of  those  most  ingenious 
instruments,  a  fbll  account  of  which  will  be  found  in  the  *  Transactions  of  thoBritash 
Association '  and  of  the  *  Boyal  Irish  Academy.'  It  is  also  an  instrument  designed  for 
measuring  the  force  and  Telocity  of  currents  of  air  in  mines ;  and  our  description  of 
those  instruments  will  be  confined  to  such  as  are  so  employed. 

It  has  not  been  unusual  to  determine  the  rate  at  which  Uie  air  trayels  in  the  gallery 
or  in  the  shaft  of  a  mine,  hy  the  smoke  of  gunpowder,  or  by  floating  light  bodies,  such  as 
thistle-down,  in  the  air.  There  is,  howerer,  but  little  accuracy  in  those  methods.  The 
primitiTe  mode  of  ascertaining  the  Telocity  of  currents  of  air  in  mines  was  that  of 
choosing  a  part  of  the  gallery  forming  the  air-way,  having  as  uniform  sectional 

*  Bodgex'f  SDchonk 
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dimeoBioDs  as  could  be  fband,  and  after  meaenring  off  a  distance  of  100  to  150  yards 
in  length,  taking  a  lighted  candle  and  walking  in  the  direction  of  the  corrent, 
holding  the  flame  in  aiich  a  position  as  to  be  folly  exposed  to  the  influence  of  the 
corrent,  but  taking  care  to  inuk  at  the  partacnlar  rate  required,  to  canae  the  flame  to 
bum  in  an  upright  position,  without  being  deflected  from  the  yertical,  either  by  the 
current  or  by  the  progress  of  the  person  carrying  it.  The  time  required  to  traverse 
the  distance  measurea  <^  being  noted  by  a  seconds-watch,  enabled  the  average  rate 
of  walking  to  be  determined ;  and  the  ayerage  rate  so  found,  from  three  or  four  trials, 
was  assumed  to  be  the  re^oci^  of  the  air-current ;  and  this,  multiplied  by  the  average 
sectional  area  of  the  part  of  the  air-way  selected  ftir  the  experiment,  was  taken  to 
represent  the  quantity  of  air  passing  in  the  unit  of  time.  Formerly,  when  this  mode 
of  measuring  tiie  air  m  mines  was  in  use,  it  would  afford  a  dose  approximation  to  the 
truth ;  but,  with  the  ventilation  now  existing  in  many  of  our  la^  mines,  it  would 
not  be  practicable  to  walk  as  quickly  as  the  currents  travel  in  the  principal  splits ;  and 
running  is  not  a  sufldently  steady  pace.  One  of  the  objections  to  this,  as  well  as  to 
aU  other  methods  that  require  a  considerable  distance  to  be  traversed,  over  which  to 
observe  the  velodty,  is  the  difficulty  of  obtaining  a  gallery  of  equal  area  throu^out 
over  a  suffident  distance ;  but  in  cases  where  this  is  attainable,  uiis  method  admits  of 
great  aocora^  for  velocities  up  to  400  feet  per  nnnute. 

One  of  the  prindpal  of  the  seeond  modes  employed  feat  the  measurement  of  air, 
consists  in  obMrring  the  velodly^  of  the  smoke  flram  an  exploded  charge  of  gunpowder 
in  a  part  of  the  gallery,  of  nearly  uniform  sectional  area ;  and  this,  until  recenuy,  was* 
the  means  most  generally  adopted  in  the  coal  mines  of  Uiis  country,  for  ascertaining 
the  vdodty  of  air-cuxrents ;  and  althon^^  it  has  of  late  been  largely  superseded  by 
the  use  of  the  anemometer,  the  practice  is  still  in  considerable  use,  and,  so  f&r  as 
regards '  shalt-velodties*  remains^  the  only  method.  It  is,  therefore,  desirable  to 
ascertain  how  flu*  the  result  obtained  by  this^  and  similar  miethods  of  measuring  air- 
currents,  can  be  relied  upon  fbr  aceoracy ;  and  to  investigate  the  various  sources  of 
error  connected  with  them,  with  a  view  of  dther  avmding  or  making  proper  allowances 
£or  their  eflEeots,  so  far  as  may  be  practicable. 

The  sudden  enilosion  of  gunpowder  in  the  oonflned  passages  of  mines  produoBB 
several  eflfects,  which  tend  to  cause  inacci|rades  in  the  results  obtained  by  noting  the 
passage  of  the  smoke,  as  an  index  of  the  velodty  of  the  current. 

Expconments  prove  (as,  indeed,  mi^t  have  bMn  antidpated,  considering  the  small 
quantities  of  gunpowder  used),  that  in  general  ndther  the  increase  of  bulk  due  to  the 
introduction  into  the  current  of  thevrocfue^  of  combugiion,  nor  that  due  to  the  elevation 
ef  tenaeraturef  have  any  appredable  effect  on  its  velodtj.  But  other*  experiments 
'riiow  tnat  theforoe  of  the  espLodon,  when  a  oonnderaUie  quantity  of  gunpowder  is 
used  in  a  fseble  current,  gives  an  imp«ilse  to  the  corrent,  and  creates  a  velodty  in 
«XGess  of  the  normal  one.  A  revolving  anemometer  was  placed  in  an  air-passage 
traversed  by  a  feeble  current,  so  regulated  as  to  be  just  strong  enough  to  produce 
Udrty  revolutions  of  the  instrument  per  minute.  Tme'explosion  of  a  cuIho  indi  of 
gunpowder,  at  a  distance  of  seventy  feet,  did  not  in  any  way  afiect  the  instrument; 
but  when  the  charge  of  gunpowder  was  increased  to  twenty  cubic  indies,  the  explo- 
sion caused  a  sudden  and  violent  increase  of  its  rate  of  revolving,  acting  as  ar  tem* 
porary  impulse,  the  revolutions  very  quickly  decreasing  to  the  original  number  again* 
The  amount  of  errov  arising  mn  this  source,  and  whidi  tends  to  ineream  the 
apparent  vdodty,  depends  on  the  quantity  of  gunpowder  used,  the  sectional  area  of 
the  air-way,  and  the  velodtj  of  the  current,  increasing  with  the  quantity  of  gunpowder 


hese  errors  may  be  overcome  by  using  anemometers,  or  apparatus  of  various 
forms ;  and  these  may  be  cBvided  into  three  dasses  "'—{flX  Anemometers  having  vanes 
or  wands,  made  to  rewAm  by  the  current  of  air  impinging  upon  them,  the  nte  at 
whidi  they  revolve  bdng  indicated  by  pointers  on*  dials  farming  a  part  cif  the  instru* 
ment— ^the  pdnters  being  made  to  revolve  by  means  of  wheels  connecting  them  with 
the  axis  ci  the  vanes  or  wands.  The  anemometers  of  Ckmibes,  Biranii  Whewell,  Osier, 
and  Bobinson,  are  instances  €f  this  dass  of  instroments  now  in  use  in  this  country,  all 
of  which  require  a  cooection  for  friction,  {h)  Instruments  which  are  affected  by  the 
foroe  or  impulse  of  the  wind,  without  bdng  subjected  to  any  continuous  revolving 
motion,  such  as  Dr.  lind's,  Henaut's,  Bongui's,  and  Dickinson's  anemometers,  (e) 
Anemometers  of  a  more  complex  character,  such  as  Leslie's. 

One  of  the  most  oommon  forms  of  anemometer  is  that  devised  by  Mr.  Combes. 
This  consists  of  a  delicatdy  mounted  axle  turning  with  the  utmost  freedom,  upon 
which  are  mounted  four  rectangular  plane  wings,  equally  indined  as  to  a  plane 
perpendicular  to  the  axis.  In  the  midole  of  the  ule  is  an  endless  screw  which  cbives 
a  wned  with  a  hundred  teeth  :  this  is  adjusted  so  that  it  advances  one  tooth  for  each 
revolution  of  the  axle.    Hie  flrst  wlieel  onries  acaln,  whidi  acts  upon  the  teeth  of  a 
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tfeeoad  wheel  whieh  has  fifty  teeth.    At  each  revbliitiori  of  the  first  wheel  wi&  the 

hundred  teeth,  the  cam  starts  the  second  wheel  with  fift^  teeth  by  one  tooth.    The 

method  of  naing  this  instra- 

uent  will  be  understood  ' 

firam  this  concise  descrlp* 

tion.    The  wings  and  firat 

udieel  are  ac|]Urted  at  sero, 

and  kept  immovable  xmtil 

the  moment  of  eommencing 

the  observation.    Then  for 

eve^  complete  zeyolution 

of  the  wings  the  first  wheel 

is  advanced  one  tooth,  and 

udien  this  wheel  has  com- 
pleted •  its  revolutiont   or 

advanced  a  hundred  teeth, 

mie  tooth  is  moved  forward 

on  the  wheel  of  fifty  teeth* 

An  index-pointer  fixed  upon 

lig^t  uprights  indicates  the 

number  St  revolutions  of 

the  axle  of  the  wings.  The 

manner  of  using  this  in- 
strument is  easily  under- 
stood.     The    limbs    are 

placed  at  cero»  and  the  in- 
strument in  the  axis  of  the 

air-tubeS,  keeping  the  limbs 

immovable  l^  means  of  a 

oatch,  which  is  loosened  at 

the  moment  of  commencing 

the  observations,  and  fiui- 

tened  at  the  end  of  the 

same.   The  division  of  the 

limbs  does  not  admit  of 

counting  over  6,000  turns, 

which  for  a  velodty  of  air 

at  9*84  feet  per  second, 

would  correspond  with  a 

duration     of     nearly     8 

minutes. 
The  anemometer  cf  Br. 

Bobxnson  is  constructed  on 

the  assumption   that   the 

force  of  impact  of  the  air  ' 

against  hollow  hemisphe- 
rical cups  is  twice  as  great  on  the  concave  as  on  the  convex  side  of  the  cups,  and  that 
the  vanes  revolve  at  the  rate  of  one-third  the 'velocity  of  the  current,  except  in  so  fiu* 

as  the  velocity  of  revolution  is  modified  by  fiiotion. 

The  mechanism  of  thia  instrument  is  very  strong,  and  allows,  of  the  revolutions 
being  recorded  throughout  the  whole  day ;  it  would,  therefore,  be  a  very  suitable 
anemometer  to  have  near  a  furnace,  or  in  uie  principal  intake  or  return  of  a  mine* 

Pressure  Anemonuter. — ^Perhaps  the  best  known  of  the  pressure  anemometers  are 
H.  Bonn's,  Dr.  lind's,  that  of  Henaut,  described  by  Ponson,  and  Dickinson's,  one  of 
her  Majesty's  Inspectors  of  Mines.  The  anemometer  of  Bongui  conrists  of  an  appa- 
ratus like  a  spring  balance,  furnished  with  a  fioat-board,  or  plain  surfiice  of  given 
area,  and  the  pressure  or  impulse  i?  indicated  Iry.  marks  on  the  sliding-rod  of  the 
spring ;  it  is  figured  and  described  in  the  *  Edinbtugh  Encydopcedia.^ '   ^ 

The  anemometer  most  generally  used  in  the  coal  mines  of  England  is  that  intro- 
duced by  the  late  Mr.  Biram.  It  consista  of  a  series  of  vanes,  which  revolve  with  the 
action  en  t^e  air-current— the  number  of  revolutions,  or,  rather,  numbers  ^proportional 
to  the  revolutions,  being  registered  by  pdnters  on  the  face  of  a  dial  forming  a  part  of 
4he  instztiment  itself.  It  is  made  of  three  sizes,  4;  6,  and  12  inches ;  is  very  portable ; 
and  is  not,  with  proper  care,  liable  to  get  out  of  order,  esjpedally  the  smaller  size.  A 
certain  force  of  current  is  required  to  overcome  the  friction,  and  put  the  instrument 
Into  motion.  Some  of  these  instruments  will  continue  to  revolve  m  a  current  as  \&tr 
as  80  feet  per  Hiinute,  but  with  the  most  of  Uiem  a  velocity  of  about  50  feet  is  required 
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Snaey  one  who  has  occasion  to  use  this  anemometer  should  bo  airasrd  that  it  doSs  nob 
rsgister  the  actual  yelodty  of  the  air,  ospedallj  in  feeble  air-eorrents ;  nor  yet  the 

number  of  reyolutions  of  the  irands,  but 
66  ouIt  a  number  proportional  to  the  latter ; 

and  althou^  it  is  of  great  yalue,  as  indi- 
cating an  increase  or  decrease  in  the  reloci^ 
from  time  to  time,  such  as  the  periodical 
Tariations  in  any  particular  current,  it  is  of 
compaiatiTely  little  value,  a*  feneraUy 
fisM,  for  ascertaining  real  yelocities,  sucht 
for  instance,  as  occur  in  changing  or  split- 
ting air-currents,  when  it  is  of  great  impor- 
tance to  know  the  actual  quantities.  To 
obtain,  with  this  instrument,  accurate 
results,  ayaihible  for  all  purposes,  it  is 
necessary,  as  with  Combes'  anemometerr 
)  to  apply  a  formula  to  its  recorded  rerolu- 
tions,  or,  rather,  to  the  number  indicated 
trjrthe  index,  in  order  to  ascertain  the  actual 
Telod^  of  any  current;  each  {xarticnlar 
instrument  req^uiring  snedal  experiments  to 
be  made  with  it,  in  oroer  to  determine  the 
falue  of  the  constants  reouired  to  be  em- 
ployed in  the  formula.  These  constants, 
howeyer,  remain  the  same  for  the  same 
instrument,  so  Ions  as  it  remains  in  the 
same  condition,  and  are  independent  of  the 
yelocities  of  the  currents  of  air  in  which  it 
is  employed. 
To  obtain  the  constants  of  this  formula,  as  applicable  to  any  particular  instniment, 
It  is  absolutely  necessary,  in  making  the  experiments,  to  know  correctly  the  true 
yelodty,  as  a  standard  dT  comparison.  As  before  explained,  none  of  the  ordinaiy 
modes  employed  for  ascertaining  the  real  yelocities  are  reliable;  the  inyestigatorSv 


therefore,  had  a  Whirling  Machine  constructed,  the  wand  of  which,  in  reyolying. 
described  a  circle  of  25  feet  in  circumference ;  the  number  of  its  reydutions  being 
indicated  by  a  ^inter  on  a  dial. 

^  In  the  first  instance,  this  Whirling  Machine  was  turned  by  the  hand,  but  as  this 
did  not  giye  a  sufficiently  uniform  yelodty,  a  small  drum,  and  a  rope  with  a  descending 
weight  attached  to  it,  was  employed,  to  giye  motion  to  the  machine ;  and  worked  thust 
St  gaye  extremely  accurate  results,  so  far,  at  least,  as  regards  the  uniformity  of  its  own 
wodty.  By  fixinff  the  anemometer  on  the  end  of  the  wand,  the  yelodty  with  which 
it  passes  through  the  air  can  be  ascertained  and  compared  with  tho  reyolutions  of  the 
anemometer,  as  indicated  on  its  diaL    Hg.  67  represents  this  ma<^ne« 


Digitized  by  VjOOQIC 


ANEMOMETER  178 

It  has  been  stated  by  some  irriters  that  there  is  a  difference  betveon  the  foroe  or 
impulse  of  air  moving  upon  a  body  at  rest,  and  the  resistance  which  a  body  moving 
through  a  still  atmosphere  meets  with  in  its  passage,  supposing  the  velocity  to  be  the 
same  in  each  case ;  and  besides  this,  the  effect  of  a  body  moving  in  a  circle,  in  a  still 
Atmosphere,  may  not  be  the  same  as  when  moving  in  a  Ebraight  line.  The  experiments 
of  Hutton  and  others  appear,  however,  to  indicate  that  the  force  of  impact  of  a  wind 
against  a  stationary  body  is  always  proportional  to  tlio  resistance  which  a  Sblid,  moved 
through  a  still  atmosphere,  meets  with  at  the  same  velocity. 

A  'nduable  series  of  experiments  were  made  with  this  instrument  by  the  late  Hr« 
Atkinson,  one  of  her  Mi^esty's  Coal  Inspectors,  and  Mr.  John  Daglish,  for  which  we 
must  refer  to  the  Dransactioms  of  tJU  North  of  England  InsiUuU  qf  Mifdnq  Enffineer§, 
The  Tables  that  are  given  in  connection  with  the  Memoir  there  published  are  of  the 
highest  possible  value. 

Water-gauffes  are  sometimos  used  in  determining  the  rate  at  which  air  passes 
through  the  shafts  or  galleries  of  a  mine.  Thev  are  wdinarilv  (J -shaped  tubes  with  a 
measured  quantity  of  water,  one  limb  of  the  tube  being  bent  down,  so  as  to  be  presented 
to  the  current  of  air.  > 

.  The  anemometer  of  Dr.  Lind  resembles  the  photometer  of  Pit6t ;  it  determines  the 
velocity  of  the  wind  by  its  action  on  a  small  quantity  of  water  in  a  (J-^^P^  ^^^* 
As  the  same  instrument  is  much  used  in  coal  mines  as  a  water-gauge  for  indicating 
the  di£brenoe  of  pressure  between  the  down-cast  and  up-cast  air-column,  it  will  not  be 
at  all  necossaiy  to  give  a  detailed  description  of  it,  From  numerous  experiments,  Dr, 
lind  considered  that  the  pressure  of  the  wind  in  direct  impulse  is  nearly  proportional 
to  the  square  of  its  velomti/, 

Mr.  John  Dagliah,  F.QJ3.  introduced  certain  improvements  in  the  construction  of 
the  water-gauge,  which  he  communicated  to  the  Ildanchester  meeting  of  the  North  of 
England  Institute  of  Mining  Engineers,  July  14th,  1865. 

This  communication  was  made  in  the  followiDg  words : — 

'  Every  one  who  has  been  much  occupied  in  68 

conducting  experiments  on  the  ventilation  of 
mines  will  have  probably  felt  the  inoonve* 
nienoes  attending  Uie  use  of  the  ordinary  form 
of  water-gauge. 

'  l^e  form  of  water-gau^  introduced  by  Mr. 
Baglish,  and  now  extensively  in  use  in  the 
North  of  England,  is  constructed  with  special 
regard  to  portability,  accuracy,  and  endorunce. 

'  As  the  maximum  pressure  seldom  exceeds 
three  inches  of  water-column,  it  is  not  neces- 
sary that  the  tzayel  of  the  index-scale  i^uld 
ex<ied  this;  the  scale  is  divided  simply  on 
either  side  into  inches  and  tenths,  the  pressure- 
markings  on  the  scale  of  the  ordinary  water- 
gauge  being  not  only  useless  but  confusing, 
and  prevent  the  accurate  determination  of  the 
difference  of  the  level  of  the  water  in  each 
tube.  The  upper  end  of  one  of  the  tubes  is 
bent  over,  and  open  to  the  external  Air  only 
by  a  contracted  aperture.  This  prevents  the 
passage  of  dust  into  the  tube,  which  is  a  friiit- 
ful  source  of  annoyance  in  the  ordinary  water- 
^uge  when  placed  permanently  in  exposed 
situations  in  dusty  mines.  The  scale  is  moved 
by  a  threaded  rod  working  through  a  female 
siTew  attached  to  the  scale:  this  insures  not 
only  the  accurate  adj  ustment  of  the  scale  in  the 
first  instance,  but  its  retention  tfi  sit4l,  when 

a(^'usted.  In  the  ordinary  form,  if  the  brass  spring-clips,  which  attach  the  scale  to 
the  tubes,  be  too  strong,  the  scale  cannot  be  accurately  adjusted,  especially  when  the 
water  column  vibrates  much ;  if,  on  the  other  hand,  they  are  too  weak,  the  scale  will 
not  remain  in  aitn,  but  falls  when  released,  and  this  latter  is  always  the  tendency  after 
much  use ;  and  unless  the  tubes  are  perfectly  parallel,  the  scale  will  be  too  stiff  in 
one  position,  and  fall  in  another.  The  upper  end  of  the  other  tube  is  bent  at  right 
angles  and  fitted  up  with  a  short  piece  of  flexible  tubing,  to  the  other  end  of  which  is 
attached  a  short  brass  tube  to  be  inserted  into  the  aperture  to  which  it  is  required  to 
attach  the  water-fiaugo ;  this  short  jiieco  of  interposed  flexible  tubing  between  the, 
rigid  brass  and  g&ss  prevents  the  liability  to  fracture  of  the  tubes,  in  fixing  th^ 
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appamtus,  which  is  of  sueh  frequent  ocearrence  irith  the  ordinaiy  form  of  water* 
gauge.  The  tube  is  contracted  at  the  bottom  bend  to  preyent  the  oscillations  of  the 
wateiNColnmn,  especiallj  when  used  near  the  ventilating  shafts ;  in  the  original  ane- 
mometer of  Br.  Lind,  which  was  similar  in  principle  to  the  water-gauge,  this  con- 
tnotion  was  used. 

^  '  The  tubes  are  fitted  to  the  suz&ce  of  a  flat  piece  of  wood,  which  entirelj  prevents 
liabili^  to  fracture,  and  the  apparatus  can  safely  be  carried  in  the  pocket ;  a  small 
bulb-tube  is  fixed  to  the  wood  to  allow  of  it  being  adjusted  perfectly  level  when  in  use, 
and  this  is  of  considerable  importance,  for  any  deviation  from  the  perpendicular  iji 
attended  with  an  alteration  in  ibid  level  of  the  liquid  in  each  tube.  When  in  use,  the 
writer  generally  mixes  a  drop  of  tincture  of  rosaniline  in  the  water:  with  this  the 
position  of  the  surface  of  the  water  in  each  tube  is  clearly  distinguished,  and  the  specific 
gravi^  of  the  4uid  not  appreciably  altered. 

'  Where  any  fijeat  accuracy  is  required,  a  vernier,  worked  by  another  threaded 
acrew,  oould  reaooly  be  attadied  to  the  present  scale.' 

A  new  application  of  the  water-gauge  fat  asoertniningthe  pressure  of  the  ventilating 
column  in  mines  was  made  by  Mr.  John  Baglish : — 

*  The  ordinary  mode  of  using  the  water-gauge  in  mines,  for  ascertaining  the  ventilating 
pressure,  is  to  place  it  between  the  intake  and  return  currents,  as  near  as  possible  to 
the  bottom  of  the  shaft  in  the  mine.  The  water-gauxe,  however,  placed  in  this 
position,  does  not  give  the  actual  difference  of  pressure  auB  to  the  ddfferenoes  of  the 
weight  of  the  downcast  and  upcast  columns  of  air  at  their  di^rent  temperatures,  but 
only  the  excess  of  this  amount  of  pressure  over  the  pressure  absorbed  by  the  friction  of 
the  currents  in  the  shafts. 

'This  loss  of  pressure  from  shaft-friction  in  deep  pits,  especially  where  large 
quantities  of -air  are  moving  at  high  velocities  in  the  shafts,  reaches  a  considerable 
amount,  and  very  sensibly  reduces  the  indications  of  the  water-gauge  as  ordinarily 
employed.  By  placing  in  the  downcast  shaft,  however,  a  range  of  pipes  dosed  at  the 
lower  end  bv  beinff  connected  to  one  leg  of  a  water-gauge,  the  other  leg  being  open  to 
the  upcast  shaft,  ue  loss  of  pressure  due  to  the  faction  of  the  air  passing  down  the 
dawnocut  thc^  is  avoided,  and  thus  not  only  is  the  advantage  gained  ^  a  greater 
difibrence  in  the  level  of  the  water  in  the  two  tubes  than  exists  under  ordinary  dr- 
cumstanoes,  and  thereby  enabling  the  existing  state  of  the  ventilating  pressure  to  .be 
more  easily  obsezred  and  recorded ;  but  inasmudi  as  the  velodly  in  the  downcast  shaft 
diminishes  with  a  diminished  temperature  of  the  upcast  shaft,  the  increased  difference 
of  level  referred  to  above  is  not  a  constant  quantity,  but  also  varies  with  the  heat  of 
the  upcast  shaft ;  hence,  a  water-gauge  so  fixed,  not  only  gives  a  greater  extent  of 
scale  under  the  ordinary  state  of  the  ventilation  of  the  mine,  but  also  a  greater  range 
of  scale  under  variation  of  temperature. 

*  Another  advantage  gained  oy  this  mode  of  using  a  water-gauge  is  its  freedom  from 
the  momentary  oscillations  which  are  so  objectionable  in  the  water-gauge  as  ordinarily 
used,  and  which  prevent  very  accurate  readings. 

<  But  the  chief  oenefit  to  be  derived  from  the  application  of  a  long  range  of  tubes  in 
the  downcast  shaft,  is  that  of  being  able  to  place  the  water-gauge  on  the  turf  ace  in  any 
position  that  xnav  be  most  desirable,  as  its  action  is  not  interfered  with  by  extending 
the  pipes  to  any^  length  or  in  any  direction,  inasmuch  as  the  column  of  air  in  the  pipe 
is  dormant  and  its  pressure  consequently  not  reduced  by  friction. 

*  At  Seaton  Colliery,  belonging  to  Earl  Vane,  the  depth  of  the  shaft  is  254  Mhomd 
to  the  ftimace  in  the  Hntton-seam ;  the  upcast  shaft  is  14  feet  in  diameter,  and  the 
qoantitj  of  air  going  down  the  downcast  shaft  is  200,000  cubic  feet  per  minute,  and 

69 


this  quantity  becomes  increased  to  300,000  cubic  feet  per  minute  in  the  upcast  shaft 
by  expansion  due  to  the  high  temperatuxe.    The  ordinaxy  ventilating  pressuxe  of  the 
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mine,  as  iadioated  by  a  irater-gaiige  fixed  in  the  mine  in  the  nsmd  way,  la  8  inches, 
and  becomes  as  lov  as  0*7  inches  when  the  fnznaoes  are  out  for  repairs  to  the  shaft. 

*  ^e  dattsd  line  on  the  preceding  diagram  {/iff,  69)  exhibits  the  range  of  the 
water-gange  readings,  placed  in  the  ordinary  position  in  the  mine  between  the  npcast 
and  downcast  shafts,  taken  one  each  day  for  a  fortnight.  The  black  line  exhibits  the 
readings  of  the  water-gange  placed  in  the  colliery  o&e,  by  means  of  a  pipe  from  the 
bottom  of  the  downcast  shaft,  on  the  principle  previously  explained. 

*The  office  is  200  yards  distant  fnmi  the  top  of  the  mt,  which  is  508  yards  deep; 
there  is,  therefore,  708  yards  of  pipe  (in  this  case  the  ordinary  half-inch  gas-pipe). 

*It  will  be  obsMnred  that  in  the  costomary  application  of  the  water-gauge,  the 
heifl^t  of  the  water-colomn  due  to  the  Tentilating  pressure  is  8  inches,  falling  to  0*7 
inches  when  the  fhmaees  are  out,  being  a  range  of  little  more  than  2  inches ;  whilst  in 
the  new  application,  the  ordinary  reading  is  5  inches,  &lling  to  a  minimum  of  1*6 
indies,  hayinff,  therefore,  a  range  of  8*5  inches,  or  nearly  double. 

'By  the  ac&tion  of  a  galvanic  battery  the  instrument  could  be  made,  if  this  be 
eonsidered  advisable,  to  ring  a  bell  when  the  pressure  became  reduced  below  a  fixed 
point.* 

AMMMiOXD  »4BOilMTJ>«  This  instrument  was  invented  by  M.  Vidi,  of 
Paris.  In  its  latest  form  it  consists  of  a  cylindrical  case,  about  4  or  6  inches  in 
diameter,  and  2^  indies  deep,  in  which  lies  a  thin  metal  box,  near  to,  and  parallel 
with,  the  curved  boundary  of  the  case,  its  two  ends  being  distant  about  half  an  inch 
from  each  other.    Ercmi  this  box  the  air  yo 

has  been  partially  exhausted,  and  the 
presstire  of  the  external  atmosphere  on 
it  causes  it  to  alter  its  form.    The  ac- 

ompanying  figure  (70)  shows  a  section  /vvv^vK! 

of  this  box.    It  is  made  of  thin  cor-  f^ff^ff^^W 

rugated  plates  of  metal,  so  that  its 
elastidty  is  great.  "B^  means  of  the 
tube  F,  the  air  is  partially  exhausted, 
when  the  box  takes  the  f6nn  shown  by  the  dotted  lines.  A  small  quantity  of  gas  is 
introduced  after  exhaustion,  the  object  of  which  is  to  compensate  for  the  varying 
elastidty  of  the  metal  at  different  temperatures.  The  pressure  of  the  air  on  the  box 
in  ordinary  instruments  is  between  40  and  50  lbs.,  and  it  will  easily  be  understood 
that  any  variation  in  this  pressure  will  occasion  the  distances  between  the  two  plates 
to  vary,  nod  consequently  the  stalk  will  have  a  free  motion  in  or  out.  This  is,  by  an 
ingenious  contrivanee,  changed  from  a  vertical  motion  to  a  motion  parallel  to  the  face 
of  the  dial,  and  this  is  converted  into  a  rotatory  one  bv  the  application  of  a  watch-chain 
to  a  small  cylinder  or  dram.  The  original  veiy  slight  motion  is  augmented  by  the  aid 
of  levers.  !lliis  is  so  eilbctually  done,  that  when  the  corrugated  surmoee  move  through 
only  the  260th  part  of  an  inch,  the  index-hand  on  the  fkce  turns  over  a  space  of  three 
inches.  The  extreme  portability  of  this  little  instrument,  and  its  comparative  freedom 
i^rom  risk  of  iinury,  render  it  exceedingly  useful  to  the  tzaveller.  Its  accuracy 
is  proved  by  the  experiments  of  Professor  Uo^d,  who  placed  one  under  the  re- 
ceiver of  an  air-pump,  and  found  that  its  indicatioiis  corresponded  with  those  of 
the  mercurial  gauge  to  less  than  0*01  of  an  inch ;  and  within  ordinary  variations 
of  atmospheric  pressure  the  coinddenoes  are  very  remaricable.— -X%<2,  ifichol,  Drew, 
See  Basomxtbb. 

AmmM  CnLA.vao&sm.  The  common  garden  DiU.  This  phint  is  cul- 
tivated in  Eng^d  and  imported  from  the  South  of  Europe.  It  is  used  medidnally — 
diiefly  on  account  of  its  hot  and  sweetish  taste,  and  for  flavouring  spirituous  cordials. 

AWIUXTOA.  (AngUigue,  Er.;  Jngelika,  Qm,)  The  ArohtMadica  offiomalit. 
The  dried  angelica  root  is  imported  from  Hamburg  in  casks.  Ihe  tender  stems, 
stalks,  and  the  midribs  of  the  leaves,  are  made,  with  sugar,  into  a  sweetmeat  (candied 
angelka).  The  angelica  root  and  seeds  are  used  by  recMers  and  compounders  in  the 
preparation  of  gin,  and  as  an  aromatic  flavouring  for  *  bitters.'  The  quantity  culti- 
vated in  some  moist  places  in  this  coimtry  is  suflteient  to  meet  our  requirements. 

AWCAB-IBOar*    A  piece  of  iron  rolled  out  in  the  shape  of  ^  to  form  joints. 

AWCNUi-XAVTSB  or  BZV-BAVTBB*  A  piece  of  timber  which  runs  from 
the  aogle  of  the  building  to  the  ridge  of  the  roof,  into  which  it  is  fr&med. 

AVOUi-STAn.  Strips  of  wood  placed  upon  the  vertical  angles  to  protect  the 
plastering.  , 

AVOSaSZTB.  A  sulphate  of  lead  found  native,  generally  produced  by  the 
deeompodtion  of  nlena  (mUphide  qf  lead).  It  was  first  found  at  P^y^s  mine  in 
Anglesea,  whence  ue  name. 

AVCKMLA  W^>01to  {Poil  de  chevron  tCAngora,  Fr.)  Called  also  atiffdla  and 
amgoma.    The  wool  of  the  Angora  goat  {Copra  Jngoreneit),  employed  in  the  manu- 
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factnre  of  shairlt,  eamlets,  and  fine  cloth,  &e^  is  obtained  from  the  long-haired  poat 
of  Angora,  to  irhidi  province  thia  animal  is  peculiar.  Lieutenant  ConoUv  has  given 
an  account  of  this  goat  and  some  other  varieties,  Copra  lanigera,  the  Cashmere  goat, 
and  Changra  or  the  shawl-goat  of  Thibet . — 

*  The  country  whore  it  is  found  was  thus  described  to  us — "  Take  Angora  as  a 
centre,  then  Kiadl  Ermak  (or  Halj's)  Chomgere,  and  from  eight  to  ten  hours'  march 
(saj  thirty  miles)  beyond ;  Beybazar,  and  the  same  distance  beyond,  to  near  Nalaban : 
Sevree,  Hissar,  Yoorrook,  Tosiah,  Coetambool,  Geredeh,  and  Cherkesh,  from  the 
whole  of  which  tract  the  common  Inristlj  goat  is  excluded,  and  the.  white-haired  goat 
alone  is  found."  The  fleece  of  the  white  Angora  goat  is  called  Uftik  (the  Turkish  for 
goat's  hair^  in  distinction  to  ^uw,  or  yapak,  sheets  wooL  After  the  goats  have  com* 
pleted  their  first  year,  they  are  clipped  annually,  in  April  or  May,  and  yield  pro- 

.  gressively,  until  they  attain  full  growth,  from  150  drachms  to  I4  oA^  of  tiflik  (from 
1  lb.  to  4  lbs.  English).  The  mdr  of  the  tiftik  goat  is  exported  from  its  native 
districts  raw,  in  yam,  and  woven  in  the  delicate  stuA  for  which  Angora  has  been  long 
celebrated.  The  last  are  chiefly  consumed  in  Turicey,  while  the  yam  and  raw  material 
are  sent  to  I^nce  and  En^hind.  It  appears  that  the  first  parcels  of  Angora  wool 
were  shipped  from  Constantinople  for  Eiigland  in  1820,  and  it  was  so  little  appreciated 
that  it  fetched  only  lOd,  the  pound. 

*  Within  the  last  two  or  tbiree  years,  a  new  texture  made  of  goats'  wool  has,  how- 
over,  been  introduced  both  into  France  and  this  countiy,  whiw  calls  for  particnlav 
attention.  This  texture  consists  of  stripes  and  diecks  expressly  manufactured  for 
ladies'  dresses,  and  having  a  soft  feel  and  siU^  appearance.  The  wool  of  which  this 
artlde  is  made  is  diieflv  tne  wool  of  the  Angora  goat.  This  wool  reaches  us  throu^ 
the  Mediterranean,  and  is  chiefly  shipped  at  Smyrna  and  Constantinople.  In  colour 
it  is  the  whitest  known  in  the  trade,  and  now  more  generally  used  in  the  manufacture 
of  fine  ^poods  than  any  other.  There  -are,  however,  other  parts  of  Asiatic  Turkey  from 
whidi  limited  supplies  are  received ;  but  in  quality  not  so  good  as  that  prodnced  in 
Angora,  After  tne  manufacture  of  shairis  with  goats'  wool  declined  in  franco,  this 
raw  material  remained  neslected  for  a  long  wMle.  About  two  or  three  years  ago^ 
however,  the  f^nch  made  another  attempt^  and  brought  out  a  texture  for 
ladies'  dresses,  in  diecks  and  stripes,  which  they  call  *paU  de  Mnrs,*  The  warp  is  a 
fine  spun  silk,  coloured,  and  the  weft  Angora  or  Syrian  white  wool,  which  was  thus 
thrown  on  the  surface.  This  article  has  a  soft  feci,  and  looks  pretty,  but  in  wearing 
is  apt  to  out  The  price  of  a  dress  of  French  manufacture  has  been  from  21,  10s.  to 
8/. ;  but  by  adopting  a  cotton  warp,  the  same  article  is  now  made  in  England  and  sold 
for  16s. ;  and  it  is  found  that  the  cotton  warp,  as  a  mixture,  suits  the  goats'  hair 
XmU'—Souik^  on  CktUmki  8ketp  and  WooU,  London,  1852. 

The  principal  manufactures  of  *pcU  de  cMvre*  in  France  are  at  Paris,  Cronyen, 
Thelle  (Oise),  Ecrus  (Oise),  Montataire  (Oise),  and  Ledau.  In  England,  the  wool  is 
chiefly  spun  at  Bradford,  and  partly  manufusturod  there ;  at  Norwich,  and  also  in 
Scotland ;  part  of  the  yam  is  exported.  Mr.  Southey  informs  us,  that  the  quantity  of 
goats'  wool  imported  into  the  United  Kingdom  in  1848  was  896,865  lbs. ;  in  1849  the 
quantify  rose  to  2,536,039  lbs. 

The  quantify  of  goats'  wool  or  hair,  in  which  the  alpaca  wool  is  included,  was : — 


Ooantriet 

1871 

1872* 

From  France     .... 
„     Austrian  Territories 
„     Turkev    .... 
„     British     Possessons    in 

South  Africa 
„     Other  Countries 

Total     . 

lbs. 
258,688 
72,357 
7,882,859 

285,860 
371,150 

11.977 

6,813 

1,005,922 

13,822 
17.214 

lbs. 

£ 

8,815,864 

1,055,248 

6,405,482 

757.089 

In  Ftonce  this  article  is  now  applied  to  the  manufacture  of  a  new  kind  of  laco. 
which  in  a  great  measure  supersedes  the  costly  fabrics  of  Valenciennes  and  Chantilly. 
The  Ajigora-wool  lace  is  more  brilliant  than  that  made  from  silk,  and  costing  only* 
half  the  price,  it  has  come  into  very  general  wear  among  the  middle  classes.  Tlie 
same  material  is  also  manufactured  int6  shawls,  which  sell  frotn  4/.  to  16/.  eadb. 
See  MoHAiB  and  Cashmbbb, 

»  Tbt  details  not  obtaiosUe  for  18n» 
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«    A  name  now  given  bj  chemists  to  the  so-called  oxygen  acids, 
or  those  which  are  dearly  results  of  a  combination  of  an  element  with  orygen. 

ThoB,  the  gaseons  compound  of  sulphiir  and  oxygen,  commonly  called  sulphurous 
aeid  (SO'),  is  fiow  termea  sulphurous  anhydride ;  indeed,  in  its  anhydrous  state,  the 
gas  does  not  exhibit  any  of  the  characteristic  reactions  of  an  acid,  and  hence  in 
modem  chemistry  the  term  sulphurous  acid  is  restricted  to  the  combination  of  the 
anhydride  with  water  (S0<.  HO,  or  B>80«). 

.  AnTBBZra.  A  mineral  consisting  of  anhydrous  sulphate  of  lime.  It  oocnis 
in  granular  masses ;  in  crystals  belonging  to  the  orthorhombic  ^stem ;  in  crystalline 
mfiiwfifl  presenting  deavage  in  three  rectangular  directions,  and  hence  termed  dice' 
epar ;  and  in  certain  curiously  contorted  forms  known  as  tripe-stone.  Anhydrite  is  . 
nequently  found  in  beds  of  rock-salt,  where  it  is  often  assodated  with  gypsum,  or 
hymtms  sulphate  of  lime;  indeed,  anhydrite  may  readily  pass  into  gypsum  by 
conibination  with  water,  and  in  certain  localities — as  at  Bex,  in  Switzerland — exten- 
siye  beds  of  anhydrite  have  been  thus  hydrated  The  compact  and  granular  yarieties 
of  anhydrite  are  (^n  worked  into  ornamental  forms,  and  the  coarser  kinds,  when 
occurring  in  suffident  quantitnr,  have  been  used  for  building  purposes.  The  mineral 
is  also  useM  to  the  agncoltnnst,  like  gypsum,  for  improving  certain  soils. 

AJKTLm  The  name  of  the  American  spedes  of  the  Indigo  plant  {Indigofera)»  It 
is  a  shrabby  plant,  growing  firom  2^  to  3  feet  high.  From  it  the  name  Aniline  is 
derived.    See  AmxAum  and  Indioo. 

See  AlOLIMB-yiOLBT. 

(0»H»N,  or  Unitary  System,  C«  H»,  HK»,*  Phenylamine.)  This 
organic  base  having  of  late  years  met  with  an  important  application  in  the  arts,  in 
the  production  of  b^utiful  dye-colours,  a  description  of  the  methods  of  preparing  it, 
and  of  some  of  its  characters,  becomes  necessary ;  though  for  details  of  its  more 
interesting  relations  in  sdentiflc  diemistry,  we  must  refer  to  Watts's  *  Dictionary  of 
Chemistzy.' 

Pr^panOion. — ^There  are  few  bodies  which  admit  of  bein^  pre|)ared  in  a  preater 
varie^  of  ways — all  of  them  interesting  in  tradng  the  chemical  history  of  this  most 
curious  body ;  and  we  proceed  to  describe  Dr.  HoS^nn's  original  mode  of  procuring 
it  firom  the  basic  oil  of  ooal-tar,  although  this  method  is  no  longer  resorted  to  for  the 
manufeustare  of  aniline.,  .        •        • 

The  oil  is  agitated  with  hydrochloric  add,  which  seizes  upon  the  bade  oils ;  after 
decanting  the  dear  liquor,  which  contains  the  hydrochlorates  of  these  oils,  it  is 
evaporatod  over  an  open  fire  until  it  begins  to  disengage  acrid  fames,  which  indicate  a 
commencement  of  decomposition,  and  is  then  filtered,  to  separate  any  adhering  neutral 
compounds.  The  dear  bquor  is  then  decomposed  with  potadi  or  nulk  of  lime,  which 
liberates  the  bases  themselves  in  the  form  of  a  brown  oil,  condsting  chiefly  of  a 
mixture  of  aniline  (0*  H*  Nl  and  leuool  or  ^uinoleine  {C*  13*  N).  This  mixture  is 
submitted  to  distillation,  ana  the  aniline  is  chiefly  found  in  that  portion  which  passes 
over  at  or  about  360^  F.  (182^  C.) :  repeated  rectification  and  collection  of  the  product 
distilling  at  this  temperature  purifies  the  aniline ;  but  to  complete  the  purification,  it  is 
well  to  treat  the  partially  purified  aniline  once  more  wiUi  hydrochloric  add,  to 
separate  the  bases  ap;ain  by  an  alkali,  and  then  to  rectify  careflilly. 

The  violet  reaction  of  aniline  with  solution  of  bleaching-powder  enables  the 
operator  to  test  the  distillate  firom  time  to  time,  to  ascertain  when  aniline  ceases  to 
pass  over,  since  lencol  does  not  possess  this  property. — Hofmann. 

Aniline  may  also  be  obtained  firom  indigo. 

When  indigo-blue  is  dissolved  by  the  aid  of  heat  in  a  strong  solution  of  potashi 
and  the  mass,  after  evaporation  to  diyness,  submitted  to  destructive  distillationi 
it  intumesces  condderably,  and  aniline  is  liberated,  which  condenses  in  the  re- 
ceiver in  the  form  of  a  brown  oil,  together  with  a  little  water  and  ammonia  disengaged 
with  it.  The  aniline  is  purified  by  rectification,  as  in  the  method  before  descril^. 
By  this  process,  the  quantity  of  aniline  obtained  is  about  18  to  20  per  cent,  of  the 
indigo  UMd. — Fritzeche.    (See  IifDioo.) 

By  treatment  with  potash,  the  indigo-blue  (C*  H'  NO)  is  converted  into  chrysa- 
nilic  add  and  anthranilio  add  TC^  H'  NO^),  and  it  is  this  latter  body  which,  by 
destructive  distillation,  yidds  carbonic  add  and  aniline* 

C'H»N0'-C«H'N+0O*. 

Kitrobenzot  may  be  converted  into  aniline,  dther  by  the  action  of  sulphuretted 
hydrogen,  or,  mofe  conveniently,  as  has  been  shown  by  M.  B^hamp,  by  the  action 
of  a  bade  acetate  of  iron. 

*  Tfae  f onooliB  employed  thronghont  this  article,  and  in  the  following  articles  on  aniline  coloazB, 
are  constructed  with  tlie  modem  atomic  weights,  althoogh  not  pxintedm  blaok  type. 
V0L.L  N 
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For  this  purpose,  the  fbllowing  proportions  have  been  fonnd  conyenient  hj  the 
■writer ;  mix  in  a  retort  ^  lb.  of  iron  filings,  "with  abont  2  ounces  of  acetic  add,  then 
add  about  an  equal  yolume  of  nitrobenzol.  After  a  few  minutes  a  brisk  eflfenrescence 
sets  in,  and  the  aniline  distils  oyer  together  with  water.  The  reaction  may  require 
to  be  aided  by  the  application  of  a  yery  gentle  heat ;  but  it  takes  place  with  the 
greatest  ease,  and  an  ordinary  condensing  arrangement  should  be  employed.  The 
aniline  having  so  nearly  the  density  of  water,  does  not  readily  separate  on  the 
surface,  but  the  addition  of  a  small  quantity  oi  salt,  which  dissolves  in  the  water, 
brings  it  to  the  surface.  It  may  then  be  decanted  oS,  dried  by  standing  for  a 
short  time  over  chloride  of  calcium,  and  then  purified  by  rectification,  as  before 
described. 

Properties. — Aniline  is  one  of  the  organic  basic  deriyatiyes  of  ammonia.  In  &ct, 
it  may  be  viewed  as  ammonia  in  which  one  equivalent  of  hydrogen  is  replaced  by 
the  oompooDd  radical  Phetijfl  (0*  H*),  thus :— 


-{ 


H 
H 


Homo 
Phenyl 

logons  Bodlcalfl.                                     Homologous  Bases. 
.    G«  H*    -    Aniline       .       ,       .    K 

Toluyl 

. 

.    0'  H»    -     Tduidine    . 

.       .    N 

Xylyl  .        . 

• 

.    0«  H«    -    Xylidinfl     . 

.       .    N 

Cnmyl 

• 

.    C»  H»   -    Cranidine    . 

.       .    N 

Cymyl 

1       • 

.    0"H"  -    Cymidino    . 

.       .    N 

Just  as  phenyl  is  one  of  a  series  of  homologous  radicals,  so  aniline  is  the  first  of 
a  series  of  homologous  bases,  in  which  the  one  equivalent  of  hydrogen  is  zeplaoed  by 
these  radicals  respectively,  thus : — 

Homoloiionfl  Boms. 

^o«  m 
lh» 

lh« 

When  pure,  it  is  a  colourless  liquid  of  a  hi^h  refiractiye  power,  density  1*028,  and 
of  an  aromatic  odour.  It  is  slightly  soluble  m  water,  and  mixes  in  aU  proportions 
with  alcohol  and  ether.  It  boils  at  360^  F.  (182®  C).  It  dissolves  sulphur  and 
phosphorus  when  cold  and  coagulates  albumen.  It  has  no  action  on  litmus-paper, 
but  turns  delicate  vegetable  colours,  such  as  dahlia-petal  infhsion,  blue. 

Its  basic  characters  are  well  developed ;  thus  it  precipitates  the  oxides  from  the 
salts  of  iron,  zinc,  and  alumina,  just  like  ammonia,  and  ^elds,  with  chloride  of 
platinum,  a  double  salt  similar  to  ammonia,  the  chloro-platinate  of  aniline  f  2C*  H* 
NCI,  PtOl*),  which  on  ignition  is  entirely  decomposed,  leaving  only  a  residue  of 
platinum.  These  characters,  together  with  the  beautiful  blue  colour  which  it  strikes 
with  solution  of  bleaching-powder,  or  the  alkaUne  hypochlorites  generally,  are  suffi- 
cient for  the  recognition  and  distinction  of  this  body.    (See  Pmom.,  &c.  &c) 

Sai/ts  of  AxiLonL — Aniline  combines  with  acids,  forming  a  long  series  of  salts 
which  are  in  every  respect  analogous  to  the  corresponding  stdts  of  ammonia.  They 
are  nearly  all  soluble  and  ciystallisable,  and  are  decomposed  by  the  mineral  alkalies 
with  liberation  of  aniline.  They  are  generally  colourless,  but  become  red  by  expo- 
sure to  the  air. 

Sulphate  of  Aniline.  (0*  H»  N ;  H»  S0*.>-^Thi8  salt  is  employed  in  the  manu- 
^cture  of  Mr.  Perkins'  aniline  colours.  It  is  prepared  by  treating  aniline  with 
dilute  sulphuric  add,  and  evaporating  gently  till  the  salt  separates.  It  crystallises 
from  boihng  alcohol  in  the  form  of  l^utiM  colourless  plates  of  a  silvery  lustre,  for 
the  salt  is  scarcely  at  all  soluble  in  cold  alcohoL  It  is  very  soluble  in  water,  but 
insoluble  in  ether. 

The  crystals  redden  by  exposure  to  the  air ;  they  can  be  heated  to  the  boiling  pmnt 
of  water  without  change,  but  when  ignited  they  are  diarred  with  disengagement  of 
aniline  and  sulphurous  add. 

Oxalate  of  Aniline.  (20*  H»  N;  C«  H«  0<.)— This  is  one  of  the  best  defined 
salts  of  aniline :  it  separates  as  a  crystalline  mass  on  treating  an  ^oohoUc  solution  of 
oxalic  add  with  aniline.  It  is  very  soluble  in  hot  water,  much  less  so  in  cold,  only 
slightly  soluble  in  alcohol,  and  insoluble  in  ether. 

A  large  number  of  other  salts  are  known:  the  hydrochlorate,  hydrobromate, 
hydriodate,  nitrate,  severalphoaphates,  dtrato,  tartrate,  &c  &c ;  but  they  are  of 
purely  sdentific  intereeU    The  same  remark  applies  to  the  various  products  of  the 
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decompofliliGii  of  ftoiline,  vbich  have  been  so  ably  inyeetigated  by  Fritesche,  Zinin, 
HoAnami,  Gerbazdt,  and  other  chemists. 

Smce  this  "was  'written,  the  aniline  dyes  have  received  such  an  important  derelop- 

ment,  that  it  is  neoessazy  to  give  a  more  detailed  description  of  these  beautiftil  colours. 

^  It  appears  desirable  that  a  Dictionary  of  the  Arts  should  comprehend  a  succinct 

histocy  of  the  disoorery  of  a  body  which  has  performed  so  important  a  part  in  the 

advancement  of  a  speaal  industry  as  Aniline  has  done. 

In  1826  UnTerdorben,  a  German  chemist,  when  exposing  indigo  to  destractiye 
distillation,  discovered  an  oily  substance  which  formed  crystalline  compounds  with 
acids,  to  which  he  gave  the  name  of  OryttaUine,  Bunge,  also  a  German,  subsequently 
obserred  in  coal-tar  oil  a  substance  capable  of  forming  saline  compounds,  and  oi 
striking  a  videt-blue  colour  with  dilonde  of  lime.  To  this  he  ^ve  the  name  of 
S^ftmUf  blue  oiL  At  a  later  period,  Fritrache,  when  investigatinff  the  action  of 
potash  <m  indigo,  obtained  a  quantity  of  a  basic  oil,  which  he  analysed,  and  to  which 
he  gave  the  name  of  AniUne.  Zinin,  about  the  same  time,  found  that  NUrobeneol, 
when  submitted  to  the  action  of  sulphuretted  hydrogen,  was  converted  into  a  peculiar 
and,  at  he  thought,  a  new  substance,  to  whim  he  gave  the  name  of  Beneiaam  (an 
ammonia  derived  from  Benzd).  Ho£mann  was  the  first  who  submitted  crystalline, 
kyanol,  aniline,  and  bensidam  to  careM  experimental  comparison,  and  proved  them 
to  be  identicall;^  the  same  substance,  which  now  took  its  place  in  chemistry  nnder 
the  name  of  anibne. 

In  1825  Michael  Faraday,  during  an  examination  of  the  (nly  products  separated 
in  the  com|ffessed  oU-gas  holders—then  largely  used— discovered  Benzol,  which  he 
then  described  as  a  bicarburetted  hydrogen.  On  this  important  discovery,  Dr. 
Ho&nann  remarks :  '  In  this  investigalion,  as  indeed  throughout  the  whole  series  of 
his  immortal  researches,  FaradaVs  object  was  the  elaboration  of  truth  for  its  own 
intrinsic  valne  and  beauty ;  and  m  the  same  spirit  has  the  work  been  continued  by 
those,  who»  after  Faraday,  engaged  in  the  further  scientific  examination  of  this  subject. 
Nobody  in  those  early  days  of  benzol,  when  the  substance  simply  existed  as  a 
laboratory  curiosity,  dreamed  of  the  brilliant  career  looming  in  the  distance  for  this 
body,  nor  of  the  marvellous  transformation  it  was  destined  to  undergo.  But  the 
experience  of  the  last  few  years  in  this  matter  has  only  corroborated  the  old  axiom, 
wmch  cannot  be  too  often  repeated,  that  the  search  after  the  true,  for  its  own  sake, 
leads  on  to  the  discovery  of  its  natural  corollaries,  the  useful  and  the  beautiful.  For 
those,  indeed,  lie  folded  up  in  truth,  to  be  in  due  time  evolved  therefrom,  even  as  the 
great  tree  unfolds  itself  from  out  the  little  seed.' 

Ifitscherlich,  some  years  later,  found  that  benzoic  acid,  distilled  with  caustic 
potash,  gave  a  colourless  volatile  liquid,  identical  with  the  hydrocarbon  discovered  by 
F&raday ;  and  hence  the  name  this  substance  now  retains — Benzol.  Dr.  Hofrnann, 
in  1846,  proved  the  presence  of  benzol  in  coal-tar  oil,  and  in  1848  Mansfield  showed 
that  an  inexhaustible  quantity  of  it  could  be  procured  from  that  source.  See 
Bemiol. 

Now,  the  crude  tar  of  the  gas-works  is  subjected  to  regulated  distillation.  Urns  is 
obtained  separately  na^A^An  otU^ht  oil  (oily  hquid  lighter  than  water),  and  then  dead 
oil  or  heavy  oil  (oily  liquid  heavier  than  water),  and  finally  remaining  in  the  retort 

S'tch.  From  the  light  oil,  benzol  is  separated  by  frirther  fractional  distillation, 
itscherlich  showed,  if  this  benzol  is  dissolved  in  mming  nitric  acid,  and  the  dear 
liquid  mixed  with  water,  a  compound  (nitrobenzol)  is  precipitated  as  a  dense  yellow 
liquid.  This  is  the  well-known  artifidal  oil  of  bitter  almonds,  which  is  now  prepared 
easily  and  economically  on  a  large  scale.  It  was  Zinin,  already  named,  who  dis* 
eovered  that  sulphuretted  hydrogen  converted  this  nitrobenzol  into  aniline,  and  who, 
believing  the  substance  thus  prooniced  to  be  a  new  one,  described  it  under  the  name  of 
benzidam,  or  an  ammonia  derived  from  benzol.  (See  Kitbobbmzol.) 
The  suocesave  changes  of  benzol  are  thus  expressed  in  chemical  symbols. 

Firet  change, 
Tzansfonnation  Of  benzol  into  nitrobenzol. 

o^«  +  HNo«  -  c*H»yo«  +  mo 

Benzol.       Nitric       NitrobenzoL    Water. 
Add. 

Second  change, 
Transfbrmation  of  nitrobenzol  into  aniline. 

C«H»NO«   +    8H«S  -  C«H'N    +    2H«0   +    8S 


Nitro-      Sulphuretted  Aniline.         Water.     Sulphur 
benzol.      Hydrogen. 

k2 
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Dr.  Hofmann  remarks  that  sulphiiretted  hydrogen  is  not  W  aoy  meantf  the  moat 
conyenient  reducing  agent  to  effect  this  conversion,  and  he  Jaas  shown  that  when 
nitrobenzol  is  placed  in  contact  with  metallic  rinc  and  hydrochloric  add,  it  is 
rapidly  converted  into  aniline.  B^champ  submitted  nitrobenzol  to  the  action  of 
metallic  iron  and  acetic  add,  and  thus  transformed  it  into  aniline.  This  process  is 
now  almost  universally  adopted.  Equal  weights  of  nitrobenasol,  acetic  add,  and 
cast-iron  turnings  are  very  gradually  mixed  in  cast-iron  vessels,  so  that  the^  heat  pro- 
duced by  the  reaction  does  not  raise  the  temperature  of  the  mixture  too  high.  The 
semi-solid  mass  which  is  produced  consists  cST  acetate  of  iron  and  acetate  of  aniline* 
This  is  distilled  sometimes  alone,  or  by  some  manufeusturers  with  the  addition  of  lime ; 
the  distillate  consisting  ^nerally  of  acetone,  aniline,  unaltered  nitrobenasol,  and 
several  other  products  arising  from  the  impurity  of  the  nitrobenzol.  The  crude 
aniUne  mixture  is  redistilled,  and  the  aniline  obtained  suffidently  pure  by  collecting 
the  products  distilling  between  175°  C.  and  190°  C.  Thus  produced,  aniline  is  a 
slightly  brownish  liquid,  a  little  heavier  than  water. 

AVX&nrB-8&AOX«  This  colour  can  scarcely  be  said  to  have  been  satas&Or 
torily  produced.  The  green  tints  (see  Amilinb-Gbbsn)  aro  turned  black,  according 
to  a  process  devised  by  Messrs.  Wood  and  Wright,  by  mixing  chlorate  of  potash 
with  a  metallic  salt  and  a  salt  of  aniline ;  for  the  metallic  salt  they  prefer  ferric 
salts.  Ai^line-bladk  may  also  be  produced  by  treating  the  colour  on  the  fabric  by  solu- 
tions of  bichromate  of  potash,  or  of  weak  bleaching-powder.  Nitrate  of  copper 
may  be  mixed  wiUi  hy<m>chlorate  of  aniline,  without  the  addition  of  chlorate  of 
potash,  and  the  mixture  printed  on  the  fabric,  when  gradually  a  black  tint  is 
produced. 

According  to  Brandt  aniline-blacks  are  very  variable  in  their  composition  and 
properties.  Some  of  them  resist  the  action  of  light  and  of  reagents  much  better  than 
others.  Some  turn  of  an  unpleasant  greenish  hue  if  exposed  to  air  charged  with  add 
or  sulphurous  vapours,  lite  more  intense  an  aniline-black  the  better  it  resists 
reagents.  It  is  true  that  this  intensity  depends  partly  on  the  degree  of  concentration 
of  Uie  colour,  but  other  circumstances  influence  its  solidity.  A  black  developed  in 
presence  of  an  excess  of  aniline  is  always  faster  than  one  of  the  same  degree  of 
concentration  which  is  developed  in  presence  of  an  excess  of  add.  In  the  latter  case, 
beside  weakening  the  tissue,  blacks  aro  obtained  which  torn  green,  and  cannot  stand 
the  application  dT  bleaching-powder.  In  this  case,  if  the  gas  used  for  lighting  the 
premises  contains  a  little  sulphur,  the  fumes  cause  the  folds  of  every  piece  in  the 
warehouse  to  turn  green* 

With  excess  of  l^  a  blade  is  produced  which  shows  less  disposition  to  turn  green, 
and  bears  chlorine  better.  Such  a  black  must  be  developed  rapidly  enough  to  avoid 
the  volatilisation  of  the  aniline.  For  this  end  chlorate  of  aniline  is  used  instead^  of 
chlorate  of  potash,  diminishing  the  amoimt  of  the  aniline  salt  by  a  corresponding 
amount.  Chlorate  of  potash,  in  presence  of  an  excess  of  aniline,  does  not  decompose 
very  rapidly. 

Aniline-blacks  result  ftom  two  distinct  reactions.  There  is,  firstly,  decomposition 
of  the  chlorate  of  aniline ;  and  secondly,  oxidation  of  the  other  salt  of  aniline  mixed 
with  the  dilorate.  The  decompodtion  of  the  former  gives  rise  to  chlorinised  products 
derived  firom  aniline.  There  are  probably  various  stages  of  substitution — a  feict  which 
explains  the  diversity  of  the  results.  Besides  these,  there  is  formed  another  product, 
the  result  of  the  oxi<iation  of  the  salt  of  aniline. 

Aniline-black  consists,  thereforo,  of  two  distinct  blacks :  the  one,  formed  of  the 
chlorine  substitution  of  aniline,  is  exceedingly  fast,  and  resists  almost  all  chemicals, 
but  it  is  not  so  fine  as  that  produced  by  a  judidous  mixture  of  the  two  blacks,  as  it 
does  not  acquire  its  lustra  and  effect  without  the  aid  of  the  second.  This  latter  is  an 
intense  violet-blue,  which  appears  black  when  concentrated.  It  is  less  solid  than  the 
farmer,  and  turns  greenish  with  the  smallest  amount  of  add.  It  resists  the  action  of 
soap  very  weU.  Ae  brown-blade  and  blue-black  mixed  together  form  a  fine  aniline- 
black.  The  object  of  the  maker  is  to  combine  the  maximum  of  beauty  with  the 
maximum  of  solidity.    This  depends  on  the  due  proportion  of  the  chlorate. 

Comparative  trials  have  been  made  with  pure  aniline  on  the  one  hand,  and,  on  the 
other,  with  anilines  containing  toluidine  and  pseudo-toluidine.  The  results  were 
similar  in  eadi  case. 

AVI&nrB-S&lFS.  KTVf.  Girard  and  De  Laire,  in  M.  Pelouze's  laboratoiT,  dis- 
covered the  reactions  which  give  rise  to  the  aniline-blues.  This  reaction  consists  in 
heatinff  a  salt  of  rosaniline,  or  a  mixture  of  substances  capable  of  giving  rise  to  its 
formation,  for  several  hours  with  an  excess  of  aniline.  The  blue  colouring-matiters 
thus  obtained  aro  the  Bleu  de  Parte  and  the  Bleu  de  Lyons,  The  operation  on  a  large 
scale  is  carried  out  by  allowing  the  mixture  of  a  salt  of  rosaniline,  with  an  excess 
of  aniline,  to  digest  at  a  temperature  of  160°  or  160°  for  a  oondderable  time.    If  a 
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Buztuie  of  2  kilograininefl  of  dry  hjdrochlorate  of  xoeaniline  and  4  kilogiaimnes  of 
aniline  bo  employed,  the  operation  is  completed  in  four  honrs.  The  xanide  bine  is 
purified,  by  treating  it  sncceasiYely  -with  boiling  water,  acidulated  -with  hydrochlorio 
add,  and  ndth  pore  -water,  until  it  presents  the  purest  possible  hue.  Mr.  Nicholson 
has  deyised  and  patented  a  process  of  purifying  the  blue  colouring-matter,  which  he 
dissolTes  for  this  purpose  in  concentrated  sulphuric  acid,  afterWrds  ^goeting  tho 
solution  for  half  an  hour  at  a  temperature  of  150^  C.  On  adding  water  to  this 
solntion,  the  blue  oolouring-matter  is  precipitated  in  a  modified  condition,  haying,  in 
fact,  become  soluble  in  pure  water. 

Dr.  Fofmann  has  determined  the  nature  of  aniline-blue,  which  he  thus  describes : — 
'The  blue  colouring-matters,  as  might  haye  been  expected,  are  saline  compounds 
of  a  colourlees  base,  which  may  be  obtained  in  a  state  of  perfect  purity  by  dissolying 
one  of  the  salts  (the  h^drochlorate,  for  instance)  in  alcohol,  and  filtering  the  solution 
into  alcoholic  ammoma.  The  deep  blue  immediately  disappears,  and  the  slightly 
reddish  solution  yields  the  firee  base  on  addition  of  water,  in  the  form  of  a  white 
curdy  precipitate,  which  gradually  assumes  an  indistinctly  crystalline  character. 
Dried  tn  vacuo,  this  substance  remains  colourless,  or  assumes  a  slightly  bluish  tint; 
at  100^  it  cakes,  and  becomes  brown  ;  and  is  found  by  analysis  to  contain — 

C"H»WO  »  C»»H»>N»,  IPO. 

l^iis  formula  exhibits  an  extremely  simple  relation  between  aniline-blue  and  aniline- 
nd ;  indeed,  aniline-blue  is  triphenylic  rosa^iline : — 

Aniline-ied  C*  H>»  N»,H*0  Bosaniline. 


Aniline-1 


.bI«eC-|7^.]N..H.0{^^S^«f 


The  salts  of  the  triphenylic  deriyatiye  correspond  to  the  rosaniline  salts.  The 
comjposition  of  the  hydrochlorate,  which  Mr.  Nicholson  prepajred  in  a  state  of  perfect 
pnnty,  is  analogous  to  that  of  the  monacid  hydrochlorate  of  rosaniline : — 

Hydiochloiate  of  rosaniline  0**  W*  N*,  HCL  • 
Hydiocblozata  of  triphenylic  xoeamline       0^r^g|j^lN*,H01. 
The  geneais  of  aniUne-blue  is  represented  by  the  following  equation : — 

C«H>W3C1+3P]^J.N1  -C«  f^j;^.y  J  N»,H01  +  8H«N. 

v_> »          ^»     ,    »"       \ , f  * — , — ' 

Hydrochlorate  of     Aniline             Hydrochlorate  of  Ammo- 

Bosaniline                                     Triphenylic  nia« 

Bosaniline. 

Amline-Uue,  when  submitted  to  the  action  of  reducing  agents,  such  as  nascent 
hydrogen  or  sulphide  of  ammonium,  is  oonyerted  into  a  colourless,  difficultly  ciys- 
tallisable  substance,  which  in  composition  corresponds  to  leucaniline.  It  contains 
0««H"N».' 

l%e  recognition  of  the  nature  of  aniline-blue  led  Dr.  Hofinann  to  some  experiments 
which  soon  became  of  great  industrial  importance.  Seeing  that  the  substitution  of 
three  atoms  of  phenyl  for  three  atoms  of  hydrogen  in  rosaniline  induces  a  change 
from  red  to  blue,  the  idea  naturally  suggested  itself  to  replace  the  hydrogen  by  other 
mdicals,  such  as  methyl,  ethyl,  and  amyl.  Eneriment  furnished  results  of  much 
interest.  Kosaniline  is  readily  attacked  by  the  iomdes  of  these  radicals :  a  series  of  new 
substances  being  produced,  obyiously  the  salts  of  trimethyl,  triethyl,  andtriamyl  rosani- 
line, the  blue  aina  yidet  colours  of  which  are  similar  to  that  of  the  phenylated  com- 
pound. These  new  colouring^matters  are  now  manufactured  on  a  largo  scale  by  Messrs. 
Brooke,  Simpson,  and  Spiller,  of  London. 

Under  the  title  of  '  M^rovemenU  in  preparing  CcUfimna-Matten  for  JDyeing  and 
Pnnimff,'  Dr.  Hoffaiaan  patented  (sealeoAugnst  29th,  1 863)  the  following  processes : — 
'I  take  the  substance  now  well  known  as  '*  rosamline,"  being  the  base  obtained  trom  the 
yarious  salts  of  rosaniline  found  in  commerce  under  the  names  of  "  roseine,"  "magenta," 
and  also  by  other  names,  and  whidi  is  usually  prepuwd  from  aniline  and  the  nomo- 
lognes  thereof,  and  I  mix  it  with  the  iodides,  bromides,  or  other  salts  of  the  "alcohol 
radicals,"  such  as  iodide  of  ethyl,  methyl,  or  amyl,  or  bromides  of  the  same.  I  eon- 
ploy  the  substances,  by  preference,  in  the  proportion  of  one  equiyalent  of  rosaniline 
to  three  equiyalents  of  the  salt  of  the  alcohol  radical ;  I  then  heat  the  mixture,  either 
•alone  or  toge^er  irith  methylated  spirit,  to  a  tempezatnre  between  212^  and  800^  7. 
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in  a  olofd  Tessd  undor  pfesrare ;  it  is  convenienb  to  nse  an  iron  boiler  provided  vitli 
a  safety-valve.  I  oontinae  the  heat  until  the  desired  result  is  obtained.  Dnring  the 
heating  the  mixture  passes  through  several  phases  of  oolouration,  being  eventnallj  oon- 
verted  into  a  blue  substance.  II  the  process  is  stopped  before  the  whole  is  oonvorted 
into  the  blue,  the  mixture  is  then  of  a  violet  or  purple  colour.  For  the  purpose  of 
dyeing  and  printing  the  mixture  may  be  used  in  the  same  manner  as  that  in  whioh  the 
aniline  odours  are  employed.' 

l^oholson's  method  of  making  aniline-blue  sduble  in  water  was  discovered  in  1862, 
but  other  soluble  aniline-blues  are  now  in  the  market.  Sulphuric  add  acting  upon 
aniline-blue  can  give  a  series  of  products  vai^ng  according  to  the  intensity  of  the  re- 
action. All  are  sulphacids  of  tnphenvlroeamline.  Bulk  has  proved  the  existence  of 
four  of  these  bodies.  Sulphuric  acid  gives,  according  to  circumstances,  sulphate  of 
triphenylrosaniline,  or  its  mono-  bi-  tri-  or  tetra-sulphuric  add.  When  we  treat 
hyorochlorate  of  triphenylrosaniline  with  strong  sulphuric  add  and  cod  the  mixture, 
we  obtain  a  deep  red  liquor,  and  hydrochloric  add  is  liberated.  On  putting  this  mix- 
ture into  water,  sulphate  of  triphenylrosaniline  is  predpitated  unaltered  in  the  form  of 
a  fine  blue  powder.  If;  instead  of  cooling  the  mixture,  it  is  heated  and  kept  for  five 
or  six  hours  at  a  temperature  of  80^  0.,  it  yields  equally,  when  poured  into  water,  a 
blue  pred^tate,  insoluble  in  that  liquid,  but  whidi  diners  firom  the  last-mentioned 
blue  predpitate  in  bein^  soluble  in  a  solution  of  soda,  in  which  it  gives  a  red  solution. 
This  latter  predjpitate  is  the  monosulphuric  compound  of  aniline-blue.  When  re- 
cently prepared,  itforms  deep  blue  masses,  which,  when  dried  in  the  water-bath,  take 
a  fine  metallic  lustre.  It  is  a  monobasic  add,  forming  with  the  alkalies  salts  soluble 
in  water ;  those  of  the  earths  are  sparingly  soluble.  To  obtain  these  salts  it  is  need- 
ful to  treat  the  fteshly-prepared  adds  with  caustic  alkalies.  They  are  scarcely 
soluble  in  cold  water,  and  dissolve  in  hot  water  with  a  feeble  colouration.  The  soda 
salt  of  this  add  is  known  in  commerce  as  Nidiolson's  or  alkali-blue.  It  is  prepared 
by  digesting  the  monosulphuric  add  of  triphenylrosaniline  with  a  solution  of  caustic 
soda,  not  enough  to  saturate  the  add.  It  is  then  filtered  and  evaporated  down  to  dry- 
ness at  100^  0.  It  is  an  amorphous  blade-grey  mass.  It  dissolves  in  hot  water  with 
a  blue  colour.  The  colour  of  the  aqueous  solutions  of  the  salts  in  question  is  very 
feeble,  but  becomes  strong  if  the  add  is  set  free.  If  acetic  add  is  used  the  colour 
is  unalterable  by  air  in  the  cold.  It  is  decomposed  by  hot  acetic  add  and  by  cold 
mineral  adds.  Wool  extracts  these  salts  from  their  solutions  in  a  colourless  state 
if  borax  or  silicate  of  soda  is  added.  The  salt  thus  fixed  on  the  wool  adheres 
very  firmly,  and  cannot  be  removed  by  wasldng.  When  the  wool  is  plunged  into  an 
add  bath,  the  colour  appears  in  its  full  beauty  and  intensity.  The  bisnlphuric  com- 
pound is  formed  by  dissolving  the  aniline-blue  in  six  times  its  volume  a£  sulphuric 
add,  and  keeping  it  for  five  hours  at  60^  G.  It  is  then  poured  into  water.  The 
geater  part  is  predpitated,  but  a'littie  remains  dissolved,  forming  a  blue  liquid. 
The  blue  predpitate  is  bisnlphuric  add,  and  the  liquid  is  the  trisulphuric.  The  bi- 
snlphuric compound  is  soarcdy  soluble  in  water,  but  dissolves  in  alkalis  forming  salts 
soluble  in  odd  water.  The  soda-salt  is  known  in  commerce  as  *  soluble  blue.'  It  is 
more  soluble  than  the  soda-salt  of  the  former  add.  The  salta  of  the  heavy  metals 
are  mosUy  insoluble.  The  trisulphuric  add  is  prepared  bv  deoom^ing  the  blue 
liquid  formed  along  with  the  bisnlphuric,  by  means  of  hydrochloric  acid.  The  pred- 
pitate is  sdnble  in  water  and  in  aloohd.  The  highest  compound,  the  tetrasulphuric, 
28  formed  by  digesting  aniline-blue  in  fuming  sulphuric  add  at  140^  C.  The  liquid, 
when  poured  into  water,  forms  a  blue  solution,  from  which  the  free  sulphuric  add 
may  be  withdrawn  by  means  of  carbonate  of  lead.  On  filtering  and  evaporating  we 
obtain  a  salt  of  lead  saturated  with  the  tetza-add.  It  is  solubk  in  water,  and  pred- 
pitable  by  aloohoL  Its  alkaline  salts  are  sduble  in  water  and  in  excess  of  alcohoL 
Those  of  the  heavy  metals  are  sduble  in  water,  but  not  in  alcohol.  Silk  soarody 
withdraws  the  odour  from  alkaline  and  neutral  sdntions  of  this  add,  but  is  readily 
dyed  in  an  acidulated  bath.  The  sulphuric  compounds  of  aniline-violet  are  analogous, 
but  as  their  odours  are  not  fine,  they  are  less  interesting. 

AVnun-OBBBW*  Aniline  assumes  a  beautiful  indigo-blue  colour  by  the 
action  of  chlorate  of  potash,  to  which  a  quantity  of  hydrc^oric  add  has  been 
added,  and  also  under  t^  infiuence  cI  a  solution  of  dilorous  add.  Br.  Grace  Galveit 
and  Messrs.  Lowe  and  Glift  have  produced  dmilar  blues,  and  described  them  under 
the  name  of  AmHrne,  Most  of  these  blues  possess  the  property  of  acquiring,  under  the 
influence  of  adds,  a  green  tint  called  Emeraldine,  Dr.  Galvert  obtains  tJiis  colour 
directlvupon  cloth  by  printing  with  a  mixture  of  an  aniline  salt  and  chlorate  of  potash, 
and  allowing  it  to  arj,  £i  about  twelve  hours  the  green  odour  is  developed. 
This  coloDr  may  be  converted  into  blue  by  being  ^ssed  through  a  hot  dilute  alkaline 
fldution,  or  thnm^^  a  bath  of  boiling  soap.  SmVbsdxmb. 
.  In  the  pcooess  of  fonniDg  the  bluer  shades  of  ethylated  videt  by  Hofimann's  patent, 
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ddBoribad  abov6»  thare  !0  AlvajB  produced  simnltaiieonBlj  a  certain  qnanti^  of  a  green 
CQlomiiig-matter,  whidi  may  be  purified  bjrtaking  advantage  of  the  circumstance  that 
it  ia  tnSj  soluble  in  alkaline  solutionfl.  When  crystaUised  or  predpitatedby  suitable 
reagrats,  it  is  commonly  known  by  the  name  of  'iodine-green/ and  may  be  regarded 
chemically  as  a  double  compound,  resulting  from  the  union  of  iodide  of  ethyl  -with  the 
already  ethylated  rosaniline.  The  colour  has  an  affinity  for  silk  and  wool,  it  is  re- 
markably brilliant,  and  is  much  used  on  that  account  for  dyeing  bright  green,  the 
shades  being  modified  at  pleasure  by  deyeloping  with  picric  aad.  This  body  uiuler- 
goes  a  remarkable  alteration  by  heat,  which  resolyes  it  again  into  its  constituents,  the 
colour  changing  firom  green  to  Tidet. 

The  following  method  of  api>lying  the  aniline-green  dye  on  straw  will  be  useful. 
The  straw  is  laid  for  some  time  in  boiling  water  and  then  washed  in  cold  water.  It 
is  next  bleached  in  a  bath  containing  20  grammes  of  chloride  of  lime,  and  7  to  9 
grammes  of  sulphuric  add.  Ko  more  water  is  used  than  is  needfhl  to  give  sufficient 
room  for  the  straw  to  be  well  covered  and  turned  about.  It  is  then  well  washed  in 
cold  water.  A  mordant  is  then  made  up  of  sumach,  alum,  and  tartar.  In  this  it  is 
well  worked,  and  allowed  to  steep  for  15  minutes.  Half  the  mordant  is  then  run  ofiT, 
and  the  vessel  is  filled  up  with  piure  water.  The  straw  having  been  taken  out,  aniline- 
green,  and,  if  necessary,  picric  add,  are  added,  and  the  straw  is  worked  in  this  till  the 
right  shade  is  obtained. 

JkMIMtEMMmMWDm  The  discovery  of  this  colour  is  dearly  due  to  Dr.  Ho&mnn. 
In  1868  this  chemist  wrote,  in  the  'Proceedings  of  the  Koyal  Sodety*  (vol.  iz. 
p.  284^  as  follows : — *  The  aqueous  solution  yields,  on  addition  of  potassa,  an  oily 
predp^tate  containing  a  considerable  portion  of  unchanged  aniline ;  on  boiling  this 
predpitate  with  dilute  potassa  in  a  TeUatj  the  aniline  distils  over,  whilst  a  viscid  oil 
remains  behind,  which  generally  solidifies  with  a  crystalline  structure.  Washing 
with  cold  alcohol,  and  two  or  three  crystallisations  firom  boiling  alcohol,  render 
this  body  perfectly  white  and  pure,  a  ver^  soluble  substance  of  a  ma^\ficent  crimson 
coihur  remaining  m  sd.ution.  The  portion  of  the  black  mass,  wmch  is  insoluble 
in  water,  dissolves  almost  entirely  in  dilute  hydrochloric  add,  from  which  it  is  re- 
predpitated  by  the  alkalies  in  the  form  of  an  amcophous  piiik  or  dingy  pr6dpitate 
soluble  in  alcohol,  with  a  rich  crimson  colour,  Tke  greater  portion  of  this  body 
consists  of  the  same  colouring  prindple,  which  accompanies  tJie  white  crystalline 
substance.' 

This  zed  colouration  was  indeed  noticed  in  1843  by  Dr.  Hofinann,  while  studying 
the  action  of  fuming  nitric  add  upon  aniline.  In  1856  Natanson  observed  it  when 
examining  the  action  of  Dutch  liquid  upon  aniline.  The  industrial  discovery  of 
aniline-r^  was  made  in  1859  by  Messrs.  Yerguin  and  Eenard  Brothers,  of  Lyons. 
Their  process  for  obtaining  it  was  as  follows : — ^A  mixture  of  ten  parts  of  aniline, 
and  &om  six  to  seven  parts  of  tetrachloride  of  tin,  either  anhydrous  or  hydrated,  is 
heated  to  ebullition  for  fifteen  or  twenty  minutes.  The  liquid  first  becomes  yellow, 
and  then  gradually  more  and  more  red,  until  at  last  the  colour  is  so  intense  that  the 
mass  appears  black.  The  mixture  is  allowed  to  cool,  and  then  treated  with  a  large 
quanti^  of  boiling  water,  which  acquires  a  magnificent  red  colour,  and,  without  any 
other  preparation,  forms  a  splendid  dye  both  for  dlk  and  wool.  It  is  found  advis- 
able to  previously  purify  the  red  colouring-matter,  for  which  purpose  its  insolubility 
in  saline  solutions  is  made  available.  If  the  concentrated  red  liquid  be  partially 
saturated  with  carbonate  of  soda,  and  a  quantity  of  common  salt  added,  the 
aniline-red  is  predpitated  in  a  solid  state,  and  constitutes  Hiefuchsine  of  the  chemist 
This  has  only  to  be  dissolved  in  water,  alcohol,  or  acetic  add  to  prepare  the  dye- 
bath. 

Benazd  and  Franc  stated,  at  the  same  time,  that  anhydrous  mercuric^  ferric,  and 
eupric  chlorides  mig^t  be  used  in  the  place  of  Uie  chloride  of  tin. 

Several  other  processes  for  obtaininjo;  aniline-red  were  suggested,  and  some  of 
theon  used.  Gerber-Keller  treated  anuine  with  the  nitrates  of  mercury.  Lauth 
and  Deponil^  used  nitric  add ;  and  six  months  before  the  discovery  by  these  French 
dyers,  two  English  chemists — Medlock  and  Nicholson — had  separately  patented, 
within  a  few  &yB  of  each  other,  as  the  result  of  their  experiments,  a  similar 
process. 

Medlodc  and  Nichdson,  and  Girard  and  De  Laire,  all,  in  1860,  patented  the  use  of 
arsenic  acid.  This  process,  bdng  now  almost  exdusively  employed,  must  be  described. 
Arsenic  add  is  combined  with  a  slight  excess  of  aniline;  the  cr]rstalline  mass  is 
heated  by  means  of  a  slow  fire  to  about  120^  to  140^  C,  care  being  taken  not  to 
exceed  160^  0.  The  operation,  according  to  the  scale  on  which  it  is  carried  on, 
requires  from  fbur  to  nine  hours  for  completion.  A  perfectly  homogeneous  mass,  fluid 
above  100^  C,  is  thus  obtained,  which  on  cooling  solidifies  to  a  hsjrd  substance,  with 
netdlie  bxonze-coloured  lustre.    When  dissolved  in  boiling  water  it  produces  a 
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Bolutioii  of  great  richness  and  purity  of  colonr.  If,  in  the  treatment  of  aniline  irith 
arsenic  acid,  the  latter  be  considerably  bejond  the  proportion  of  aniline  employed, 
violet  and  blue  dyet  may  be  formed.  The  production  of  such  has  been  patented  by 
Qiraxd  and  De  Laire. 

Iiaurent  and  Casthiiaz  have  obtained  aniline-red  direct  from  benzol,  without  the 
preliminary  isolation  of  aniline.  Nitrobenzol  is  treated  with  a  mixture  of  iron  and 
hydrochloric  acid,  or  with  ferric  chloride.  On  heating  the  mixture,  the  ferric  chloride 
reacts  on  the  aniline  contained  in  the  mixture,  transforming  it  into  aniline-red.  It  is 
doubtful  if  the  colouring-matter  obtained  by  this  process  is  equal  in  beauty  to  that 
procured  firom  the  aniline,  and  the  process  is  no  longer  employed.  The  name  of 
erythroberufdl  was  given  b^  the  discoverers  to  the  colouring-matter  thus  obtained,  but 
it  probably  consists  principally  of  rosaniline. 

The  processes  described  are  amongst  the  best  yet  devised  for  the  preparation  of 
crude  aniline-red.  Numerous  other  methods  have  been  patented,  amongst  others  the 
following : — 

Messrs..  Benard  Brothers  include  in  their  patent  the  ebullition  of  aniline  with 
stannous,  stannic,  mercurous,  and  mercuric  sulphates,  with  ferric  and  nranic  nitrates 
and  nitrate  of  silver,  and  wiUi  stannic  and  mercuric  bromides. 

Messrs.  John  Bale  and  Caro  patent  the  action  of  nitrate  of  lead  upon  aniline,  or 
hydrochlorate  of  aniline. 

Mr.  Smith  claims  the  ebullition  of  aniline  with  perchloride  of  antimony,  or  the 
action  of  antimonic  acid,  peroxide  of  bismuth,  stannic,  ferric,  mercuric,  and  cuprio 
oxides  upon  hydrochlorate  or  sulphate  of  aniline  at  the  temperature  of  180^. 

M.  Gerber-fceller  (Heilmann  in  England)  claims  the  pioauction  of  aniline  red  from 
all  &e  metallic  salts  of  the  oxacids  of  nitrogen,  sulphur,  chlorine,  bromine,  iodine, 
phosphorus,  arsenic,  and,  in  £Eict,  almost  every  compound  within  the  range  of  chemistry. 
It  may  well  be  said  of  such  patents,  that  *  scientific  men  cannot  speak  otherwise  than 
in  terms  of  reprehension.  Their  claims  are  founded  on  random  guesswork,  not  on  the 
results  of  patient  investigation.  They  are  attempts  to  pre-oocupy  the  whole  field,  and 
forestall  all  the  rewards  which  should  be  left  open  to  real  inventve  genius  to  cultivate 
and  win.' 

These  processes  have  reference  to  the  preparation  of  crude  aniline-red.  The  crude 
colours  contain  some  undecomposed  aniline,  mostly  in  the  form  of  salts.  They  eon- 
tain  also  tarry  matters,  some  insoluble  in  water  and  dilute  acids ;  others  soluble  in 
bisulphide  of  carbon,  naphtha,  or  in  caustic  or  carbonated  alkalis.  If,  therefore,  the 
crude  red  be  boiled  with  an  excess  of  alkali,  the  undecomposed  aniline  is  expelled, 
the  add  which  exists  in  the  product  being  fixed.  On  treating  the  residue  with 
acidulated  boiling  water,  the  red  is  dissolved,  while  certain  tarry  matters  remain 
insoluble.  If  now  the  boiling  solution  be  filtered,  and  then  saturated  with  an  alkali, 
the  colouring-matter  is  predpitated  in  a  tolerable  state  of  purity.  By  re-dissolving  the 
predpitated  red  in  an  add,  not  employed  in  excess,  a  solution  is  obtained  imich 
frequently  crystallises,  or  f^m  whicn  a  pure  red  may  be  thrown  down  by  a  new 
addition  of  chloride  of  sodium,  or  other  alkaline  salt  The  hydrodilorate  of  aniline- 
red  is  employed  in  dyeing  in  iSranoe,  while  the  acetate  is  used  in  inland. 

To  Dr.  Hofinann  we  are  prindpally  indebted  for  the  investigation  into  the  nature 
of  aniline-red.  In  his  paper  on  the  'Formation  of  Aniline-Red,'  he  says,  he  is 
» painfully  aware  of  the  imperfections  of  his  researches  upon  this  subject :  as  yet  only 
a  comer  of  the  veil  which  conceals  the  truth  is  raised.  The  genesis  and  constitution 
of  aniline-red  still  remain  to  be  investigated,  though  the  chemical  nature  and  compo- 
sition of  the  substance  itself  are  no  longer  doubtfiil.' 

Aniline-reds  are  salts  of  a  very  remarkable  compound,  which  plays  the  part  of  a 
well-defined  base,  and  to  which  Br.  Ho&nann  gave  the  name  of  rosaniline.  This 
compound,  in  its  anhydrous  state,  is  represented  by  the  formula  of  G"  H*  'N'.    (See 

BOSANIUMB.) 

The  formation  of  aniline-red  will  be  best  given  in  Br.  Hoftnann's  own  words : — 
'  It  had  been  observed  by  many  manufSuSurers  that  some  varieties  of  commercial 
aniline  yield  much  more  rosaniline  Uian  others.  Samples  of  aniline,  boiling  at  tem- 
peratures much  higher  than  the  boilinff  point  of  the  pure  compound,  are  found  to  be 
particularly  adapted  for  the  production  of  the  red.  This  observation  led  Br. 
Ho&nann  to  examine  carefWy  the  deportment  of  pure  aniline  under  the  influence  of 
the  several  agents  by  which  commercial  aniline  is  converted  into  aniline-red.  To  this 
examination  ne  subjected  a  sample  of  pure  aniline  derived  from  indigo,  and  other 
samples  made  from  pure  benzol ;  this  being  derived  in  some  cases  from  benzdc  add, 
in  c^er  cases  from  cool-tar.  These  experiments  elidted  the  remarkable  tact,  that 
pwre  anUine,  from  whatever  source  obtained,  is  incapable  of  furnishing  the  red  €b(e—& 
result  frilly  confirmed  by  Mr.  E.  C.  Nicholson,  who  indeed  had  been  long  acquainted 
with  this  dscumstanoe.    It  thus  became  obvious  that  commerdal  aniline  must  contain 
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smother  l)ABd,  the  pfMdnoe  of  irliich  detarmines  tha  fonnatlon  of  the  eoloniing-niatter. 
The  idea  yerj  naturally  suggested  itself  that  ^uu^tn^— which,  owing  to  the  difficoltj 
of  separating  toluol  from  benzol,  is  always  present  in  commercial  anilinor— might  be 
the  tzne  source  of  the  colooring-matter.  Experiments  made  with  pure  toluidino 
showed,  however,  that  this  base  is  not  more  capable  oi  yielding  the  red  than  pure 
aniline  itself.  Bnt  the  red  colouring^^maiUr  is  iiuiantanetm^  pridueed  when  a  mixture 
of  pure  aniline  and  pure  tduidine  i$  treated  with  the  ekleridee  of  mereury  or  tin,  or  vnth 
areeme  acid,  plainly  showing  that  the  two  bases  must  oo-opeiate  in  the  formation  of 
theied.' 

This  result,  Dr.  Hofoiann  believes,  contains  the  due  by  which  may  be  explained 
sot  only  the  genesis  of  aniline-red,  but  also  that  of  the  tinctorial  ammonias  generally. 
It  points,  moreover,  to  the  neoessitr  of  ascertaining  how  far  the  formation  of  the 
violet  and  other  colouring-matters,  hitherto  believed  to  be  exclusively  derived  from 
Miline,  require  the  co-operation  of  tduidine. 

Betumin^  to  the  red  derivatives  of  aniline  obtdned  by  the  different  processes 
above  described,  we  may  state  broadly  that  all  these  products  are  composed  essentially 
of  rosaniline  salts.  The  red,  prepared  by  the  process  of  Messrs.  Renord  and  Franc, 
or  fuchsine,  consists  chiefly  of  hydrochlorate  of  rosaniline.  The  azalSine,  or  aniline- 
red  prepared  by  nitric  ado,  is  prindpally  nitrate  of  rosaniline. 

In  the  crude  red,  produced  by  the  action  of  arsenic  add,  we  should  flnd  the  arseniate 
of  rosaniline,  which,  by  the  subsequent  treatment,  for  the  sake  of  purification,  is  con- 
verted into  hydrochlorate  or  acetate  of  rosaniline. 

This  is  the  place  to  record  the  fact  that  for  some  time  past  a  colourless  (or  at  least 
slightly  rose-coloured)  jpaste,  with  an  alkaline  reaction,  has  been  delivered  into  com- 
merce from  Mulhouse,  in  France ;  which  paste  has  only  to  be  treated  with  acetic  add, 
in  which  it  dissolves  with  the  greatest  mdlity,  in  order  to  obtain  an  extremely  rich 
and  beautiful  carmine  solution,  capable  of  bdng  at  once  employed  for  printing  stufb. 
Now  that  the  characters  of  rosaniline  are  known,  there  cannot  be  the  least  doubt  that 
this  odourless  paste,  and  certain  pink  powders  of  similar  properties,  consist  almost 
entirely  of  rosaniline  more  or  less  pure,  and  that  they  have  been  prepared  by  pred- 
pitatii^;  a  sdution  of  a  rosaniline  salt  by  an  excess  of  a  powerftil  base,  such  as  soda 
or  lime. 

Bmnarks  on  the  Phenomena  observed  in  the  AppHeaOone  of  Jmline^Bed^^-'We  are  now, 
moreover,  enabled  to  explain  perfectly  what  takes  place  when  a  stuff  which  has  been 
dyed  with  aniline-red  is  actea  upon  1^  a  powerM  add  or  alkali.  On  printing  with  a 
powerful  add,  the  stuff  is  deodorised  with  the  formation  of  a  yellowish  stain,  because 
a  rosaniline  salt  with  three  equivalents  of  add  is  formed ;  the  triadd  salts  of  this 
substance  beinff  in  fact  all  yellowish,  and  possessing  but  littla  odour.  When  the 
material  is  washed  witii  wat^,  the  excess  of  add  is  removed,  and  the  monadd  salt 
reproduoed,  the  red  colour  bdng  restored. 

On  printing  with  a  powerful  base,  for  example,  with  caustic  soda,  the  red  disappears 
as  the  red  rosaniline  salt  is  decomposed,  and  rosaniline  liberated  in  a  colourless  con- 
dition. But  on  washing  out  the  soda  with  water,  the  red  colour  reappears,  the 
rosaniline  becoming  probably  carbonated. 

If  a  powerful  volatile  base  be  employed,  as  ammonia,  the  red  also  disappears,  on 
account  of  the  liberation  of  the  colourless  rosaniline ;  but  in  proportion  as  the 
ammonia  evaporates  the  red  colouration  returns,  particularly  on  slightiy  warming^— as 
the  rosaniline,  which  is  a  fixed  base,  expels  the  ammonia,  and  re-forms  the  primitive 
salt  of  rosaniline  with  its  peculiar  colour.  If  the  rosaniline-dyed  fabric  be  left  for  a 
oondderable  length  of  time  (from  twelve  to  twenty  hours)  in  contact  with  weak 
ammonia,  the  colour,  as  has  been  pointed  out  by  Mr.  W.  Oxiun,  scarody  returns  on 
rindng  with  water.  This  is  obviously  due  to  the  increased  sdubility  of  rosaniline  in 
water  containing  ammonia,  which  separates  the  cdouring-mattez  even  from  the 
mordant. 

The  salts  of  rosani^ne,  whidi  are  ohiefiy  employed  for  dyeing  silk  and  wool, 
are  the  acetate  and  the  hydrochlorate,  and  their  application  is  simple  in  the 
extreme.  The  silk  is  dyed  by  pasdng  it  through  a  warm  aqueous  solution  of  the  salt : 
for  the  dydng  of  wod  the  solution  is  heated  to  a  temperature  varying  between  60^ 
and  60O  0. 

The  force  and  rapidity  with  which  rosaniline  is  fixed  by  nlk  and  wool  is  the  only 
di£Bcnlty  to  be  encountered  in  this  branch  of  dydng.  In  fact,  this  magnificent  colour 
is  predpitated  and  fixed  with  such  avidity  and  promptitude  by  dlk  and  wool,  that  it 
is  necessary  to  take  particular  precautions,  and  to  operate  with  solutions  that  are 
at  first  comparatively  weak,  and  are  only  gradually  strengthened,  to  prevent  the 
dydng  bdng  uneoual,  and  the  portions  firat  immersed  in  the  bath  being  more 
stron^y  coloured  than  those  afteiwards  introduced.  Cotton  is  also  difficult  to  dye 
with  rosaniline  salts,  but  for  the  exactly  oppodte  reason— that  it  does  not  present  any 
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attntctioii  for  this  oolooring-mattaF.     The  fizataon  of  the  colour  on  cotton  can  there- 
fore only  be  ofiboted  by  fbnt  treating  the  cotton  vith  some  animal  mocdant»  or  nith 
tannic  add. 
There  are  two  modes  of  proceeding  for  this  purpose : — 

1.  The  fabric  is  printed  with  the  thickened  organic  mordant ;  for  goods  intended  to 
be  dyed  throughout  the  mordant  is  uniformly  sproad  on  the  whole  surfeuse  of  the  stufl^ 
and  fixed  either  by  drying  or  steaming  before  the  fabrics  are  introduced  into  the  dye- 
bath.  The  colour  is  only  fixed  on  the  mordanted  ]partions,  and  the  shades  themselves 
may  be  yaried  according  to  the  nature  and  composition  of  the  mordant. 

Among  the  substances  employed  as  organic  mordants  for  rosaniline  are : — ^Albu- 
men, whether  made  from  white  of  egg  or  from  blood ;  prepared  gluten,  prepared  casein, 
gelatine,  and  tannin — ^this  latter  being  used  either  in  its  combinations  with  the 
metallic  oxides  (as  antimonic,  stannic,  or  plumbic),  or  as  tannate  of  gelatine.  For 
some  time  oily  preparations  were  employed,  as,  for  example,  the  sulphomargaric  and 
eulpholeic  adds. 

2.  The  mordant  is  thickened,  and  at  the  same  time  some  aniline-red  is  dissdved  in 
it ;  the  stuff  is  printed  therewith,  dried,  and  steamed ;  the  whole  is  then  fixed  on  the 
fiibric,  which  then  has  only  to  be  washed  and  dried. 

This  method  is  principally  employed  when  using  albumen,  in  which  acetate  of  ros- 
aniline is  dissdlved.  Latterly  tannin  has  been  employed  in  preference  for  fixing 
aniline-red,  particularly  in  dyeing  ordinary  artides ;  for  the  mordanting  of  which 
albumen,  although  giving  the  most  satisfactory  results,  is  too  costly  an  artide. 

It  is  to  Mr.  Perkin  that  we  are  indebted  for  the  first  application  of  tannin  for  fixing 
aniline  colours  upon  cotton. 

MM.  Kuhlmann  and  lightfoot  have  called  attention  to  the  advantages  presented 
by  the  use  of  tannate  of  gdatine ;  and  Mr.  Walter  Crum  has  minutely  indicated  the 
treatment  by  which  gluten,  the  cheapest  substitute  for  albumen,  may  be  rendered 
available  in  printing  and  dydng  with  aniline  colours. 

AVnora-VIO&BT.  To  this  odour  in  its  varieties  the  names  of  Mauve,  Jni- 
leme,  Inditme^  Phenameme,  VioUne,  Bosokme,  T^ro^tiM,  &c  have  been  ^ven.  Mr. 
Perkin's  patent  dates  from  26th  August,  1856,  and  this  was  the  original  of  all 
the  numerous  colorific  compounds  commercially  produced.  Aniline-violet  was  first 
obtained  in  the  crystalline  condition  in  1860  by  M.  Scheurer-Kestner,  who  used  mono- 
hvdrated  acetic  add  as  a  sdvent.  Dr.  Hofnumn  informs  us  that  in  1862  Kestner 
obtained  *  splendid  wdl-developed  prisms  of  perfectly  pure  aniline-violet,  which  that 
chemist  produced  by  operating  on  a  very  laige  scale.*  The  chemical  compodtion  of 
this  colour  has  not  yet  been  definitdy  established,  but  the  aniline-purple  prepared  by 
Perkin's  process  is  the  sulphate  of  a  base  called  Mauveine,  having  tne  oompodtion 
C'^H^^N^  The  process  of  mannfeusture  is  as  follows : — ^A  cold  and  dilute  solution  of 
sdphate  or  any  other  salt  of  commercial  aniline  is  mixed  with  a  sdution,  also  cold 
and  dilute,  of  bichromate  of  potash.  The  mixture  is  well  stirred,  and  allowed  to 
stand  for  ten  or  twelve  hours.  A  black  predpitate  is  produced,  which  is  collected 
upon  a  filter,  washed  with  cdd  water,  and  dried.  The  black  matter  is  digested  with 
light  coal-tar  oil,  when  a  brownish-black  tairy  substance  is  dissdved  from  the 
colouring-matter  obtained  in  the  predpitate.  The  insoluble  reddue  is  then  dried  and 
digested  with  wood-spirit  or  alcohol,  or  indeed  with  any  liquid  capable  of  dissolving 
the  colouring-matter.  The  dear  solution  is  separated  by  filtration  or  decantation,  and 
distilled  in  order  to  recover  tke  alcohol  or  wood-spirit ;  the  reddue  left  in  the  retort 
is  Mr.  Perkin's  aniline-videt. 

The  black  predpitate,  after  having  been  washed  with  cdd  water,  is  extracted  by  a 
prolonged  ebullition  with  lazge  quantities  of  water  (sometimes  addulated  with  from 
one  to  two  per  cent  of  acetic  acid),  an  operation  whidi  effects  the  solution  of  the 
colouring-matter.  The  filtered  solutions  are  concentrated  as  mndi  as  posdble,  and 
while  boiling  are  predpitated  b^  the  addition  of  caustic  soda.  The  predpitate  is 
filtered  off  and  washed  ror  some  time  with  an  alkaline  solution,  which  &dlitates  the 
extraction  of  the  excess  of  bichromate  of  potash,  and  removes  a  reddish  colouring- 
matter  affecting  the  purity  of  the  aniline-violet.  It  is  then  treated  with  cold  water 
nntil  the  alkali  is  removed,  and  the  washings  become  coloured.  The  violet  is  thus 
obtained  in  the  form  of  a  paste. 

The  following  processes  have  also  been  proposed  for  the  production  of  aniline-violet : — 

1.  Oxidation  of  an  aniline  salt  by  a  solution  of  permanganate  of  potasdum. — 
WilUam. 

2.  Oxidation  of  an  aniline  salt  by  a  solution  of  ferrknranide  of  potasdum. — Smiih. 
8.  Oxidation  of  a  cold  and  dilute  solution  of  h^drocnlorate  of  aniline  by  a  dilute 

sdution  of  chloride  of  lime. — Botiey,  Beale,  and  Kirkman, 
4.  Oxidation  of  a  salt  of  aniline  in  an  aqueous  solution  hj  peroxide  of  manganese. 
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6.  Oxidation  of  a  Mdt  of  amHno  by  Uie  peiozide  of  lead  niiddr  ih»  infloenoe  of  an 
add.— IVioi, 

6.  OzidatioQ  of  a  lalt  of  aniline  bj  free  chlorine  or  free  hypoohlorous  add. — Smith, 

7.  Oxidation  of  a  salt  <^  aniline  by  the  double  diloride  of  copper  and  sodium. — 
Daletmd  Cktro, 

The  onlj  proeossos  irhich  are  employed  industrially  are  those  in  which  bichromate 
of  potash,  chloride  of  Hme,  and  chloride  of  copper  are  used.  The  dyeing  of  silk  or 
wool  by  means  of  anilin»-fiolet  is  a  process  of  the  eadest  description. 

DytSng  Silk, — An  aleoholio  solution  of  the  Tidet  purple  is  diluted  with  eight  times 
its  Tolume  of  hot  water  previously  addulated  with  tartaric  add.  This  liquid  is 
poured  into  the  dyeing-bath  of  cold  water  slightly  addulated.  Through  this  tne  silk 
18  passed  until  the  required  shade  is  attained.  The  tint  is  rendered  bluish  by  means 
of  indigo-earmine.  Sulphuric  add  added  to  the  dye-bath  causes  the  violet  to  assume 
a  greyish  shade.  This  may  be  increased  until  a  veiy  beautiful  grey  {^ris  perle)  is 
obtained.    This  colour  is  much  used  by  the  silk-dyers  of  Lyons. 

Byamg  Wool, — ^This  is  conducted  at  a  temperature  of  b(i^  or  60^  C,  the  dye-bath 
connsUng  sim^jy  of  a  dilute  aqueous  solution  of  colouring-matter,  without  any  add. 

Printing  upon  SUk  and  Wool, — The  paste  of  aniline-violet  is  dissolved  in  about  five 
times  its  we^t  of  acetic  add  (specific  gravity,  1*060),  and  mixed  with  enough  gum- 
water  to  form  a  printing  materiaL  The  &brics  when  printed  are  submitted  to  the 
action  of  steam,  and  then  washed. 

Dyeing  CoWm — Since  cotton  does  not,  like  silk  or  wool,  present  much  attraction  for 
the  aniline  colours,  the  djer  employs  albumen,  soluble  gluten,  or  tannin.  In  some 
cases  the  oxides  of  tin,  of  aluminium,  of  lead,  or  of  antimony  are  used.  Sulphuric 
add  has  also  the  property  of  fixing  the  aniline-violet  on  cotton.  The  animal  or  tannin 
mordants  are  printed  on  the  cotton,  which  is  steamed  so  as  to  fix  it,  and  it  is  then  dyed 
in  an  addulated  solution  of  the  colour. 

Violet  Impirid, — ^This  violet,  which  is  essentially  difibrent  from  the  mauve,  is 
formed  by  modifications  of  the  aniline  reds  and  blues.  It  is  produced  thus : — Equal 
quantities  of  aniline  and  diy  hydrochlorate  of  rosaniline  are  heated  to  a  temperature 
of  180^  C.  for  about  four  hours.  MM.  Girard  and  De  Laire  first  patented  this  colour, 
and  on  account  of  its  great  beauty  it  is  much  used,  although  not  quite  so  permanent  as 
the  mauve.  Mr.  £.  0.  Nicholson  forms  another  violet  by  heating  aniline-red  in  a 
suitable  apparatus  to  a  temperature  between  200^  and  215^  0.  This  mass  is  exhausted 
with  acetic  add,  and  the  deep-violet  solution  diluted  with  enough  alcohol  to  give  to  the 
dye  a  convenient  strength. 

Aniline-violet  resists  the  action  of  light  to  a  very  considerable  extent,  although 
Ghevreul  has  shown  that  it  is  inferior  in  this  respect  to  dther  madder,  cochineil,  or 
indigo^ 

AMTLXMmmTWaUMMWn  In  the  preparation  of  aniline-red  there  arises  a  great 
number  of  secondary  products.  .  Amongst  others,  a  yellow  colouring-matter  has  been 
separated  by  Mr.  Nicholson  and  examined  by  Dr.  HdPmann.  The  name  of  Chrysaniline 
has  been  given  to  this  veiy  beautiful  yellow  colour,  which  has  been  proved  to  be  a 
well-defined  base.  The  preparation  of  chrysaniline  is  simple.  The  reddue  from  which 
the  rosaniline  has  been  extracted  is  submitted  for  some  time  to  a  current  of  steam, 
when  a  quantity  of  the  base  passes  into  solution.  Addition  of  nitric  add  to  this  solu- 
tion predpitates  the  chrysamline  in  the  form  of  a  difficultly  soluble  nitrate. 

Hofinann  has  shown  that  chrysaniline  is  intimately  related  to  rosaniline  and 
leucaniline,  only  differing  from  the  first  by  two  equivalents,  and  from  the  second  by 
four  equivalentB  of  hydrogen : — 

Chrysaniline  C*H>*N». 
Eosaniline  C»»H»»N*. 
Leucaniline  C»«H»W. 

Chrysaniline  forms  two  series  of  salts,  the  g^ter  number  of  which  are  well  cnrs* 
tallisecL  The  most  remarkable  salt  of  chrysaniline  is  the  nitrate,  wldch  is  so  insoluble 
in  water  that  nitric  add  may  be  predpitated,  even  from  a  dilute  aqueous  solution,  by 
means  of  the  more  soluble  hydrochlorate  or  acetate  of  chiysaniline.  These,  when 
poured  into  a  nitric  solution,  rapidly  give  rise  to  the  formation  of  an  orange-red 
chrysaniline  predpitate  of  nitrate  of  chiysaniline.  This  chrysaniline  and  its  salts  dye 
silks  and  wools  a  splendid  golden-yellow  colour.  Such  is  the  general  chuacter  of  the 
aniline  ooloun.  They  have  been  used  as  printing-inks,  whidi  are  veiy  permanent. 
See  *  Watts's  IMctionazv  of  Chemistiy.* 

E.  Waller,  E.M.,  in  the  '  American  Chemist,'  gives  the  following  list  of  the  names  of 
the  various  eoal-tar  cdoura,  both  commercial  and  chemical,  together  with  Uieir 
chemical  formuls,  when  those  could  be  found.  (It  should  be  observed  that  the  old 
notation  has  been  employed  throughout).    <Many  of  the  compounds  here  men- 
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tioned  are  not  now  in  usd  as  djes,  dther  beoaiiBe  they  are  too  expennye,  or  because 
their  use  is  inconyenient,  requiring  too  complicated  a  treatment  or  rare  chemicals  to 
fix  them  upon  the  goods,  or  because  they  have  been  superseded  by  dyes  of  better 
quality.  Several  colours,  black  especially,  are  usually  produced  on  the  fibre  of  the 
goods  by  printing  them  with  various  salts  of  aniline  and  rosaniline,  and  then  with 
salts  of  copper,  chlorates,  &o.  Most  of  the  dyes  called  aniline^blacks  give,  when 
dissolved,  deep  green  solutions.  Of  those  to  which  the  formula  are  not  given,  the 
chemical  formulsa  are  not  as  yet  known,  or  they  have  not  been  given  by  those  works  to 
which  I  have  resorted  on  the  subiect.  The  derivatives  of  aniline  and  toluidine  jare 
given  together,  as  the  two  are  with  difficulty  separated  £N)m  each  other,  and  in  course 
of  manu&cture  the  separation  is  never  attempted.' 

COLOUBS  DHBIVBD  FBOX  AmLIMB  OB  PrbITTLIHINB  (G**H^)  AXD  TOLUIDnnB  OB 

ToLUYLAMnra  (C»*H»N). 


BetU. 
Hydrochlorate  of  rosaniline — 
0-H>*N«,HCl. 
Called  also   aniline   red,  new  red,  ma- 
gento,  self erino,  fuchsine,  amleine  roug6, 
roseine,  and  acaline. 
Acetate  of  rosaniline— 

C«H"N«,H0,OHK)».  • 
Known  also  by  the  same  names  as  the 
above. 
Nitrate  of  rosaniline — 

0*»H»»N«,HO,NO*. 
Known  by  the  same  names  as  the  hydro- 
chlorate;  also  as  rubine  and  rubine  im- 
perial. 
Dicodhydrate  of  trimethylchrysaniline — 
0*»H»^C«IP)»N».2(H0I). 
Ci^led  also  duTsaniiine  reil 
Nitafosophenyline,  OH«N«0. 

Chemical  formula  unknown—' 
Kylidine,  tar  red,  soluble  ruby. 

Bluis  and  Violets. 
These  shade  into  one  another  so  gradu- 
ally that  they  cannot  well  be  separated. 
Hydiochlorate  of  monophenyliosaniline, 
C*«H»»(0"H»)  N»,HC1. 
Called  also  rosaniline  violet,  red  mono- 
phenylrosaniline,  and  Hofmann's  violet. 
Hydrochlorate  of  diphenylrosaniline— 
C^ff*(0»«H»)'N»,HCL 
Also  known  as  rosaniline  violet  and  Hof- 
mann's  violet 

Triphenylrosaniline,  or  triphenyl  ros- 
aniline, C"H'«(C"H»)«,N». 
Called  also  aniline  blue,  rosaniline  blue, 
Hofmann's  blue;  bleu  de  Paris,  bleu  de 
Lyons,  bleu  de  Mulhouse,  bleu  de  Mex- 
ique,  bleu  de  nuit,  bleu  lumiire,  bleuine, 
azurine,  and  night  blue. 
Hydrochlorate  of  triphenylrosaniline— 
C-H»«(C»«H»)«N»,HCL 
Known  also  by  the  same  names  as  the 
above. 
Acetate  of  triphenylrosaniline— 
C«H>^C»H*)W,HO,C*H«0». 
Known  also  by  the  same  names  as  the 
above. 
Bisulphotriphenylrosaniline  acid — 
C*«H»«(C%*)«N»,4S0«. 
Called  also  Nicholson^  blue  and  soluble 
blue. 


Hydrochlorate  of  monethylrosaniline-* 
0«H»»(C"H*)N»,HCL 
Called  also  Hofmann's  red  violet. 
Hydriodate  of  ethylrosaniline — 
C**H'»(C*H»)N«,flL 
Called  also  Hofmann's  red  violet 
Ethyliodate  of  ethylrosaniline — 
C*«H'«(C*H»)N»C*H«L 
Called  also  fuchsine  with  a  blue  tint, 
and  Hofmann's  violet  red. 
Hydrochlorate  of  die^ylrosaniline— 
C«»H"(C*H*yN«,HCL 
Called  also  Hofmann's  blue. 
Ethyliodate  of  diethylrosaniline — 
C«H"(C*H»yw,C*H*L 
Called  also  Hofinann's  red  violet  and 
et^lic  rosaniline  violet 
Hydrochlorate  of  triethylrosaniline — 
C-H»«(C«H»)W.Ha 
Called  alao  Hofmann's  blue. 
Ethyliodate  of  triethylrosaniline— 
C**H»«(C*H»)«N»,C*H»I. 
Called  also  Hofbiann's  blue  and  ethylio 
rosaniline  violet 
Ethylbromate  of  triethylrosaniline — 
C*«H»5C*H»)«N«,C*H*Br. 
Called  also  brimula. 
Hydrochlorate  of  methylrosaniline — 

C^H>«(C«H«)N«,HCL 
Hydriodate  of  methylrosaniline— 

C«ff«(C*H«)N«,HL 
Hydrochlorate  of  dimethylrosaniline — 

C«H»'(C«H«yN»,HCL 
Hydrochlorate  of  trimethylrosaniline — 

C*«H»«(C«H«)»N«,HCL 
MethylaniHne,  C'*H«(C«H»)N. 
Called  also  methylic  rosaniline  violet  and 
violet  de  Paris. 
Mauvaniline,  C'H'W. 
Voihinile,  C»H>*N«. 
Mauveine,  C**H«*N*. 
Called  also  mauve,  aniline  purple,  Per- 
kin's  violet  indisine,  analeine  harmalino^ 
violine,  and  mauve  rosolane. 
Hydrochlorate  of  mauveine-^ 
C»*H"N*,HC1. 
Known  also  by  the  same  names  as  mau* 
veine. 
Hydrochlorate  of  efchylmauveine — 
C**HM(C*ff)N«3CL 
CaUed  also  dahlia. 
BitolylrosamUno.  0««H>'(C»*H')«N«, 


Digitized  by  VjOOQIC 


ANIMNB  COLOURS 


18d 


GaU«d  also  tdtiidine  blue. 

Tritobrliowiiiliiie.  C^H»«(C"H7N«. 
Cfbemical  formxiI»  nnknown — 

Begina  blue,  opal  blue,  regina  purple, 
blea  do  FajoUe,  violet  de  *  Mulhouse, 
Britannia  Tiolet,  gezanodne,  yiolet  im- 
periaL 

C*»H'«(0*H»)N«,2H0. 
Known  as  Aldehyde  green,  aniline  green, 
Tuadine,  and  emeraldme. 

C-H»»(C»H«)fN«,2H0. 
Known  as  iodine  gieen  and  iodide  of 
meUi^greeoi. 

Ohemioal  formnbe  unknown — 
Iodide  of  ethyl  green,  Ferkin's  green. 

Y$Uow8. 
Chiysaniline,  0«»H«*N». 


Called  also   Fhosphine,   aniline  yeUow, 
and  yellow  fiichsine, 

ITitrophenyldiamine,  C»»H«0«,HCL 

Chiysotoluidine,  0"H*»N*. 

ZinaUne,  C**H»»N«0,«(?). 

Chemical  foimnlie  unknown — 

Dinitroaniline,  Field's  orange  (?). 

SrofonSt 
Chemical  formulse  unknown. 
Hayanna  brown,  Bismarck  brown,  ani- 
line brown,    aniline   maroon,   Napoleon 
brown. 

Cfreys, 

Chemical  f ormuls  unknown— 
Aniline  grey,  argentine. 

Black, 
Chemical  formulae  unknown — 
Aniline  black. 


OOLOUBS  DUUTED  FBOIC  NlFHTHAUKl  OB  NAFBTfiTLBTDBiiTS— (C'H*). 


Seds. 

ChloroxynaphthTlic  add,  C*H*010<. 
Called  also  pseudoalizarine,    naphthylic 
red,  and  chloronaphthaline  add. 

Chemical  formube  unknown — 

Boseonaphthaline,  carminaphtha. 

Yelhws. 
Binitronaphthaline,  C^H^NO*)*. 


Called  also  binitronaphthal,  naphthala- 
mine  yellow,  nai^thylic  yellow,  golden 
yellow,  and  Manchester  yellow. 
Binitaronaphthylic  add — 

C«*H»(N070,H0. 
Known  also  by  the  same  names  as  the 
aboTe. 
Trinitxonaphthylic  add— 
C»HXNO*)H),HO. 


CoLovBS  DBBiTSD  VBoic  Cabbouo  Ach)  akd  Fhbkio  AciD,  Fhbktlhtdbitb 

OB  FH«fOIr-(C»«H»0«). 


Called  also  trinitrophenic  add  and  car- 
bazotic  add. 

Aurine,  C^ffK)*. 
Called  also  rosolic  add. 

Ficrate  of  ammonia — 

NH*0,C«H»(NO*)«0. 

Isopurpurate  cf  potash. 

Chemical  formulae  unknown. 

Fhenyl  brown,  or  rothdno,  or  phini- 
denne. 

Azuline  (blue),  C«<H"NO<,  and  another 
yiridine  (formula  unknown),  are  both  an 
aniline  and  a  carbolic  add  colour,  bdng 
produced  by  the  action  of  carbolic  add  on 
a  deriyatiye  of  aniline. 

Cyanine  rblue),  C«H«*N«I,  is  described 
in  some  worKs  among  the  coal-tar  colours, 
but  is  derived  from  chinchonine. 

Among  the  blues  and  yiolets,  the  names  Hofmann's  blue  or  Hofmann's  violet  are 
seen  frequently  to  occur.  These  are  distinguished  in  commerce  by  suffixing  the  letters 
B  or  K  Uie  number  of  times  that  either  is  repeated,  showing  the  relativeolueness  or 
redness  of  the  dve.  They  range  from  BBBB  to  BRRR.  The  reddish  shades  are 
those  in  which  fixe  least  substitution  has  taken  place,  as  in  the  moneth^l-  or  mono- 
phenyl-rosaniline,  &c,  while  the  bluest  of  these  are  those  which  are  triethyl-  triphenyl- 
rosamlines.  &c  The  series  of  names  given  for  triphenylrosanib'ne  and  the  hydro- 
chlorate  of  the  same  base  are  frequently  interchanged.  On  the  ethyliodates  and 
ethylbromates.  authorities  appear  to  dififer  as  to  whether  they  really  are  ethyliodates, 
&&,  or  qot.  The  colours  are  prepared  by  the  action  of  iodide  of  ethyl,  &c  upon 
zosaniline  or  some  of  its  salts,  and  iodine  is  given  off  in  the  operation ;  but  whether  one 


Beds. 

Ficiamic  add,  C"H»(NO<)«NO«. 
Called  also  picramine  add. 

Coralline,  C~H«0*. 
Called  also  peonine. 

Coralline  amide,  C"H»NO«. 
Called  also  red  coralline. 

Slue. 

IsoTrarpuric  add,  C«H^0«)«N0«,2CL 
Called  also  bicyanide  of  picramyl  aud 
Grinat. 

Chemical  formulie  unknown-^ 
Chloropicrine. 

Yelhwe. 
Ficric  add,  C"H«(NO<)»0,HO. 
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eqniyalont  of  tha  io£de  of  ethyl  remains  behind  or  not  in  a  state  of  chemical  com- 
bination, does  not  apyear  to  be  fuUj  established.  Were  the  latter  snppoeitaon  the 
case,  the  C*H*I  of  those  foranils  would  be  replaced  bj  2H0,  and  the  chemical 
name  would  necessarily  be  changed  to  conee^nd.  The  same  question  mi^t  be 
raised  regarding  some  df  the  Ho&m&nn  violetB  with  their  equiyalent  of  HOI  or  fiO,  CH 
H'O',  bnt  as  one  of  these  adds  is  used  in  the  solotio&  when  pori^Ting  the  colour,  the 
probabilities  are  that  the  base  nnites  with  it,  and  the  colour  goes  to  market  as  a  sal^t 
and  not  as  an  isolated  base.  The  terms,  direct  blues  and  puified  blues,  are  simply 
commercial  terms  indicating  the  amount  of  purification  which  the  dyes  hare  received, 
the  first-named  being  the  most  impure.  Ajnong  the  greens  the  terms  aniline-green 
and  emeialdine  are  synonymous  terms  applied  to  a  colour  formed  in  the  fibre  cf  the 
goods.  Yiridine  is  a  name  applied  to  a  true  green,  but  the  term  has  also  been  used  for 
a  mixfcare  of  indigo  and  picnc  add,  which  cannot  properly  be  called  an  aniHne  colour. 

AVXMA&  B&ACSL.  Befiise  animal  matters  are  placed  in  a  retort,  and  sub* 
mitted  to  destnictiye  distillation.  The  gases,  evolyed  on  decomposition,  are  uMiUy 
burnt,  while  water,  oily  matter,  and  ammoniacal  compounds  distil  oyer,  and  are 
condensed.  There  remains  in  the  retort  a  carbonaceous  mass,  which,  when  leyigated 
and  ground  in  a  mill,  forms  *  animal  black.'  It  is  in  a  more  finely-diyided  state  than 
bone-black,  and  is  used  in  the  prepaiation  of  blacking  and  of  printing-ink. 

AJrzaKA&  OBABOOA&.    See  Bonb-Blaok. 

AVZBni.  A  resin  of  a  pale  brown  yellow  colour,  transparent  and  brittle.  It 
exudes  from  a  laige  American  tree,  called  by  Tiao,  Jetaiba;  and  by  the  Indians  cour^ 
barU,  It  appears  to  be  a  spedes  of  S^mefkBo,  It  occurs  in  pieces  of  yarious  sizes, 
and  it  often  contains  so  many  insects  belonging  to  living  species,  as  to  have  merited 
its  name,  as  being  animated.  It  contains  about  a  fifth  o£  1  per  cent  of  a  volatile  oil, 
which  gives  it  an  agreeable  odour.  Alcohol  does  not  dissolve  the  genuine  anim^  as 
I  have  ascertained  by  careful  experiments,  nor  does  caoutchoudne;  but  a  mixture 
of  the  two,  in  equalparts,  softens  it  into  a  tremulous  jelly,  though  it  will  not  produce 
a  liquid  solution.  When  reduced  to  this  state,  the  insects  can  be  easily  picked  out, 
without  ii^ury  to  their  most  delicate  parts.  On  the  contrary,  Dr.  B.  D.  Thomson  says, 
anim^  resin  is  distinguished  from  copal  by  its  read^  solubility  in  alcohol ;  and  that 
when  digested  in  cold  alcohol  a  portion  remains  unmssolved,  which  may  be  dissolved 
in  hot  cdcohol,  &om  which  it  ci^rstaUises  on  cooling.  Sir  B.  Kane  gives  0**H'*0 
(C^*B*'0),  as  the  compositioVi  of  this  gum-resin. — See  'Watts's  Dictionary  of  Ohemistiy.' 

The  spedfic  gravity  of  the  different  specimens  of  anim^  varies  from  1*054  to  1*057. 
When  exposed  to  heat^  in  a  glass  retort  over  a  spirit-fiame,  it  softens,  and,  by  caieful 
management,  it  may  be  brou^t  into  liquid  fusion  without  discolouration.  It  then  ex- 
hales a  white  vapour  of  an  ambrosial  odour,  which  being  condensed  in  water,  and  the 
liquid  bdng  tested,  is  found  to  be  suodnic  add. 

It  is  extensively  used  by  the  varnish-makers,  who  ftise  it  at  a  prettjr  high  heat,  and 
in  this  state  combine  it  with  their  oils  or  other  varnishes.  It  is  also  employed,  on 
account  of  its  agreeable  smell  when  burning,  in  the  mnnufactnre  of  pastilles. 

Gum-anim6  is  sometimes  mistaken  for  amber,  but  the  fossil  resin  can  generally  be 
distinguished  by  its  greater  hardness.  The  gum-anim^  of  Zanzibar  is  a  semi-fossil 
resin,  believed  to  be  the  produce  of  a  spedes  of  Trachyldbwm* 

AWZSBaS.  {Anist  Fr. ;  Anis^  Gter.)  llie  fruit  or  seed  of  the  Pm^uuUa  onwum, 
largely  cultivated  in  Malta,  Spain,  and  Germany ;  used  in  the  preparation  of  the  oil 
of  anise  {oleum  anin),  the  spirit  of  anise  (i^ritus  aniH)t  and  amse-water  (aqua  anis^. 
It  is  also  used  in  cordials.  In  1855,  968  cwts.  were  imported.  The  oleum  oadiatUy  or 
the  oil  of  star  aniae  (illioium  aniaaium)t  has  the  colour  and  taste  of  the  oil  of  anise ; 
but  it  jffesenres  its  fluidity  at  85*6^  F.  It  is  sometimes  fraudulently  substituted  for 
oleum  iiftiw.-— xWYMiti* 

JkMMMtL  A  liquid  measure  of  Amsterdam,  which  contains  82  gallons  English. 
During  the  war»  when  communication  with  Holland  was  constant,  and  sailors  and 
soldiers  were  constantly  passing  horn  one  country  to  the  other,  the  anker  was  as  oom- 
monly  usedas a  measure  in  our  seaports  as  in  those  of  Holland.  Theanker  of  brandy 
was  frequently  smuggled  into  this  country. 

AVinULXiIira  or  VSAZiZWCk  {Le  recuit,  Fr.  t  doe  Jnlasaen,  Ger.)  A  process 
by  which  glass  is  rendered  less  frangible;  and  metals  which  have  become  brittle, 
either  in  consequence  of  fusion  or  long-continued  hammering,  are  again  rendered 
xnalleable.  When  a  glass  vessel  is  allowed  to  cool  immediately  after  being  made,  it 
will,  if  a  small  splinter  of  fiint,  or  an  angular  fragment  of  quartz,  is  dropped  gently  into 
it,  fiy  to  pieces  with  great  violence,  sometimes  immediately,  sometimes  after  a  few 
minutes.  This  extreme  fragility  is  prevented  by  annealing,  or  pladng  the  vessels 
in  a  hot  oven,  where  they  take  several  hours,  or  even  some  days,  to  cool. 

Similar  ^enomena  are  exhibited  in  a  higher  degree  by  glass-tears,  or  Prineo 
Bnpert's  drops,  produced  by  letting  drops  of  melted  glass  Ml  into  cold  water.    Their 
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fbm  tmimVim  Chat  of  a  pear,  rotmded  at  one  extremity,  and  tapering  to  a  yeiy 
slander  tail  at  the  other.  If  a  part  of  the  tail  be  broken  off,  the  whole  drop  flies  to 
pieces  with  a  loud  explosion ;  and  yet  the  tail  of  a  drop  may  be  cnt  away  by  a  glass- 
cntter's  wheel,  or  the  thick  end  may  be  struck  smartly  with  a  hammer,  without  the  fear 
of  sustaining  any  ii^juir.  When  heated  to  redness,  and  permitted  to  cool  gradually  in 
the  open  air,  ther  lose  these  peculiarities,  and  do  not  differ  sensibly  from  common  glass. 

The  peculiar  brittleness  of  unann^ed  glass  is,  1^  many  manufacturers,  referred  to 
the  following  conditions.  Tbe  exterior  siuface  of  the  glass  cooling  quicker  than  the 
layers  of  glass  beneath,  the  two  portions  of  glass  are  supposed  to  be  in  different 
degrees  of  tension ;  as  they  technically  express  it,  a  atretcMaskin  qf  glass  is  formed ; 
and  as  the  arran^ment  of  the  particles  is  different  in  this  film  from  their  disposition 
in  those  parts  which  have  cooled  more  slowly,  there  is  a  constant  tendency  to  fracture, 
the  slightest  scratch  upon  this  '  skin  'disturbing  the  entire  molecular  arran^ment 

If  any  mass  of  glass  or  of  metal  cools  rapidly,  there  will  be,  according  to  the 
thickness  of  the  mass,  a  greater  or  lees  difference  between  the  arrangement  of  the 
constituent  particles  on  the  outer  and  inner  sections.  The  process  of  annealing 
secures  an  equal  arrangement  throughout  the  mass. 

When  metals  have  been  extended  to  a  certain  degree  under  the  hammer,  thoy 
become  brittle,  and  incapable  of  being  further  extended  without  cracking.  In  this 
ease  the  workman  restores  their  medleability,  sometimes  by  annealing,  or,  in  other 
eases,  by  heating  them  red-hot  and  allowing  them  to  cool  slowly.  The  rationale  of 
this  process  seems  to  be,  that  the  hammering  and  extension  of  the  metal  destroys 
the  land  of  arrangement  which  the  particles  of  the  metal  had  preyious  to  the  ham- 
mering; and  that  the  anneaUng^  by  softening  the  metal,  enables  it  to  recover  its 
original  structure. 

Of  late  JGSOB  a  mode  has  been  discoTered  of  rendering  cast-iron  malleable,  without 
subjecting  it  to  the  action  of  puddling.  GHie  process  is  somewhat  similar  to  that 
employed  in  annealing  glass.  The  metal  is  kept  imbedded  in  ground  charcoal,  or  in 
powdered  haematite,  for  several  hours  at  a  high  temperature,  ana  then  allowed  to  cool 
slowly.  In  this  manner  vessels  are  made  dT  cast-iron  which  can  sustain  considerablo 
liolence  without  being  broken.  See  Ibon,  Mat.t.babt.h. 
>  at  AVATTO*    See  Abnatto. 

A  lime  felspar.    See  Felspab. 
OBW  is  used  occasionally  for  ornamental  knife-handles.    See 

HOHW. 

AMTMMJkCWnL  (?*B}*  (C^*m^*y  A  hydrocarbon,  known  also  as  paranaphtha- 
line,  discovered  by  J.  Dumas  m  1831.  It  has  become  of  considerable  commercial 
importance  since  Messrs.  Gh»ebe  and  Liebermann  discovered,  in  1869,  that  anthracene 
could  be  converted  into  a  valuable  colouring-matter  identical  with  the  natural  alizarine 
of  the  maddef-iHwt. 

Anthracene  is  produced  in  the  dry  distillation  of  coal,  bituminous  shale,  or  wood ; 
and  is  found  in  the  heavy  semi-fiuld  portion  of  the  tar  which  comes  over  towards  the 
dose  of  the  distillation.  The  substance  known  as  'green  grease,'  obtained  by  dis- 
tilling coal-tar,  and  used  as  a  common  lubricating  agent  for  machinery,  contains  about 
20^  per  cent,  of  anthracene  associated  with  naphthaline  and  other  hydrocarbons.  From 
this  product,  crude  anthracene  may  be  obtained  by  the  use  of  the  hydro*^xtractor, 
and  by  submitting  the  raw  product  to  strong  pressure.  The  crude  anthracene  is 
|)urified  by  solution  in  hot  coal-tar  naphtha  and  repeated  recrystallisation.  A  yellow 
tint,  due  to  the  presence  of  chrysogen,  may  be  expelled  by  exposure  to  sunlight,  and 
the  anthracene  is  finally  jmrified  from  any  other  nydrocarbons  by  boiling  with  alco- 
holic picric  acid.  

Thus  obtained,  the  pure  anthracene  appears  in  small/well-defined,  lustrous  crystalline 
laminae  of  a  dear  white  colour,  and  exhibiting,  when  pure,  a  beautiful  violet  fluo- 
rescence. The  specific  gravity  of  anthracene  is  1*149.  It  melts  at  about  416^  F., 
and  sublimes  at  higher  temperatures.  Anthracene  is  insoluMe  in  watery  but  readily 
soluble  in  boiling  alcohol,  m  ether,  benzole,  volatile  oils,  and  bisulphide  of  carbon. 
By  prolonged  exposure  to  light  it  passes  into  an  isomeric  modification  known  as 
parantkracene*  Under  the  influence  of  oxidising  agents  it  is  converted  into  anthra" 
gtwions,  from  which  artificial  alizarine  may  be  prepared.    See  Alsbabims. 

JLMTMMJkOWMMmWMl^*    A  name  for  artifidal  alizarine.    See  Alisabimb. 

JLM  TJUUkOZra.  (Mpai,  coal.)  A  variety  of  coal  containing  a  larger'  propor- 
tion of  carbon  and  less  bituminous  matter  than  common  coaL — De  la  Bsche, 

'We  see  the  same  series  of  coal-beds  becoming  so  altered  in  their  horizontal 
range,  that  a  set  of  beds  bituminous  in  one  locality  is  observed  gradually  to  change 
into  anthracUic  in  anoUier.  Taking  the  coal-moosuros  of  South  Wales  and  Monmouth- 
shire, we  have  a  series  of  accumulations  in  which  the  coal-beds  become  not  only  more 
anthradtic  towards  tha  west,  but  also  exhibit  this  diange  in  a  plane  whidi  may 
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be  considered  as  dippng  ^S&  at  a  moderate  angle,  the  anxo«nt  of  wMch  is  not  jtk 
dearly  asoertained,  so  that  in  the  natural  sections  afforded  we  have  bituminous  coals 
in  the  high  grounds  and  anthracitic  coals  beneath.  This  fact  is  readily  observed 
either  in  the  Neath  or  Swansea  valleys,  where  we  have  bituminous  coals  on  the  south 
and  anthracite  on  the  north ;  and  more  bituminous  coal-beds  on  the  heights  than 
beneath,  some  distance  up  these  yalloys — ^those  of  the  Nedd  and  Tawe.  Though  the 
terms  bituminous  coal  and  anthracite  haye  been  applied  to  marked  differences,  the 
changes  are  so  gradual  that  there  is  no  sudden  modification  to  be  seen.  To  soma 
of  the  intermediate  kinds  the  term  *  free-burning '  has  been  given,  and  thus  three  chief 
di£forences  have  been  recognised.' — Memoirs  of  the  Geological  Survey, 

The  term  Culm  is  apj^hed  both  to  an  inferior  kind  of  anthracite  only  worked  for 
making  lime,  or  for  mixing  with  clay,  and  to  tiie  small  pieces  of  good  anthracite  ob- 
tained in  working  the  true  anthracite  beds.  It  is  also  called  Blind  Coal,  Glanoe  Coal, 
and  Kilkenny  Coal, 

The  term  Culm  is  applied  generally  to  anthracite  in  our  parliamentary  returns. 

There  are  three  very  distinct '  tn^des '  in  anthracite.  There  is,  first,  that  where 
the  coal  is  sold  exactly  as  it  is  worked,  *  through  and  through,'  as  it  is  termed,  or 
Through  Culm,  which  is  used  entirely  for  lune-buming.  This  c»al  is  not  of  so  pure  a 
kind  as  that  from  which  the  large  coal  is  picked  out,  and  is  sometimes  called  Bastard 
Stone  CoaL  The  trade  in  the  SfeafJi  district  is  entirely  of  this  kind.  In  Swansea 
and  Llanelly  it  is  partly  of  this  Und,  and  partly  of  the  kind  where  the  large  coal  is 
picked  out,  and  sold  as  Stone  Coal  for  the  vanous  purposes  to  which  that  coal  is 
applied,  leaving  the  small  to  be  shipped,  also  for  lime-burning  purposes,  under  the 
name  of  Stone  Coal  Culm,  In  Pembrokeshire  no  *  through  culm  is  shipped.  There 
is  one  curious  lot  of  4,000  tons  annually  shipped  in  Swansea  under  the  name  of  Lamlh 
skin,  which  is  almost  dust ;  it  is  sent  to  one  market — Cardiganshire,  where  it  is  used 
entirely  for  mixing  with  clav ;  the  mixture,  under  the  name  of  Fireballs,  being  used 
for  household  purposes.  This  mixture,  made  of  the  ordinary  Stone  Coal  Ctdm,  is  also 
very  commonly  used  in  parts  of  Pembrokeshire  and  Gaermarthenshire. 

Anthracite  coal  is  obtained  in  the  western  divisions  of  the  South  Wales  coal-field, 
at  Bideford  in  Devonshire,  at  Walsall  in  Staffordshire,  in  Ireland,  and  in  Scotland^ 
in  Switzerland,  Savoy  and  Italy.  Commencing  at  the  top  of  the  Neath  valley,  and 
following  the  north  crop  of  the  South  Wales  coal-field  downwards  to  Kidwelly,  from 
east  to  west,  there  are  48  anthracite  collieries — and  in  Pembrokeshire  there  are  16 
of  these  collieries.  It  is  found  abundantly  in  America.  Professor  H.  D.  Roger's 
'Transactions  of  American  Ckologists '  states  that  in  the  great  Ap^achian  coal-field, 
extending  720  miles,  with  a  chief  breadth  of  180  miles,  the  coal  is  bituminous  towards 
the  western  limit,  where  it  is  level  and  unbroken,  becoming  anthracitic  towards  the 
south-west,  where  it  is  disturbed.  Anthracitic  coal  is  also  found  in  the  coal-fields  of 
France,  especially  in  the  departments  of  Is^re,  the  High  Alps,  Gard,  Mayenne,  and  of 
Sarth ;  about  42,271*000  kilogrammes  (of  2*2046  avoirdupois  pounds  each)  are 
produced  annually.    Anthracite  is  also  raised  in  Belgium. 

The  following  analyses  of  bituminous  and  anthracite  coals  will  sufficiently  show  the 
dififorences:— 


LooaitT 

Name  of  Goal 

CMton 

Tolatne 
Hatter 

Ashes 

BimOKOTTS 

Birtley  Works,  New- 

casUe-on-Tyne      . 

60-50 

35-50 

4-00 

Al&eton,  Derbyshire 

52-46 

42*50 

2-04 

Aktuuaoitb 

Neath  Abbi^    . 

Pwlferon  Vein,  5th  bed 

01-08 

8-00 

0-92 

Swansea  . 

Peacock  Coal      . 

89-00 

7-50 

3-50 

Ystalyfera 
Cwm  Neath 

Brass  Vein 

92-46 

6-04 

1-50 

]^ine-feet  Van    . 

93-12 

5-22 

1-50 

France     . 

Anthracite,  common 

79-15 

7-37 

13-25 

»»         •        ' 

C6te-d'0r  . 

82-60 

8-60 

8-80 

If         *        * 

Mais  Saize  . 

88-80 

7-50 

9-50 

Pennsylvania 

Beaver  Meadow  . 

92-80 

6-42 

1-28 

„ 

Shenoweth  Vein  . 

94-10 

1-40 

4-50 

tt 

Black  Spring  Qap 

80-57 

7-15 

3-28 

It 

Neal^s  Tunnel . 
Mansfield  Mine  . 

89-20 

5-40 

5-40 

Massachusetts 

97-00 

... 

300 

Rhode  Ishknd 

Portsmouth  Mine 

86-84 

10-50 

3-66 

Westphalia 

Sdiafberg,  Alexander  Seam 

82-02 

8-69 

9-29 
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Anthncitd  is  not  sn  original  Tariety  of  coal,  but  a  modification  of  tbo  tome  beds 
which  remain  bituminona  in  other  parts  of  the  region.  Anthracite  beds,  therefore, 
are  not  sepaiate  deposits  in  another  sea,  nor  ooal-measores  in  another  area,  nor  inter- 
polations among  bituminous  coals ;  but  the  bituminous  beds  themselves,  altered  into 
tt  natural  coke,  6om  which  the  Tolatile  bituminous  <h1s  and  gases  have  been  driven 
off— t/:  P.  Leiiey,  an  Coal, 

Anthracite— now  exclusively  used  for  iron-making,  steam-engines,  and  for  domestic 
purposes  in  the  United  States— was  some  60  years  since  z^guded  as  incombustible 
refuse,  and  thrown  away, 

Princ^^  LooaUtia  qfJntkracUe  and  AnthracUio  OhU,  ^e. 


SpeoUio 

Wdghtof* 
CubloYaxdinlbs. 

SUBOPB. 

Gravity. 

South  Wales  :-~Swansea  •       ,       •       . 

1*263 

.     2131 

^rthlk 

1-387 

.    2266 

1*364 

.    2284 

Average       j 

1-446 

.    2278 

Ireland,  mean  . 

1-446 

.    2376 

France,  AUier  . 

1-880 

.    2207 

Tantal     . 

1-390 

.    2283 

Biassac 

1-430 

.    2413 

Belgium:— Hons 

1*307 

.    2106 

Wes^>halia       . 

1-306 

.    2278 

Prussian  Saxony 

1*466 

.    2474 

Saxony     .        , 

1*300 

.    2193 

Avem^  <^  Europe         • 

f 

.    2281 

Pennsylvania: — ^Lykens  Valley'        •       • 

1-827 

.    2240 

Lebanon  ca,  grey  vein     . 

1*379 

.    2327 

Schuylkill  oo.,  Lorbeny  Creek  . 

1*472 

.    2484 

Plottsville,  Sharp  Mountain 
n        Peach     . 

1*412 

.    2382 

1*446 

.     2440 

Salem  Vein     . 

1*674 

.    2649 

Tamaqua,  north  rein       • 

1-600 

.    2700 

Manch  Chunk 

1-660 

.    2616 

Kesquehoning .    -   •    *   •    * 
Wilkesbarre,  best    . 

1-668 
1-472 

• 

.     2646 
.        .    2884 

WestMahoney     *    . 

1-871 

.    2313 

Beaver  Meadow 

1-600 

.    2700 

Oiraxdville       .       . 

1-600 

.    2700 

Hazelton. 

1*660 

.    2616 

Broad  Mountain     . . 

1*700 

.    2869 

Lackawanna  .  .       .     .  • 

1*609 . 

.    2716 

Massaehusetto:— Mansfield      .     ..     .. 

1*710 

.    288;} 

Bhode Island:— Portsmouth  .  .     .  •     .  . 

1*810 . 

.    3064 

4oerage  ui  United 

Statu 

•               1     •               ■      • 

««11a. 

.    26QI 

Dr.  F^'s  experiments  to  compare  Scotch  and  English  bituminous  coals  with  anthracite, 
in  regud  to  their  evaporative  power,  in  a  high-pressure  boiler  of  a  4-horse  engine 
having  a  grate  with  8*16  square  feet  of  surface ;  also  in  a  ^raggon-shaped  copper 
boiler,  open  to  the  air,  surface  18  feet,  grate  1*66. 
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W 
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9 

45» 

w 

li 

1 

MIddterig  Sootoh 

81*88 

6-68 

7-74 

lOiX) 

44-37 

Prennrenibs. 

ooftU 

peraq.inoh. 

Scotch  oool,  dif. 

106 

8 

170 

8-83 

8*89 

18*38 

88-88 

,, 

Ditto. 

toent  Ttttoty 

frompcecediog 

AXTHBACITB       . 

47-«4 

SI 

48 

8-78 

10*10 

8-88 

76-oe 

,, 

Ditto. 

Scotch  ooal,  from 
netrBdinboigh 

8*94 

80 

8-88 

8-90 

8-81 
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ANTHRACITE 


Space  will  not  admit  of  our  entering  folly  into  the  question  of  the  eyaporatiTe  power 
of  antluncite ;  but  its  advantages  under  certain  condidona  are  fully  established. 

In  this  country  anthracite  <»al  is  used  in  the  xnanufiicture  of  iron  in  the  following 
liimaces:— 

Ystalyfera  in  Olamorganshire        .        •        .11  Aimaces  in  blast  in  1871 
Ynisoedwyn  in  Brecknockshire       ...    2  „  „ 

The  quantity  of  anthracite-iron  made  in  1871  being  34,761  tons. 
The  following  table  shows  the  progress  of  production  in  America  of  anthracite  from 
1862  to  1871  indusiye,  from  Schuylkill,  Lehigh,  and  Wyoming: — 


Yean 

Tons 

Yean 

Tom 

1862 
1863 
1864 
1865 
1866 

7,387.422 
9,187.588  • 
9,657,723 
8.814,995 
10,498,970 

1867 
1868 
1869 
1870 
1871 

11,725,588 
12,912,751 
12,746,938 
14,266,190 
13,855,307 

Mr.  P.  W.  Sheafer,  in  an  address  retently  delivered  to  the  students  of  the  Pardee 
Scientific  Department  in  Lafayette  College,  sa^  :«- 

*  In  our  estimates  of  the  areas  df  the'anthlaate'coal-flelds  of  Pennsylvania,  we  place 
that  of  the 

Southern  coal-field  at       .        :        .        :        .        .    146  square  miles 
Of  the  ShamoUn  district ::.;..      50  „ 

Of  the  Mahan<%  district  i        ^        ....      41  „ 

Of  the  Ubper  Lehigh  field        .        .        .        ;        .      35  ., 

Of  the  Wyoming  and  Lackawanna  field    •    .    r       .198  „ 

'  Total,    470  square  miles, 

or  300,800  acres. 

*  Averaging  the  total  coal  thickness  of  the  southern  coal-field  at  75  feet,  and  that  of 
the  middle  and  northern  fields  at  45  feet,  we  have  a  total  content  (one  cubic  yard 
equalling  one  ton)  of  say 26,861,076,000  tons 

Deduct  one-half  for  waste  in  mining,  preparing, 
and  faults       •        .        • 13,180,538,000  tons 


and  we  have  a  net  result  of .        •        •        .        •    13,180,538,000.  tons 
*  The  amount  mined  fiK>in  1820  to  1870,  the  first  fifty  years  of  the  anthracite  coal- 
trade,  was  206,666,825  tons ;  so  that  we  have  yet  in  store  12,973,878,675  tons.    The 
progress  of  our  coal-trade  is  thus  shown : — 

In  1820  the  production  was  .        .        .        »       »       •  865  tons 

from  1820  to  1880    » 


1830  to  1840 
1840  to  1850 
1850  to  1860 
1860  to  1870 


583,194 

6,406,711 

15,952,893 

42,088,644 

50,387,354 


'  The  production  of  anthracite  coal  in  Pennsylvania  in  the  year  1872  was  unpre- 
cedontly  liu^,  as  will  bo  seen  by  the  following  Table,  illustrating  the  progress  of 
the  extraction  year  by  year  during  the  last  thirty  years : 


Year 

Tons 

Year 

Tons 

1843 

1,268.598 

1858 

6,839,369 

1844 

1,630,850 

1859 

7,808,255 

1845 

2,013,013 

1860 

8,513,123 

1846 

2,344,005 

1861 

7,954,264 

1847 

2,882,309 

1862 

7,869,407 

1848 

3,089,238 

1863 

9,566,006 

1849 

8,242,966 

1864 

10,177,475 

1850 

8,858,899 

1865 

9,652,391 

1851 

4,448,916 

1866 

12,703,882 

1852 

4,993,471 

1867 

12,988,725 

1853 

5,195,151 

1868 

13,834,132 

1854 

6,002,884 

1869 

18,723.030 

1855 

6,608,567 

1870 

15,849,899 

1856 

6,927,580 

1871 

15,113,407 

1857 

6,644,941 

1872 

18,400,000 
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A  oolonring-matter  recently  obtained  by  Mr.  W.  H. 
Perkin  from  oommeicisl  artificial  alizarine.  The  crude  alizarine  is  dissolTed  in 
dilute  solution  of  carbonate  of  soda,  and  the  product  well  agitated  with  freshly- 
precipitated  alumina,  which  combines  with  the  alizarine,  leaving  the  anthiapnrpnrm 
in  solution.  This  solution,  haying  been  filtered  and  heated  to  the  boiling  point,  is 
acidified  with  hydrochloric  acid,  whereby  the  colouring-matter  is  precipitated ;  this 
may  be  purified  by  repeated  boiling  in  alcohol. 

As  a  dyeing  agent  anthrapurpurin  greatly  resembles  alizarine,  giving  red  colours 
with  alumina,  and  purple  and  black  with  iron  moidants.  The  shades  of  colour,  howevor, 
are  difiS)rent  with  the  two  materials ;  the  anthrapurpurin  reds  being  much  purer 
and  less  blue,  whilst  the  purples  are  bluer  and  the  blacks  more  intense  than  those 
with  alizarine.    (See  *  Joum.  Chem.  Soc*  May,  1873.)  

AJm<^AiTTRITZOW«  or,  Ajm-VBXCTZOW  COIIVOSXTZOW.  VazioiiS 
preparations  have  been,  from  time  to  time,  introduced  for  the  purpose  of  removing,  as 
mu^  as  possible,  the  friction  of  machinery.  Black  lead,  or  plumbago,  mixed  wiUi  a 
tenacious  grease,  has  been  much  employed.  Peroxide  of  iron,  finely  divided  hsmatite, 
6c,  have  also  been  used. 

AJi  T10HX4>K».  A  term  employed  by  bleachers  to  the  means  of  obviating  the 
pemiciotts  after-effects  of  chlorine  upon  the  pulp  of  paper,  or  stu£&,  which  have  been 
bleached  therewith.  Manufacturers  have  been  in  the  habit  of  using  sulphite  of  soda,, 
whose  action  upon  the  adhering  bleaching  salt^  which  cannot  be  removed  by  washing, 
gives  rise  to  the  formation  of  sulphate  and  hvdrosulphate  of  soda  and  chloride  tk 
sodium.    Chloride  of  tin  has  been  recommendea  by  some  chemists  for  this  purpose. 

Hyposulphite  of  soda  is  now  extemdvely  used  as  an  antichlore,  as  also  are  certain 
salts  of  lime,  as  sulphide  of  calcium, 

AVTZ-VXZOTXOV  naTAX.  Tin  and  pewter  are  often  employed  as  anti- 
friction metals  for  the  bearings  of  locomotive  engines.  One-half  of  eadi  tin  and  copper 
18  now  used  at  some  of  the  large  railway  works. 

Babbet's  metal  is  prepared  by  taking  about  fiffy  parta  of  tin,  five  of  antimony,  and 
one  of  copper. 

Tin,  or  pewter,  used  alone,  owing  to  its  softness,  spreads  out  and  escapes  under  the 
superincumbent  weight  of  the  locomotive,  or  other  heavy  machinery.  It  is  usual^ 
therefore,  to  add  antimony,  for  the  purpose  of  giving  these  metals  hardness. 

Fenton's  anti-friction  metal,  which  is  much  employed,  is  a  mixture  of  tin,  copfMr, 
and  spelter.  Its  advantages  are  stated  to  be  cneapness  in  first  cost,  low  specific 
gravity,  being  20  per  cent,  lighter  than  gun-metal ;  and  being  of  a  more  unctoous  or 
soapy  character  than  gun-metal,  lees  grease  or  oil  is  required. 

The  softer  metal  is  often  supported  by  brasses  cast  of  the  required  form,  the  tan 
aUoy  being  cast  upon  them.  The  brasses,  or  bearings,  being  properly  tanned^  and 
an  exact  model  of  the  axle  having  been  turned,  the  parts  are  heated,  put  together  in 
their  relative  positions,  luted  witJ^  plastic  clay,  and  the  fiuid  anti-friction  metal  poured 
in,  which  then  becomes  of  the  required  form,  and  eflbctually  solders  the  brass. 

The  following  compositions  are  recommended  to  railway  engineers  as  having  been 
employed  for  several  years  in  Belgium.  In  those  cases  where  the  objects  axe  much 
exposed  to  friction,  20  parts  of  copper,  4  of  tin,  0*5  of  antimony,  and  0*25  of  lead. 
For  objects  which  are  intended  to  resist  violent  shocks,  20  parts  of  copper,  6  of  tine, 
and  1  of  tin.  For  those  which  are  exposed  to  heat,  17  parts  of  copper,  1  of  sine,  0*5 
of  tin,  and  0*25  of  lead.  The  copper  is  added  to  the  fused  mass  containing  the  other 
metals.    See  Aixot  and  Kinoston's  Mbtal  ;  Amtdcomt, 

AMTT-OiroCHUati  A  small  syphon  of  metal,  which  is  inserted  into  the  mouth* 
of  casks,  or  large  bottles  called  carboys,  to  admit  air  over  the  liquor  contained  in 
them,  and  thus  to  facilitate  their  being  emptied  without  agitation  or  a  guggling 
noise. 

AMTIMOVT.  {Antvmoine,  Fr. ;  Antimony  8pie99ghmg  or  8pi£stffla$,  Ger.) 
SvmM  Sb.  (Stibium,  IaU);  Atomio  Weight,  122;  Bpecifia  Grawty,  6*715.  The  sul- 
phide or  sulphuret  is  the  only  ore  of  this  metal  found  in  sufficient  abundance  to 
be  largely  smelted,  and  therefore  forms  the  chief  and  most  common  source  of  the 
antimony  of  commerce,  and  of  the  greater  number  of  the  pharmaceutical  preparations 
of  thatmetaL 

Antimony  Glance,  AnUimonite,  SUbniie,  or  Grey  Antimony  Ore,  sometimes  occurs 
compact,  but  usually  in  very  long  prismatic  or  acicular  crystals,  or  in  a  fibrous  form. 
It  is  of  a  lead  or  steel-grey  colour,  sometimes  with  an  iridescent  lustre,  sectile  and 
flexible  when  in  thin  laminae.  It  may  be  distinguished  from  a  similar  ore  of  man- 
ganese by  its  perfect  diagonal  cleavage  and  easy  fusibility.  Qrey  antimony  is  com- 
posed of  antimony  72,  sulphur  28,  corresponding  to  the  formula  SbS"  (SbW>.  It  tomM 
readily  in  the  fiame  of  a  candle,  to  niiich  it  imparts  a  greenish  tinU  On  cnarooal,  in 
the  flune  of  a  blowpipe,  it  gives  out  a  strong  smell  of  milphur,  with  white  fumes,  and 
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yiildft  a  white  slag.    Whan  pore,  it  i»  perfioctljr  solable  in  muriatic  add.    Its  spedflc 
gzaTity  is  4*5. 

Tho  most  eelebmted  localities  of  this  ore  are  Felsobanya,  Schemnitz,  and  Kremnits, 
in  Hungary,  where  it  occurs  in  diverging  prisms  sereral  inches  long.  It  is  also 
fbund  in  the  Hartz,  at  Andreasberg;  in  Cornwall,  at  Fadstow  and  Tintagel;  at 
New  Cumnick,  in  Ayrshire;  in  Victoria  and  South  Australia;  and  abundantly  in 
Borneo. 

This  ore  was  called  by  the  andents  vKaTtfd^OaXftow — wkarrhs  broad  fBaXphs  tye 
— ^firom  the  use  to  which  it  was  applied  in  increasing  the  apparent  siz3  of  the  eye,  as 
is  still  practised  among  Oriental  nations,  by  staining  the  upper  and  under  edges  of  the 
eyelids.    It  was  also  used  as  a  hair-dye  and  to  colour  the  eyebrows. 

It  was  the  Lupus  Metallorum  of  the  aldiemists.  '  Crude  antimony '  is  obtained 
from  it  by  simple  fturion,  and  from  this  product  the  pure  metal  is  extracted. 

The  other  principal  ores  of  antimony  are  the  following : — 

NoHve  Jntimony  is  a  mineral  of  a  tan-white  colour  and  streak,  and  of  a  metallic 
Instre ;  it  sometimes  contains  mlyer*  iron,  and  arsenic,  with  which  last  it  is  com- 
monly associated.  It  is  brittle,  and  possesses  a  spedftc  mvity  of  6*62  to  6*72.  It  is 
generally  lamellar,  sometimes  botryoidal,  or  reniform.  Before  the  blowpipe  it  soon 
melts,  and  continues  to  bum  after  the  heat  is  removed ;  but  if  the  heat  be  continued, 
it  evaj^rates  in  white  ftoes,  and  is  redeposited  around  the  globule. 

Native  antimony  occurs  at  Sahlberg  in  Sweden,  Andreasberg  in  the  Hartf,  Allemont 
in  Dauphiny,  in  Mexico,  in  Borneo,  &c 

JUemontite,  or  Ar$mieal  Antimmy,    See  AnsEinc. 

DjfMoratUe,  or  AMtimonitd  Silver^  is  a  silyer-white  metallic  mineral  of  somewhat 
variable  composition,  containing  from  15  to  27  per  cent  of  antimony,  and  from  78  to 
85  per  cent  of  silver.  It  is  a  rare  mineral,  occurring  at  Andreasberg  in  the  Harts, 
at  Allemont  in  Dauphiny,  in  Bolivia,  &e, 

BreUhoMptite  or  Antinumial  Nickel  is  a  mineral  containing  67*5  of  antimony,  and 
82*5  of  nickel,  found  at  Andreasberg  in  the  Hartz. 

Oxides  of  Antimony. — Three  mineral  species  consist  wholly  of  native  oxides  of 
antimony-— the  result  of  the  alteration  of  grey  antimony,  native  antimony,  and  other 
ores  of  that  metaL  VaietUiniie,  teroxide  of  antimony,  or  antimonious  oxide,  SbC 
(SbH>*),  occurs  in  rectangular  plates  and  adcular  nrisms  belonpiing  to  the  orthoriiombic 
system.  It  possesses  a  shining  pearly  lustre  and  a  snow-white  colour,  but  is  some- 
tunes  pinkish,  or  ash-grey,  or  brownish.  It  afifords  a  white  streak.  It  is  composed 
of '  antimony  84*82,  oxygen  15*68.  Specific  gravity -5*56.  It  is  found  in  tabular 
crystals  in  veins  traversing  the  primary  locks  at  Pnibram  in  Bohemia,  near  Freiberg 
in  Saxony,  Allemont  in  I>Auphiny,  &c.  Senamumtite. — ^This  also  consists  solely  of 
teroodde  of  antimony  SbO*  (Sb'^^ ;  but  unlike  Valentinite,  crystallises  in  regiUar 
octahedrons :  hence  the  native  oxioe  is  dimorphous.  The  ciystals  are  colourless  or 
greyish,  with  a  resinous  or  subadamantine  lustre.  The  per-centage  composition  is, 
of  course,  the  same  as  that  of  Valentinite.  Senarmontite  occurs  in  the  province  of 
Constantino  .in  Algeria;  atPemick  in  Hungary;  atihidellion  in  Cornwall;  and  at 
South  Ham  in  Canada.  CenfanHte,  or  AnHnumy  Ochre, — This  is  an  oxide  containing 
Sb.  0*  (SbH>^),  probably  a  combination  of  antimonious  and  antimonic  oxides  (SbO*  + 
SbO*).  It  occurs  as  a  crust  or  powder,  or  in  acicular  crystals,  with  a  greasy  or  earthy 
lustre,  and  of  a  pale  yellow  or  nearly  white  colour.  Specific  gravity « 4*08.  It  is 
found  at  Cervantes,  in  Spain ;  in  Hungary,  and  the  Auvergne. 

Sed  Antimony  (KermesiU)  is  a  compound  of  oxide  of  antimony  80*2,  and  sulphide 
of  antimony  69*8 ;  or  antimony  74*45,  oxygen  5*29,  and  sulphur  20*49.  It  occurs 
generally  in  capillary  six-ndod  prismatic  crystals  of  a  cherry-red  colour,  a£Rnding  a 
brownish-red  streak.  It  has  a  specific  gravity  of  from  4*5  to  4*6.  It  is  feebly  trans- 
lucent and  possesses  an  adamantine  lustre.  It  occurs  at  Malaczka  in  Hungary, 
BrSunsdorf  in  Saxony,  and  at  Allemont  in  Dauphiny. 

Antimony  also  occurs  in  a  large  number  of  other  minerals,  which  are  for  the  most 
part  double  sulphides,  such  as  Jamesonite,  ZindLcnite,  Boumonite,  Plumoeite,  Bou- 
langeiite,  Wolfsbergite,  Pbnabase,  Berthierite,  Miargyrito,  Pyraigyrite,  &c 

AssATOfo  ov  ANTnf ONT  Obbs. — ^The  chief  mineral  or  ore  whichhas  to  be  submitted 
to  assay  is  the  sulphide  of  antimony  (SbS*),  sometimes  the  oxides  of  antimony  (SbO*, 
SbO\  and  SbO*),  and  occasionally  native  antimony. 

L  Stdphide  of  Antimotw, 

(a,)  BSttinuttion  of  the  Sulphide  of  Antimony  when  it  oocun  intermixed  with  mare  or 
leee  ^  tisM^i^— About  2,000  to  7|000  grains  of  the  ore  are  broken  into  fragments 
from  about  J  to  1  inch  in  diameter,  so  as  to  produce  as  littie  dust  as  possible.  Two 
emdbles  are  selected,  so  that  the  bottom  of  tiie  upper  one  can  be  inserted  into  the 
mouth  of  the  lower  one  to  the  extent  of  about  1  inch ;  a  hole  is  made  in  the  bottom 
of  the  upper  emdble.    This  hole  is  partially  dosed  by  phdng  over  it  a  small  lump 
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of  the  ore  or  a  fimgmtfnt  of  charooaL  The  ore  ia  tjien  introduced  ;*  portions  of  charcoal 
about  the  siae  of  Uie  ore  being  intermixed  dnHne  the  charg^ng»  the  fine  ore  phiced  ou 
top,  a  layer  of  charcoal  afterwards  added,  and  the  crucible^^Ter  fitted  and  well 
luted  down*  The  bottom  of  the  pot  thus-charged  is  inserted  into  the  mouth  of  the 
lower  one*  Heat  is  now  applied ;  the  two  pots  thus  arranged  being  placed  so  that 
the  lower  pot  is  under  the  bars  of  the  furnace  and  the  upper  one  surrounded  with  hot 
fuel.  The  temperature  should  be  carefully  regulated,  and  the  operation  completed  in 
about  1  to  1|  hours.  When  cold,  the  liquat^  regulus  or  sulphide  of  antimony  will 
be  found  in  the  lower  crucible,  and  from  its  weight  the  per-centage  of  pure  ore  con* 
tained  in  the  sample  operated  on  can  be  calcidated.  The  regulus  should  be  well 
fused,  bluish  gr^y  in  colour,  and  the  fracture  bright  and  fibrous-crystalline.  When 
pore,  sulj^de  of  antimony  contains  71*76  per  cent  of  metallic  antimony ;  so  that,  if 
dorirable,  from  the  weight  of  the  regulus  obtained  the  quantity  of  metal  in  the  sample 
operated  on  can  readily  be  calculated.  The  residual  yein-stuff  in  the  u]^per<aracible 
should  be  examined,  to  see  that  it  is  practically  free  fropi  sulphide  of  antimony. 

(b,\  AwK^of  Ore  rich  in  Sulphide  qfAnHmony,  or  Begulus  obtained  by  Liquation  (a) 
or  otherwise,  by  roasting,  jv, — 100  to  500  grains  of  the  finely  powdered  ore  are  placed 
in  a  crucible  or  roasting-dish,  and  roasted  at  a  very  low  and  carefully  regulated 
temperature,  with  frequent  stirring,  especially  at  the  first  part  of  the  operation,  so  as 
to  prevent  clogging  or  loss  from  antimony  fume  being  given  off  The  roasted  product^ 
which  is  generally  grey  or  greyish  white  in  colour,  is  then  mixed  with  carbonate  of 
soda  and  charcoal  powder,  or  tartar,  or  with  black  fiux,  and  the  assay  made  as  for  oxide 
of  antimony. 

(c)  By  Cyanide  of  Potassium, — ^With  100  to  200  grains  of  the  finely  powdered  ore  are 
mixed  about  four  tames  its  weight  of  coarsely  p(^orod  cyanide  of  potassium,  the 
mixture  transferred  to  a  crucible,  and  the  whole  submitted  to  a  low  red  heat  for  about 
20  to  30  minutes.  The  fused  contents  are  poured  out  into  a  mould,  and  when  cold 
the  slag  detached  and  the  button  of  metallic  antimony  weighed.  It  should  be  bright^ 
bluish  white,  brittle,  and  break  with  a  largely  dystalline  fimcture. 

IL  Oxides  of  Antimony, 

(a,)  By  Carbonate  of  Soda  and  Carbon, — 100  to  500  grains  of  the  finely  powdered 
ore  are  mixed  with  from  300  to  500  grains  of  carbonate  of  soda,  and  from  20  to  50 
grains  of  charcoal  powder,  and  the  mixture  submitted  in  a  crucible  to  a  temperature 
gradually  increasing  to  a  red  heat  at  the  end  of  from  20  to  30  minutes.  Wnen  the 
fused  contents  are  tranquil,  it  is  poured  out  into  a  mould,  and  when  cold  the  slag 
cautiously  detached,  and  the  button  of  antimony  cleaned  and  weighed. 

(6.)  By  Cyanide  qf  Potassium, — 100  to  200  grains  of  the  ore  are  weighed  and 
mixed  with  about  four  times  its  wei^t  of  c^nide  of  potassium,  and  from  20  to  30 
grains  of  charcoal  powder,  the  whole  exposed  in  a  crucible  to  a  low  red  heat  for  about 
20  to  30  minutes,  and  the  process  completed  as  before  described  for  the  assay  of 
sulphide  of  antimony  with  cyanide  of  potassium* 

Professor  Henry  Bose,  of  Berlin,  in  a  memoir  on  the  natural,  not  oxidised,  com- 
binations of  antimony  and  arsenic,  gives  the  following  analyses : ' — 
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Silver 

Copper 

Iron  .        i 

Lime. 

Arsenic 

22-68 
44*39 
81-84 

0*42 
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21-95 
39*14 

... 
36*40 
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0-62 

••• 
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22*15 
34*40 
40*75 

0*13 
2*30 
... 

22-58 

34-9 

36-71 

0-19 
2-65 

••• 

10*72 
31*04 
46*87 

i**80 
008 
... 

16-42 
14-68 

68-54 
0-64 
.»• 

20-31 
26-28 
40-84 

12-65 
••• 

••• 

1704 
5-09 

64*29 
'9-23 
006 

3-74 

99-23 

9917 

99-73 

96*17 

9901 

100*28 

100*08 

100-15 

1.  ZinJkenite,  from  Wolfsberg,  in  the  Eastern  Hartz. 

2.  Miargyrite,  firom  Braunsdorf,  in  Saxony. 

5.  Plumose  Grey  Antimany,  from  Wolfsbeig,  in  the  Eastern  Hartz. 

6.  Brittle  Silver  Glance,  from  Schemnits,  Hungary. 

7.  Boumoniie,  from  the  Bfaffenberg  mine,  Eastern  Hartz.                              j 

8.  Polybasite,  from  Mexico.                                                                               1 

>  Brtwsttr'sBaint  Joam«1|«8W;  FO8g.A9n.zf* 
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Mbtallvbot  of  AmncoKT. — In  treatang  coTtain  ores  to  obtain  the  metal,  the  first 
object  is  to  separate  ^e  gangae,  which  was  formerly  done  by  filling  cradbles  with  the 

^  mixed  materials,  placing 

•  ^  '*  them  on  the  hearth  of  an 

07en,  and  exposing  them 
to  a  moderate  heat.    As 
the  snlphide  easily  melts, 
it  runs  ont  through  a  hole 
'     in  the  bottom  of  the  cru- 
cible into  a  pot  placed 
,     beneath,  and  out  of  the 
3  reach  of  the  fire.    But 
the  great  loss  from  the 
breakage  of  the  crucibles  has  caused  another  method  to  be  adopted  In  this,  the  broken 
ore,  being  sorted,  is  laid  on  the  bottom  of  a  concave  reverberatory  hearth,  where  it  is 
zednoed. 

Figs,  71  and  72  represent  a  wind  or  flame  fhrnace,  for  the  reduction  of  anti- 
mony. The  hearth  is  formed  of  sand  and  clay  solidly  beat  together,  and  slopes  from 
all  sides  towards  the  middle,  where  it  is  connected  with  the  orifice  a,  which  is  closed 
with  dense  coal-ashes ;  b  is  the  air-channel  up  through  the  bridge ;  c,  the  door  for 
introducing  the  prepared  ore,  and  running  off  the  slags ;  d,  the  bridge ;  e,  the  grate ; 
/,  the  fire  or  fuel-door ;  g,  the  chimney.  With  2  or  8  cwts.  of  ore,  the  smelting  pro- 
cess is  completed  in  ^m  8  to  10  hours.  The  metal  thus  obtained  is  not  pure' 
enough,  but  must  be  f^ised  under  coal-dusii,  in  portions  of  20  or  30  pounds,  in  crucibles 
placed  upon  a  reverberatory  hearth. 
At  Malboac,  in  the  department  of  Ard^e,  in  France,  the  separation  of  the  suljphide 
^n  of  antimony  from  ite  associated  gangue  is,  or 

was,  efifected  by  means  of  a  pec^ar  appara- 
tus (Jig,  73).  The  mineral  is  placed  in  large 
retorto,  bb,  of  which  four  are  set  in  each 
furnace.    An  aperture  is  left  at  the  bottom 
of  each  of  these  cylinders,  which  corre- 
sponds with  a  similar  opening  by  which  they 
are   supported.      Beneath    these,    in   the 
cliambers,  c  c,  are  placed  earthen  pots,  p  f, 
in  which  is  received  the  melted  sulphide  as 
it  descends  through  the  openings  in  the 
cylinders.  The  ftiel  consumed  on  the  grate' 
consiste  of  fir-wood ;  and  the  sulphide  ob- 
teined  is  converted  into  metellic  antimony 
by  roasting  in  a  reverberatory  f\imace,  and 
subsequent  reduction  bv  a  mixture  of  20 
per  cent  of  powdered  charcoal  which  has 
been  saturatod  with  a  strong  solution  of  the 
carbonate  of  soda. 
"^     Metallic  antimony,  as  obtained  by  the 
preceding  process,  is  the  antimony  of  commerce,  but  is  not  absolutely  pure ;  con- 
taining frequently  minute  portions  of  iron,  lead,  and  even  arsenic,  the  detection 
and  separation  of  which  belong  to  the  province  of  analytical  chemistry;    but 
considerable  purity  may  be  secured  by  repeatedly  {using  the  metal,  mixed  with  a 
little  of  ite  snlphide  and  some  carbonate  of  soda,  in  a  crucible.    From  100  parts  of 
the  impure  metel  in  this  way  94  of  pure  antimony  are  obteined.    The  addition  of 
sulphide  serves  the  purpose  of  making  fluid  compounds  of  the  sulphides  of  iron,  arsenic, 
and  copper,  with  the  sodeu    Wohler  purifies  antimony  completely  l^m  arsenic  (not  from 
iron  and  copper^  by  defiagrating  10  parts  of  the  crude  ore  with  12  of  nitie  and  15  of 
carbonate  of  soda ;  washing  away  the  arsenic  salt,  and  then  smelting  the  residuary  anti- 
moniate  of  potesh  with  blade  fiux.    Lead  can  be  separated  only  by  the  humid  analysis. 
To  obtoin  antimony  free  from  iron,  it  should  be  ftised  with  some  antimonic  oxide 
in  a  crudble,  whereby  the  iron  is  oxidised  and  separated.    The  presence  of  arsenic 
in  antimony  is  detected  by  the  garlic  smell,  emitted  by  such  an  alloy  when  heated  at 
the  blowpipe ;  or,  better,  by  igniting  it  with  nitre  in  a  crudble ;  in  which  case 
insoluble  antimonite  and  antimonate  of  potesh  will  be  formed  along  with  soluble 
arsenate.    Water  digested  upon  the  mixture,  filtered,  and  then  tested  with  nitrate  of 
silver,  will  aSbrd  the  brown-red  predpitete  characteristic  of  arsenic  acid. 

According  to  Berthier,  the  following  materials  a£ford,  in  smelting,  an  excellent 
product  of  antimony.  From  100  parts  of  sulphide,  60  of  protoxide  of  iron  from  the 
shingling  or  rolling  mills  {Hdmmerscklag),  46  to  60  of  carbonate  of  soda,  and  10  of 


Digitized  by  VjOOQIC 


AKTMONT  199 

dianoal  powder,  from  66  to  70  parts  of  metallie  antimony  or  regains  should  be 
obtained.  Glauber  salts  may  be  nsed  adTantageonsly  instead  of  soda.  Another  for- 
mnla  is,  100  parts  of  sulphide  of  antimony,  42  of  metallic  iron,  and  10  of  dry  snl^diate 
of  soda.    The  product  thence  is  said  to  be  from  60  to  64  parts  of  metaL 

In  tito  worlu  where  antimonial  ores  are  smelted,  br  means  of  tartar  (argol, 
bitartrate  of  potash),  the  alkaline  sooriis  which  cover  tiia  metallic  ingots  are  not 
rejected  as  useless,  for  they  hold  a  certain  quantity  of  antimonial  oxide  in  combination 
—a  property  of  tbe  potash  flux  which  is  proptious  to  the  porilj  of  the  metal.  These 
soorise,  consisting  of  sulphide  of  potassium  and  antimonate  of  potash,  being  treated 
with  water,  undergo  a  reciprocal  decomposition ;  the  elements  of  tlie  water  act  on 
those  of  the  sul^de,  and  the  resnlting  alkaline  hydrosulphide  reacts  on  the 
antimonial  solution  so  as  to  form  a  species  of  kennes  mimeralt  which  precipitates. 
This  is  dried,  and  sold  at  a  low  price  as  a  yeterinary  medicine  luder  the  name  of 
kertmu,  hf  the  dry  waif, 

MetaUic  antimony  is  now  largely  obtained  from  the  native  sulphide  by  the  reducing 
action  of  iron.  A  quantibr  of  scrap-iron  or  of  lan-pUte  dipnings  is  throat  into  the 
molten  sulphide,  previously  separated  from  the  gangue,  and  the  antimonv  is  thus 
reduced,  with  formation  of  a  rejEpilus  of  pcotosulphide  c^  iron  (fer^us  sulphide).  The 
process  of  smelting  antimony  by  means  of  iron  resolves  itself  into  Uiree  distinct 
operations,  which  may  be  thus  deiscribed : — • 

1.  Singling, — ^A  charge  of  about  40  lbs.  of  the  ore,  broken  tip  into  pieces  each 
about  half  the  size  of  an  egp,  is  introduced  into  a  red-hot  crucible,  with  a  quanti^  of 
ila^  obtained  in  the  operation  of  doubling  at  a  previous  smelting.  Above  this  ore 
and  slag  is  placed  a  mass  of  refrise  iron,  oonsistixig  generally  of  tin-plate  in  the  form 
of  old  kettles  and  saucepans,  and  beaten  for  convenience'  sake  into  the  shape  of  a 
cone.  Assuming  that  the  ore  contains  from  60  to  56  per  cent,  of  antimony,  about  20 
lbs.  of  iron  woukl  be  added  to  the  quantity  of  ore  aiKl  slag  specified  above.  When 
the  charge  has  melted,  the  iron  cone  is  pressed  into  the  molten  mass,  and  the  reduction 
thus  efibcted  bv  action  of  the  metal  on  the  fused  snlphide.  The  crucible  is  then 
removed  from  tne  fire,  and  the  contents  poured  into  a  luge  conical  cast-iron  mould. 
On  the  cooling  of  the  mass,  a  button  of  erode  antimony  is  found  below  the  regains, 
from  whidi  it  is  readily  separated  by  a  tap  with  the  hammer. 

2.  Doubling, — ^The '  singles,'  or  buttons  of  metallio  antimony  from  the  first  melting 
are  sorted,  so  that  those  which  contain  an  excess  of  sulphur  may  be  melted  with 
those  which  have  an  excess  of  iron.  Seventy  or  eighty  pounds  of  these  sorted  singles 
are  put  into  a  craeible  with  a  little  salt-cake  (crude  sulphate  of  soda)  and  melted. 
This  re-n^ted  antimony  is  then  poured'  into  a  cast-iron  bowl,  where  it  solidifies,  and 
forms  the  product  known  as  *  bowl  metaL' 

8.  Boning  or  i^WficAtnj.--A  charge  of  from  60  to  70  lbs.  of  bowl  metal  is  Intro- 
dnced  into  a  red-hot  crucible,  with  a  pound  or  two  of  American  potash  and  about  10 
lbs.  of  slag  from  the  previous  refining.  When  melted,  the  mass  is  stirred  with  an 
iron  btf  ,  and  the  character  of  the  slag  adhering  to  the  stirrer  enables  the  workman  to 
judge  whether  the  refining  be  complete  or  no.  The  refined  metal  is  poured  into 
mo^ds,  where  it  slowly  cools  and  acquires  the  crystalline  structure  characteristic  of 
this  metal ;  to  favour  this  crystallisation  the  metal,  while  cooling,  is  covered  wiUi 


slag,  and  should  be  left  quite  undistarbed. 


was  shown  by  the  late  Dr.  Matthiessen  that  the  tendency  of  antimony  to 
crystallise  is  due  to  the  presence  of  a  small  proportion  of  impurity ;  antimony,  in  a 
pure  state,  cannot  be  readily  caused  to  crystallise. 

Antimony  is  a  brittle  metal,  of  a  ail^^  white  colour,  with  a  tinge  of  blue,  a 
lamellar  texture,  and  crystalline  fracture.  When  heated  at  the  blowpipe,  it  melts  with 
great  readiness,  and  difibses  white  vapours,  possessing  somewhat  of  a  garUc  smell.  If 
thrown  in  this  melted  state  on  a  flat  sheet  of  paper,  the  globule  sparkles  and  bursts 
into  a  multitude  of  small  spheroids,  which  retain  their  incandescence  for  a  long  time, 
and  run  about  on  the  paper,  leaving  traces  of  the  white  oxide  produced  during  the 
combustion.  When  this  oxide  is  rased  with  borax,  or  other  vitrifyins  matter,  it 
imparts  a  yellow  colour  to  it  Metallic  antimonv,  treated  with  hot  nitnc  acid  in  a 
concentoated  state,  is  converted  into  a  powder,  called  antimonious  add,  which  is  alto- 
gether insoluble  in  the  ordinary  add  menstrua — a  property  by  which  the  chemist  can 
separate  that  metal  from  iron  and  copper.  According  to  Bergmann,  the  spedfie 
gravity  of  antimony  is  6*86 ;  but  that  of  the  purest  is  6*715.  The  alchemists  had 
concdved  the  most  brilliant  hopes  of  this  metal ;  the  fadlity  with  which  it  is  alloyed 
with  gold,  since  its  fumes  alone  render  this  most  ductile  metal  immediately  brittle, 
led  them  to  asdgn  to  it  a  royal  lineage,  and  distinguished  it  by  the  tiUo  of  rigulus,  or 
the  little  king. 

*  The  tatflUnee  of  thb  description  Is  tsken  from  some  'Notes  on  Antimony,*  in  the  *lClnIng  and 
toeltlnglfogasine,'vol.iil.p.lS«. 
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Its  chief  ethpl^mont  is  in  making  the  allojB  called  t^pe  metal,  stereotype  metal, 
music  plates,  and  Britannia  metal ;  the  first  consisting  of  6  of  lead  and  2  of  antimony ; 
the  second  of  6  of  lead  and  1  of  antimony ;  the  third  of  lead,  tin,  and  antimoirjr ;  and 
the  fourth  also  of  lead,  tin,  and  antimony,  irith  occasionally  a  little  copper,  bismnthj 
and  nickeL  Antimony  is  much  used  in  alloys  with  tin,  tin  and  lead,  and  m  some  cases 
copper,  in  rarious  proportions,  for  machinery  bearings,  instead  of  gun-metaL  In 
eases  of  rapid  and  continuous  rerolution,  as  the  shafts  of  screw-steamers,  these  are 
found  much  better  than  gun-metal.  It  is  also  used  by  the  Ordnance  in  hardening 
bullets  and  shot—ITa/^'s  DieOonarv  of  Chemiatry, 

Melted  with  tin,  antimony  has  of  late  been  used  as  an  antifriction  alloy  for  railway 
Bzlesf  and  other  bearings ;  in  metallie  rings,  or  collars,  for  machinery*  As  this  alloy 
is  not  so  much  heated  by  friction  as  the  harder  mstals,  less  grease  is  consumed.  See 
Allots;  AnriFBicnoKMBTAL. 

The  shipments  of  Antimony  Ore  and  Begulus  fh)m  ^^ctona  hare  been  as  follows  :-^ 


1866 
1867 
1868 
1869 
1870 
1871 

From  Borneo  the  shipments  were 


1866 
1867 
1868 
1869 
1870 
1871 


530  tons  valued  at  £3,582 


518 

649 

593 

3|118    „  „ 

No  returns  giren 


5,106 

8,810 

11,258 

32,870 


:— In 


»        316  tons  ralued  at  if3,859 

336    H  „  8,449 

.     1,154    „  H  15.409 

•  1,072    „  „  15,080 
.      3,578    „          „          26,888 

•  Included  in  *  Ores  unemtmerated* 

i  OF.  Two  chlorides  are  known — ^the  terckloride, 
or  atUimonious  chloride  (Sb  Gl'),  and  the  peniaehloride,  or  cmtimonio  chloride  (Sb  CP). 
The  former,  known  to  the  older  chemists  as  butter  of  aniimoM/,  may  be  prepared  by 
distilling  metallic  antimony  with  corrosiTe  sublimate,  or  by  acting  on  the  tersulphide 
of  antimony  with  hydrochloric  acid,  and  distilling  the  product.  The  pentachlonde  is 
obtained  by  passing  chlorine  over  metallic  antimony,  and  separating  the  mixed 
chlorides  by  distiUation.  The  old  Powder  of  Algaroth  was  an  osgrchloride  of 
antimony. 

AJNTIMOVTf  CBOCirS  OV.  An  impure  sulphide  of  antimony  and  sodium, 
forminff  the  scoria  which  is  produced  in  smelting  antimony  by  heating  the  roasted 
sulphide  with  charcoal  and  carbonate  of  soda. 

AXTZMOVT  CKLAVCB*  Katire  tersulphide  of  antimony,  the  principal  ore  of 
this  metal    See  AmiHOirr. 

AVTillOVTf  OliASS  OV«  This  substance,  according  to  M.  Soubeiran,  con- 
tained:— Terozide  of  antimony,  91*5;  silica,  4*5;  peroxide  of  iron*  3*2  {  mlphuret 
of  antimony,  1*9. » 101 '1. 

AMTIMOMT  VSBlKXIilOW*  A  rod  pigment  consisting  of  artificial  tor- 
sulphide  of  antimony,  formed  by  pouring  a  solution  of  chloride  of  antimony  in  h^rdro^ 
chloric  acid  into  a  dilute  solution  of  hyposulj^ite  of  lime  in  excess ;  when  the  liquid 
is  heated,  a  yellow  precipitate  falls,  and  this  gradually  assumes  an  orango-red 
colour. 

AMTTZSavncS.  rFrom  &rrl  agmnet\  fnpnU  putrid,)  Substances  which 
prerent  the  spontaneous  aooomposition  of  animal  and  yegetable  substances.  These 
are  chiefly  the  mineral  adds,  charooal,  chloride  of  lime,  chlorine,  culinary  salt,  nitre^ 
spices,  sagnr,  creosote,  and  yeast — which  operate  partly  by  indudng  a  change  in  the 
animal  or  vegetable  fibres,  and  partly  by  combining  with  and  rendering  the  aqueous 
constituent  unsusceptible  of  decomposition.  See  Disikfectamts  ;  Food  ;  PaovisioifS, 
CUBING  OF ;  and  FjuisanvBD  Mbats. 

AWZ&.  A  mass  of  iron,  having  a  smooth  and  nearly  flat  top-surface  of  steel, 
upon  which  blacksmiths,  and  various  other  artificers,  forffo  metals  with  the  hammer. 
Tne  common  anvil  is  usually  made  of  seven  pieces :  1,  the  core,  or  body;  2,  8, 4,  5, 
the  four  comer-pieces,  wliich  serve  to  enlarge  its  base ;  6,  the  {nrojecting  end,  whidi 
has  a  square  hole  for  the  reception  of  tho  tail,  or  shank  of  a  chisel,  on  which  iron  bars 
may  be  cut  through ;  and  7*  the  beak,  or  horizontal  cone,  round  which  rods  or  slips 
of  metal  may  be  turned  into  a  circular  form,  as  in  making  rings.  These  six  pieces 
ore  welded  separately  to  the  first,  or  core,  and  then  hammered  into  a  uniform  body. 
In  manufacturing  large  anvils,  two  hearths  are  needed,  in  order  to  bring  each  of  th9 
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two  pieces  to  be  welded  to  a  ptroper  heat*  by  itself;  and  several  men  are  emplojed  in 
irorlniig  them  together  briskly  in  the  welding  state,  bj  heayy  swing  hammers.  The 
steel  iaaug  is  affiled  by  welding  in  the  same  manner.  The  anvil  is  then  hardened, 
by  heating  it  to  a  cherry  red,  andplungiiig  it  into  cold  water — a  running  stream  being 
preferable  to  a  pool  or  cistern.  The  facing  should  not  be  too  thick  a  plate ;  for,  when 
such,  it  is  apt  to  crack  in  the  hardening.  The  face  of  the  anvil  is  now  smoothed 
upon  a  grindstone,  and  finally  polished  with  emery  and  crocus,  for  all  delicate  pur- 
poses of  art. 

The  blacksmith,  in  general,  sets  his  anvil  loosely  upon  a  wooden  block,  and  in  pre- 
ference, on  the  root  of  an  oak  tree.  The  cutlers  and  file-makers  fasten  their  anvils 
to  a  large  block  of  stone,  their  peculiar  work  rendering  it  an  advantage  to  have  the 
anvil  fixed  as  firmly  and  solidly  as  possible. 

The  wkUetmUh,  or  hrigkUmith^  when  working  at  the  anvil,  unless  the  piece  under 
the  hammer  should  be  very  lidit,  is  assisted  by  a  striker,  who  wields  a  sledge-hammer. 
In  forging  round  articles,  su^  as  bolts,  axles,  &C|  the  smith  makes  use  of  swages — 
pieces  of  steel  formed  somewhat  like  hammer-heads — ^with  a  groove  in  one  corre- 
sponding with  a  hollow  in  the  other*  In  forging  small  spindles,  the  boss,  or  lower 
piece,  is  permanently  fixed  upon  the  anviL  For  convenience  in  managing  heavy 
articles,  a  crane  is  so  fixed  in  the  workshops,  that  the  arm  traverses  between  the  fire 
and  the  anvlL 

AVATITS.  {iatmim  to  d&seive)%  A  name  proposed  by  Werner,  in  1786,  for  the 
native  crystallised  phosphate  of  lime  of  Saxony,  and  since  extended  to  all  minerals  of 
like  chemical  composition*  The  name  is  suggestive  of  the  deceptive  appearances 
which  the  mineral  often  presents,  and  which  naturally  enough  led  the  early  minera- 
logists into  the  error  of  mistaking  many  of  its  varieties  for  widely-different  sub- 
stances. As  apatite*  when  occurring  in  sufiftdent  quantity  to  be  advantageously 
worked,  has  always  a  high  economic  value,  it  is  desirable  to  describe  the  species 
somewhat  in  detaiL 

Apatite  crystallises  in  forms  belonging  to  the  hexagonal  system,  frequently  in 
short  six-sided  prisms,  each  terminated  either  by  a  pyramid  of  as  many  faces,  or  by 
a  simple  fiat  plane.  The  horizontal  edges  at  the  ends  of  the  cr3r8tal  are  often  variously 
modified,  and  the  lateral  faces  of  the  prism  frequently  exhibit  vertical  strie.  Olea- 
vage  is  generally  not  well  marked.  In  colour  the  mineral  varies  from  white  to  various 
shades  of  green  and  blue,  passing  sometimes  into  violet  and  brown ;  but  the  *  streak,' 
readily  seen  on  scratching  the  mineral,  is  invariably  white.  The  lustre  is  generally 
glassy,  but  rather  inclined  to  resinous.  Some  varieties  of  the  mineral  are  trans- 
parent, while  others  are  quite  opaque :  it  is  notable  that  a  bluish  opalescence  may 
occasionally  be  detected  in  the  direction  of  the  vertical  axis  of  the  crystal.  For  a 
salt  of  Ume,  apatite  is  rather  hard,  readily  scratching  glass,  but  bein^  itself  scratched 
by  felspar.  Its  specific  gravity  varies  from  2*92  to  3*26.  In  chemical  composition 
ail  apatite  consists  mainly  of  phosphate  of  lime  (calcium  phosphate),  but  it  was 
shown  by  Bose  in  1827  that  this  i^osphate  is  almost  invariably  associated  to  a 
greater  or  less  extent  with  either  chloride  or  fluoride  of  calcium,  or  with  both.    The 

El  composition  of  apatite  maybe  thus  formulated:  3  (SCaO,  PO'^)  +  Ga  (C1,F) ; 
^■F"0•J+Ca(C^^l^)].  The  amount  of  phosphoric  acid  (phosohoric  anhy- 
,  in  apatite  usually  varies  from  40  to  45  per  cent  Heated  before  the  blowpipe, 
the  mineralfuses,  with  difficulty,  on  the  edges.  Many  massive  varieties  emit  a  phos- 
phorescent glow  when  heated,  and  are  hence  termed  phosphorite. 

Among  the  minerals  commonly  found  in  association  with  apatite,  may  be  specially 
mentioned  tin-stone,  topaz,  and  tourmaline.  It  is  with  such  associates  that  apatite 
occurs  in  veins  in  St.  Michael's  Mount,  and  in  several  Cornish  tin-mines ;  and  it  is 
also  fotmd  under  similar  conditions  in  the  tin-deposits  on  both  the  Saxon  and  the 
Bohemian  sides  of  the  Er^birge,  es]pecially  at  Ehrenfriedersdorf,  Zinnwald,  and 
Schlaggenwald.  A  variety  in  small  white  crystals,  with  curved  faces,  and  in  crystal- 
line masses,  occurring  at  Huel  Franco  and  Fowey  Consols,  in  Cornwall,  has  been 
termed  FraneolUe,  Near  Bovev  Tracey,  in  Devonshire,  apatite  was  formerly  found 
in  large  white  crystals,  associated  wil^  fine  specimens  of  black  tourmaline.  At 
Carrock  Fells,  in  Cumberland,  it  occurs  in  creen  crystals,  with  smoky  quartz,  molvb* 
ddnite  and  gilbcrtate.  The  dark  greenish-blue  crystals  found  in  iforway  and  else- 
where have  been  termed  MoroxUe,  Snarum,  in  Norway,  yields  large  white  crystals, 
apparently  decomposed.  A  crystalline  apatite,  fiesh-rea  in  colour,  and  looking  much 
like  a  felmr,  is  found  at  Krageroe  in  Norw^,  where  it  has  been  largely  worked  for 
export  to  England.  The  variety  termed  by  Werner  SparaeUtein  ^'  asparagus  stone ') 
occurs  in  beautifully  formed  clear  yellowiah-^preen  crystals,  associated  with  specular 
iron-ore,  in  a  pecubar  rock,  apparently  volcamc,  at  Juroilla,  in  the  province  of  Murda, 
Spain.  A  proposal  was  lately  made  to  work  the  rock  containing  those  crjrstals.  At 
X/ogroMaD)  in  the  province  of  Estrema^un,  th^  aro  raft  deposits  of  massive  or  coa* 
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croUonaTy  hard  phosphate  of  lime,  known  as  phosphorite.  These  deposits  were  de- 
scribed in  1844  by  the  late  Dr.  Daubeny,  and  have  been  woriced  for  many  years  on  a 
TciT  extensive  scale.  In  the  neighbourhood  of  Staffed  near  lambnrg,  on  the  Lahn, 
and  elsewhere  in  Nassan,  yalnable  deposits  of  phosphorite  haye  been  actively  worked. 
At  Staffol  the  phosphorite  is  sometimes  incmstod  with  a  peculiar  mineral,  generally 
in  botiyoidal  or  reniform  masses,  termed  ^ffdite.  This  may  have  been  deriyed 
ftom  the  alteration  of  the  phosphorite,  and  is  said  to  contain,  in  addition  to  phosphate 
of  lime,  upwards  of  9  per  cent,  of  carbonate  of  lime,  and  is  further  peculiar  in  con- 
taining traces  of  iodine.  Phosphorite  is  also  worked  at  Amberg,  IHes,  and  other 
localities  in  Bavaria.  The  mineral  called  Osteoliis  is  said  by  Professor  Chnrch  to  be 
an  altered  impure  form  of  apatite.  In  the  United  States  there  are  a  large  number  of 
localities  yielding  apatite.  Crystals  of  considerable  oeo  have  been  found  in  St. 
Lawrence  co.,  in  Orange  co.,  in  Kossie,  and  elsewhere  in  the  State  of  New  York.  At 
Hurdstone,  in  Sussex  co.,  New  Jersey,  *  a  sh^  has  been  sunk,  and  the  apatite  mined ; 
masses  brought  out  weigh  occasionall^r  200  lbs.,  and  some  cleavage  prisms  have  the 
planes  8  in.  wide'  {Dana),  Apatite  is  widely  disseminated  through  many  of  the 
crystalline  limestones  of  the  Laurentian  series  in  Canada ;  indeed,  in  some  parts  of 
the  limestone  it  is  so  abundant  as  to  form  a  large  {nroportion  of  the  rock.  The  most 
remarkable  deposits  of  Laurentian  apatite  are  in  tne  townships  of  Burgess  and 
Elmsley.  *  In  North  Elmsley  it  forms  an  irregular  bed  parallel  to  the  stratification  of 
the  limestone ;  the  breadth  of  the  bed  seems  to  be  about  10  feet,  of  which  8  faet  are 
nearly  yjue  crystalline  apatite,  sea-green  in  colour,  and  with  a  small  admixture  of 
black  mica.  Masses  of  this  gave  an  average  of  88  per  cent  of  phosphate  of  lime ' 
{T,  Sterry  Stmi). 

When  apatite  or  phosphorite  occurs  in  sufficient  quantity  to  be  systematically  worked, 
it  becomes  a  mineral  of  great  commercial  value.  Treated  with  oil  of  vitriol,  it  is 
converted  into  superphosphate  of  lime,  and  in  this  soluble  form  is  highly  valued  by 
the  affriculturist  as  a  fertilising  agent  for  the  soil.  Apatite  has  also  been  used,  in 
the  place  of  bone-ash,  as  a  constituent  of  certain  kinds  of  soft  porcelain.  For  other 
mineral  substances  contcuning  phosj^te  of  lime,  see  SoMBRmuTB,  Cofboutbs,  and 
GrANo.--F."W.R. 

A9WLMm»  The  fruit  of  the  Pyrus  malus  (apple-tree).  Employed  in  the  manu<- 
facture  of  dder.    See  Cidbr. 

AW&a-VUB.  (Pyrus  malus.)  The  wood  of  the  apide-tree  is  much  used  in 
the  Tunbridge  turnery  manufacture,  and  the  millwright  employB  the  wood  of  the 
crab-tree  fbr  the  teeth  of  mortice  wheels. 

AVFUi-wm*  Cider.  Winckler  finds  that  the  wine  from  apples  is  dis* 
tinguished  ttom  the  wine  from  grapes  by  the  absence  of  bitartrate  of  potash  and  of 
oenanthic  acid,  by  its  containing  a  smaller  amount  of  alcohol  and  more  tannin,  but 
espedally  by  the  presence  of  a  characteristic  add,  which  he  regards  as  lactic  add, 
notwithstanding  that  this  opinion  is  not  confirmed  by  the  degree  of  solubility  of  its 
salts  with  oxide  of  zinc,  lime,  and  magnesia.    See  Ctobb. 

AQVAVOSTIS*  Nitric  add,  somewhat  dilute,  was  so  named  by  the  alchemists 
on  account  of  its  strong  solvent  and  corrosive  action  upon  many  mineral,  vege- 
table, and  animal  substances.  It  is  still  employed  as  the  commercial  name  of  nitric 
add.    See  Nmac  Acn>. 

This  add  is  usually  obtained  by  distilling  either  common  nitre  or  cubic  nitre  with 
sulphuric  add. 

It  may,  however,  be  usefully  borne  in  mind,  that  this  term  of  aquafortis^  or  Btrong 
water  of  tiie  old  chemist,  was  also  applied  to  solutions  which  answwed  thdr  spedal 
purposes.  Thus  Salmon,  in  1686,  gives  the  composition  of  aquafortis  from  certain 
mixtures  of  adds,  not  nitric,  and  salts,  and  distinctly  refers  to  the  Pharmacopoeia  for 
the  other  kind.  This  may  be  of  service  when  applying  old  redpes  for  processes  in 
the  arts.    Aquafortis  did  not  always  mean  nitric  add. 

AQVAKAXnni  is  the  name  given  to  those  varieties  of  beryl  which  are  of  clear 
shades  of  sky-blue,  or  greenish-blue.  It  occurs  in  longitudinally-striated  hexagonal 
crystals,  sometimes  a  foot  long,  and  is  found  in  the  Bnols,  Hindostan,  and  l^beria. 
SeeBsBTtH 

AQVA  BMttA.  Boyd  water.  The  name  given  by  the  alchemists  to  that  mix- 
ture of  nitric  and  muriatic  adds  which  was  best  fitted  to  dissolve  gold ;  it  is  now 
called  nitro-muriatio  aeid,  or  nitro^hlorohydrie  acidt  or  hypoohloro^nUrie  add. 

Aqua  regie,  prepared  under  different  conditions,  appears  to  give  different  results. 
Gav-Xussac  observed  that  aqua  regia,  when  heated  in  a  water-batii,  evolves  a  gaseous 
bodv  which,  dried  and  exposed  to  a  frigorific  mixture,  separates  into  chlorine  and  a 
dark  lemon-yellow  liquid,  boiling  at  70^  F.  This  yellow  liquid  was  found  to  contain 
69*4  per  cent  of  chlorine,  the  calculated  quantity  for  the  fonnula,  N0K)1*,  bdng  70*2. 
Gay-Lussac  reftites  the  assertion  of  £.  Davy  and  Baudrimont,  that  the  pcoperties  oi 


Digitized  by  VjOOQIC 


AllCfllL  203 

O^tla  xegia  are  due  to  its  oontaining  a  oompoand  of  chlorine,  nitiogeii,  and  oxy^n, 
and  oonfiims  the  generally  receiyed  riew,  that  its  Action  depends  npon  free  chlorine. 
From  the  yapoor  evolyed  in  the  action  of  nitric  upon  hydrochloric  add,  a  liqnid 
may  be  condensed  which  is  nearly  of  the  composition  NOKIl'  (WOOf),  containing, 
howerer,  no  fret  chlorine :  this  oomponnd,  in  the  gasoons  form,  is  known  as  chtoro' 
nitric  gas. 

The  beet  proportions  for  forming  aqoa  rogia  appear  to  be  abont  one  yolume  of 
strong  nitric  to  three  of  hydrochloric  acid.  Aqna  regia  is  need  for  dissolying  both 
gold  and  platinum. 

AQJVA  VZTJB.  The  name  giyen  to  alcoh(d  when  nsed'as  an  intoxicating  beye- 
xage.  It  is  deriyed  from  the  alchemists,  who,  haying  obtained — in  all  probability 
from  the  Arabian  physicians,  since  Ayicenna  nses  the  term — the  product  b^  distilla- 
tion of  saccharine  fermentation,  al4cohol  (alcohol),  gaye,  upon  the  same  pnnciple  as 
guided  them  in  calHng  the  nitro-mnriatic  add  aqua  regia^  the  name  of  aqna  vita  to 
seyeral  ardent  spirits ;  and  it  has  been  retained  espodally  with  reference  to  whisky 
and  brandy.        

ASASZCff  wm*  Gum  Arabic  exudes  from  seyeral  spedes  of  Acaeiat  as  A,  tfera. 
It  is  also  found  in  the  roots  of  the  maUow,  comfrey,  and  some  other  plants.  Gum 
Arabic  neyer  crystallises,  is  transparent,  and  has  a  yitreous  fracture. 

JkMJkMSMm  The  prindpal  constituent  of  GKim  Arabic  If  gum  is  treated  with 
hydrochloric  add  ana  alcohol,  the  lime,  magnesia,  and  potash,  in  combination,  are 
decomposed,  and  the  arabin  is  separated  as  a  gum,  exhibiting  the  properties  of  an 
add.  In  the  moist  state  it  dissolyes  in  cold  water,  forming  mucUaae,  mm  which  it 
is  predpitated  by  alcohol.  After  dryins,  it  no  longer  dissolyes,  but  swells  into  a 
gdatinous  mass.  Dried  at  212<^  F.  it  has  the  compontion  Gi*H"0"  (C>*S"0"). 
See  AcAGiA,  Gbbasqie,  Dbxtrimb,  Gttic. 

AMJknOMTTMm  So  called  from  Aragon,  in  Spain,  where  it  was  first  discoyered. 
A  carbonate  of  lime,  crystallised  in  rhombic  prisms,  or  in  forms  deriyed  from  the 
same.    Sometimes  written  Asraoomiti.    See  Limb. 

ftBBOH  VITJB.  Seyeral  spedes  of  Th^'a,  found  in  America  and  China,  are 
called  arbor  mtm.  It  is  a  light,  soft,  and  fine-grained  wood,  which  is  used  in  seyeral 
kinds  of  carpentry. 

AMOMm  As  uiis  dictionary  is  not  intended  to  indude  arUdes  connected  with 
engineering  or  with  architecture,  it  would  be  out  of  place  to  describe  the  conditions 
required  to  ensure  the  stability  of  the  arch,  which  is  manifestly  one  of  great  impor- 
tance to  the  practical  builder,  f  For  the  theory  of  the  equilibrium  of  the  arch,  Gwilt*s 
treatise  on  the  subject  shoula  be  consulted,  or  the  article  Arch,  'Encyclopaedia 
Britannica.')  It  simply  remains  to  define  the  arch  as  a  structure  of  stone  or  brick, 
supported  by  its  own  curye ;  or  of  wood  or  iron,  supported  by  the  mechanical  arrange- 
ments of  the  work.  

The  curvature  of  an  arch  may  yary  yeiy  considerably.  Where  the  arch  is  low,  the 
drde  it  belongs  to  becomes  yery  large ;  and  the  strength  of  arches  yaries  greatly  with 
their  forms ;  they  may  be  eiuier  segments  of  a  circle,  a  parabola,  an  ellipse,  an 
hyperbola,  or  a  catenaiy. 

The  arch  in  architecture  is  the  means  of  passing  from  one  pillar  to  another ;  and 
we  haye  the  circular  form,  which  was  succeeded  oy  the  pointed  arch,  and  all  its 
modified  forms  of  foliation,  &c 

AMCMMKT  Bimr.  These  are  divided  into  the  '  single^piece  bow  *  and  the  '  back 
or  wUon  bow* 

The  single-nece  bow  is  made  of  one  rod  of  hickory,  lance-wood,  or  yew-tree,  which 
last,  if  perfectly  free  from  knots,  is  considered  the  most  suitable  wood. 

Tlie  union  bow  is  made  of  two  or  sometimes  three  pieces  glued  together.  The 
back*  piece,  or  that  furthest  from  the  string,  is  of  rectangular  section,  and  alwi^  of 
lance-wood  or  hickory ;  the  *  bellg,*  which  is  nearly  of  semidrcular  section,  is  made  of 
any  hard  wood  that  can  be  obtained  straight  and  dean,  as  ruby-wood,  rose-wood, 
green-heart,  king-wood,  snake-wood,  &c  Sometimes  the  union  bow  is  imitated  by 
one  solid  i^ece  of  straight  cocoa-wood  of  the  West  Indies  (not  that  of  the  cocoa-nut 
palm),  in  which  case  the  tough  fibrous  sap  is  used  for  the  back.  The  Palmyrea  is 
also  used  for  bows. — Hokrapffel. 

MMCMXLm  (Orseille,  Fr. ;  OrseiHe,  Qer, ;  OriceUo,  ItaL)  The  name  of  archil  is 
given  to  a  colounng-matter  obtained,  by  the  simultaneous  action  of  the  air,  moisture, 
and  an  ammoniacal  liquor,  from  many  of  the  lichenst  the  most  esteemed  bdng  the 
Bocc^lia, 

It  appears  in  commerce  in  three  forms :  1,  as  a  pasty  matter  called  archil;  2,  as  a 
mass  of  a  drier  character,  named  perais  ;  and  3,  as  a  reddish  powder  called  cudbear. 

The  lidien  fh)m  whidi  archil  is  prepared  is  known  also  as  the  canary  weed  or 
oidulla  weed.    It  grows  in  great  abundance  on  some  of  the  islands  near  the  African 
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coast,  ^rticolarly  in  the  Canarios  and  seveisl  of  the  islands  of  the  Archipelaga  Its 
colour  18  sometimes  a  light  and  sometimes  a  dark  grey. 

There  appears  to  be  good  evidence  for  supposing  that  archil  was  known  to  the 
Romans,  and  Beckmann  is  disposed  to  believe  that  the  ancient  €h»eks  were  familiar 
with  this  dye.  This  ingenious  and  industrious  author  gives  the  following  account  of 
the  modem  introduction  of  the  archiL 

'  Among  the  oldest  and  principal  Florentine  families  is  that  known  under  the  name 
of  OrioelUrii  or  Rucellarii,  Buscellai  or  Bucellai,  several  of  whom  have  distinguished 
thcinsolvcs  as  statesmen  and  men  of  letters.  This  family  is  descended  from  a  Overman 
nobleman,  named  Ferro  or  Froderigo,  who  lived  in  the  beginning  of  the  12th  century. 
One  of  his  descendants,  in  the  year  1800,  carried  on  a  great  trade  in  the  Levant,  by 
which  he  acquired  considerable  riches,  and  returning  at  length  to  Florence  with  his 
fortune,  first  made  known  in  £urope  the  art  of  dyeing  with  archil.  It  is  said  that  a 
little  before  his  return  from  the  Levant,  happening  to  make  water  on  a  rock  covered 
with  this  lichen,  he  observed  that  the  plant,  which  was  there  called  fttifw  or  retpo^  and  in 
Spain  orm/ia,  acquired  by  the  urine  a  purple  colour,  or,  as  others  say,  a  i«d  ooloun 
He,  therefore,  tried  several  experiments,  and  when  he  had  brought  to  perfection  the 
art  of  dyeing  wool  with  this  plant,  he  made  it  known  at  Flounce,  .where  he  abne 
practised  it  for  a  considerable  time,  to  the  great  benefit  of  the  state.  From  this 
useful  invention  the  fietmily  received  the  name  of  Oricellarii,  from  which  at  last  was 
lormed  BucellaL* — Hutory  oflnoetUums. 

For  more  than  a  centojT'  Italy  possessed  the  ezdusiye  art  of  making  archil,  obtain- 
ing  the  lichens  from  the  islands  of  the  Mediterranean.  Teneriflfo  furaished  annually 
500  quintals  (of  110  lbs.  each)  of  lichen;  the  Canary  Isles,  400;  Fuerta  Ventura, 
300 ;  Lancerot,  800 ;  Gomeia,  800 ;  Isle  of  Ferro,  800.  This  business,  in  the  islands 
of  Teneiiffe  anid  Canary,  belonged  to  the  Crown  of  Spain,  and  in  1780  brought  in  a 
revenue  of  1600  piastres.  The  farmers  paid  from.  16  to  20  roalsfortheright  to  gather 
each  quintaL 

Since  1402  the  largest  quantity  of  the  lichens  for  the  preparation  of  archil  has  been 
obtained  in  the  Canary  Islands ;  a  smaller  quantity  has,  however,  been  procured  from 
the  Cape  de  Verde  Islands.  It  is  stated  that  the  archil  ^m  the  lichens  of  the  latter 
place  dye  wool  of  a  deeper  colour  than  the  archil  from  the  Canaries,  but  that  the  dye 
IS  not  so  rich.  Tho  labour  of  collecting  these  lichens  is  very  great^  and  men  are  ex- 
posed to  the  greatest  risks,  being  suspended  by  oords  over  the  face  of  stupendous 
clifi&.  Upon  the  coasts  of  Spain,  Scotland,  and  Jteland,  the  peasantry  have  for  a  very 
long  period  used  lichens  for  the  purpose  of  dyeing  red. 

The  chemical  constitution  of  archil  was  fint  investigated  by  M.  Cooq  ('  Annales  de 
Chimie,*  voL  Ixxxi.) ;  and  subsequently,  yet  more  extensively,  by  Kobiquet  (<  Annales 
de  Chimie,'  vol.  xliL  2nd  series). 

From  the  Variolaria,  Bobiquet  obtained  Orcifie,  by  digesting  the  lichen  in  alcohol, 
evaporating  to  diyness,  dissolving  the  extract  in  water,  concentrating  the  solution  to 
the  thickness  of  a  syrup,  and  setting  it  aside  to  crystallise.  It  forms,  when  quite  pure, 
-colourless  prisms,  of  a  nauseous  sweet  taste,  which  fuse  easily,  and  may  be  subbmed 
unaltered.  Its  formula  is  C**H*0*  (OWO*) ;  when  crystaUised  from  its  aqueous 
solution  it  contains  6  Aq. 

If  ordne  be  exposed  to  the  combined  action  of  air  and  ammonia,  it  is  converted  into 
a  crimson  powder  oroeinet  which  is  the  most  important  ingredient  in  the  archil  of 
commerce.  Orceins  may  be  obtained  by  digesting  dried  archil  in  strong  alcohol, 
evaporating  the  solution  in  a  water-bath  to  diyness,  and  treating  it  with  ether  as  long  as 
anything  is  dissolved;  it  remains  as  a  dark  blood-red  powdet,  being  sparingly  soluble 
in  water  or  ether,  but  abundantly  in  aloohoL    Its  formula  is  C**H'NO*  (C'B'VO*). 

Orceine  dissolves  in  alkaline  liquors  with  a  magnificent  purple  colour ;  with  metallic 
oxides  it  forms  lakes,  also  of  ricn  purple  of  various  shades.  In  contact  with  de- 
oxidising agents,  it  combines  with  hydrogen  as  indigo  does,  and  forms  leuc-orceine* 
AVhen  bleached  by  chlorine,  a  yellow  substance  is  formed,  c^for-orceine. 

Dr.  Schunck,  by  an  examination  of  several  species  of  LecoHora,  has  proved  that, 
although  under  tne  infiuence  of  ammonia  and  of  air,  they  ultimately  produce  orceinei 
these  lichens  do  not  contain  ordne  ready  formed,  but  another  bod^,  Leeanorine,  which, 
under  the  infiuence  of  bases,  acts  as  an  acid,  and  is  decomposed  into  oroine  and  car- 
bonic acid.  If  lecanoric  acid  be  dissolved  in  boiling  alcohol,  it  unites  with  ether, 
forming  lecanoric  ether,  which  crystallises  beautifully  in  pearly  scales.  In  the  RocoeUa 
ttnctcna  and  the  Eoemia  prunaatri  ervthric  add  is  found  By  the  oxidation  of  this 
add  ctmarythrine  or  erythrine  bitter  is  formed.  These  substances  have  boon  carefully 
examined  by  Schunck,  Stenhouse,  and  Kane.  The  chemical  history  of  these  and  some 
other  compounds  is  of  great  interest;  but  as  they  do  not  bear  directly  upon  the 
onanufacture  of  archil,  or  its  use  in  dyeing,  further  space  cannot  be  devoted  to  their 
^poasidonitioQ, 
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'  Kane  found  luchil  and  litmus  of  oommeice  to  contain  two  classes  of  colouring- 
matters,  as  abeady  stated,  orcine  and  oreiHne,  derived  from  it.  Beyond  these  there 
were  two  bodies,  one  containing  nitrogen,  aeoerythrine^  and  tiie  other  destitute  of 
nitiogen,  erytkroleio  add.  This  ^tter  add  is  separated  from  the  other  bodies  present 
in  archil  by  means  of  ether,  in  which  it  dissolves  abundantly,  forming  a  rich  crimson 
solution.  It  gives  with  alkalis  purple  liquors,  and  with  eajthy  and  metallic  salts 
coloured  lakes. 

Beyond  those  already  named  there  are  several  other  spedes  of  lichen  which  might 
be  employed  in  produdng  an  analogous  dye,  were  they  prepared,  like  the  preceding, 
into  the  substance  called  archil,  Hellot  gives  the  following  method  for  cbscovering 
if  they  possess  this  property.  A  little  of  the  plant  is  to  be  put  into  a  glass  vessel;  St  is 
to  be  moistened  with  ammonia  and  lime-water  in  equal  parts;  a  little  muriate  of 
ammonia  (sal-ammoniac)  is  added,  and  the  small  vessel  is  corked.  If  the  plant  be  of 
a  nature  to  affi)id  a  red  dye,  after  three  or  four  days  the  small  portion  of  liquid  which 
will  run  off  on  inclining  the  vessel,  now  opened,  will  be  tinged  of  a  crimson  red,  and 
the  plant  itself  wiU  have  assumed  this  colour.  If  the  liquor  or  the  plant  does  not 
take  this  colour,  nothing  need  be  hoped  for ;  and  it  is  useless  to  attempt  its  prepara- 
tion on  the  great  scale.  Lewis  says,  however,  that  he  has  tested  in  this  way  a  great 
many  mosses,  and  that  most  of  them  ai&rded  him  a  yellow  or  reddish-brown  colour ;  but 
that  he  obtained  from  only  a  small  number  a  liquor  of  a  deep  red,  which  communi- 
cated to  cloth  merely  a  ydlowish-red  colour. 

Prepared  archil  gives  out  its  colour  ver^  readily  to  water,  ammonia,  and  alcohol. 
Its  solutbn  in  alcohol  is  used  for  filling  spirit-of-wine  thermometers ;  and  when  these 
thermometers  are  well  freed  from  air,  the  liquor  loses  its  colour  in  some  vears,  as 
Abb6  Nollet  observed ;  but  the  contact  of  air  restores  the  colour,  which  is  destroyed 
anew,  m  vaenot  in  process  of  time ;  but  the  watery  inAision  loses  its  colour,  by  the 
privation  of  air,  in  a  few  days ;  a  singular  phenomenon,  which  merits  new  researches. 

The  infusion  of  archil  is  of  a  crimson  bordering  on  violet.  As  it  contains  ammonia, 
which  has  already  modified  its  natural  colour,  the  fixed  alkalis  can  produce  little 
change  on  it,  onl^  deepening  the  colour  a  little,  and  making  it  more  violet.  Alum 
forms  in  it  a  preopitate  of  a  brown  red ;  and  the  supernatant  liquid  retains  a  yellow- 
ish-red colour.  The  solution  of  tin  affi)rds  a  reddish  precipitate,  which  fidls  down 
dowly ;  the  supernatant  liquid  retains  a  feeble  red  colour. 

The  researches  cm  the  lichens,  as  objects  of  manufacture,  by  Westring,  of  Stock- 
holm«  are  worthy  of  attention.  He  examined  150  spedes,  among  which  he  found 
several  iriiich  might  be  rendered  usefuL  He  recommends  that  the  colouring-matter 
should  be  extracted  in  the  jdaces  where  they  grow,  which  would  save  a  vast  expense 
in  curing,  package,  carriage,  and  waste.  He  styles  the  colouring  substance  itself 
cudbear,  persio^  or  turnsole ;  and  distributes  the  lidiens  as  follows :— 1st.  Those  which, 
left  to  themselves,  exposed  to  moderate  heat  and  moisture,  may  be  fixed  without  a 
mordant  upon  wool  or  silk;  such  are  the  Lichenes  cinereuSf  amat<mta,  venioiw, 
€oralUmt$,  Westringii,  saxatiHs,  conspastvs,  barbatuSy  plieatw,  vulpmus,  &c 

2.  Those  which  develop  a  colouring-matter  fixable  likewise  without  mordant,  but 
which  require  boiling  and  a  complicated  preparation ;  such  are  the  Lichmn  mboameus, 
diUenH,  Jarinaceii8,jubatu8,furfiAraoeu8,  pulmonareus,  eomigaius,  eooctfenu,  digitatua, 
ancialis,  advmcus,  &e.  Saltpetre  or  sea-salt  is  requisite  to  improve  the  lustre  and 
fastness  of  the  dve  given  by  this  group  to  silk. 

8.  Those  whicn  require  a  peculiar  process  to  develop  thdr  colour,  such  as  those 
wluch  become  purple  through  the  agency  of  stale  urine  or  ammonia.  Westring  em- 
ployed the  following  mode  of  testing : — He  put  3  or  4  drachms  of  the  dried  and 
powdered  lichen  into  a  fiask,  moistened  it  with  8  or  4  measures  of  cold  spring  water, 
put  the  stuff  to  be  dyed  into  the  mixture,  and  left  the  fiask  in  a  cool  place.  Some- 
times he  added  a  little  salt,  saltpetre,  quicklime,  or  sulphate  of  copper.  If  no  colour 
appeared,  he  then  moistened  the  lichen  with  water  containing  ^th  of  sal-ammoniac  and 
^th  of  quicklime,  and  set  the  mixture  aside  in  a  cool  place  from  8  to  14  days.  There 
appeared  in  most  cases  a  reddish  or  violet  coloured  tint;  Thus  the  Lichene  cinereus 
dyed  silk  a  deep  carmelite  and  wool  a  light  carmdite ;  the  L.physodes  gave  a  joHowiBh' 
grey ;  the  ptuiulatus,  a  rose  red ;  sanguinarius,  grey ;  tartareust  found  on  the  rocks  of 
Norway,  Scotland,  and  England,  dyes  a  crimson-red.  Cudbear  is  made  from  it  in 
Jutland  by  grinding  the  £y  lichen,  sifting  it,  then  setting  it  to  ferment  in  a  close 
vessel  with  ammonia.  The  lichen  must  be  of  the  third  year's  growth  to  yield  an 
abundant  dye ;  and  that  which  grows  near  the  sea  is  the  best  It  loses  half  its  weight 
by  drying.  A  dngle  person  may  gather  from  20  to  80  pounds  a  day  in  dtuations 
where  it  abounds.  No  less  than  2,289,686  pounds  were  manufactured  at  Christiansund, 
JElekkefiord,  and  Fakrsund,  in  Norway,  in  the  course  of  the  six  years  prior  to  1812. 
Since  more  solid  dyes  of  the  same  shade  have  been  invented,  the  archil  has  gone  much 
iptodisoM. 
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To  prepare  archil,  the  lichens  employed  are  ground  up  with  water  to  a  uniform 
pulp,  and  this  is  then  mixed  with  as  much  water  as  will  make  the  whole  fluid; 
ammoniaoal  liquors  ^m  gas  or  from  itory-black  works,  or  stale  urine,  are  from  time 
to  time  added,  and  the  mass  frequently  stirred  so  as  to  promote  the  action  of  the  air. 
The  orcine  or  eiythrine  which  exists  in  the  lichen  absorbs  oxygen  and  nitrogen,  and 
forms  orceine.  The  roccelline  absorbs  oxygen  and  forms  eryth^oldo  add;  these  being 
kept  in  solution  by  the  ammonia,  the  whole  liquid  becomes  of  an  intense  purple,  and 
constitutes  oidinary  archil. — Kane, 

Archil  alone  is  not  used  for  dyeing  silk,  unless  for  lilacs ;  but  silk  is  frequently 
passed  through  a  bath  of  archil,  either  before  dyeing  it  in  other  baths  or  after  it  has 
been  dyed,  in  order  to  modify  different  colours  or  to  give  t^em  lustre.  It  is  sufficient 
here  to  jpoint  out  how  white  silks  are  passed  through  the  archil  bath.  The  ■ame 
process  is  performed  with  a  bath  more  or  less  chai^  with  this  oolour,  tea  silki 
already  djreia. 

Archil,  in  a  quantity  proportioned  to  the  odour  desired,  is  to  be  boiled  in  a  copper. 
The  clear  liquid  is  to  be  run  off  quite  hot  from  the  archil  bath,  leaying  the  sediment 
at  the  bottom,  into  a  tub  of  proper  size,  in  which  the  silks,  newly  scoured  with  soap, 
are  to  be  turned  round  on  the  skein-sticks  with  much  exactness,  till  they  haye  attained 
the  wished-for  shade.    After  this  the^r  must  receiye  one  beetling  at  the  riyer. 

Archil  is,  in  general,  a  yery  useful  ingredient  in  dyeing ;  but  as  it  is  rich  in  colour, 
and  communicates  an  alluring  bloom,  dyers  are  often  tempted  to  abuse  it,  and  to  ex- 
ceed the  propcfftions  that  can  add  to  the  beauty  without  at  the  same  time  injuring,  in 
a  dangerous  manner,  the  permanence  of  the  odours.  Noyertheless,  the  colour 
obtained  when  solution  of  tin  is  employed,  is  less  fugitive  than  without  this  addition : 
it  is  red,  approaching  to  scarlets  G^n  appears  to  be  the  only  ingredient  which  can 
increase  its  durability.  The  solution  of  tin^may  be  employed,  not  only  in  the  dyeing 
bath,  but  for  the  preparation  of  the  silk.  In  this  case,  by  mixing  the  archil  with 
other  colouring  substances,  dyes  may  be  obtained  which  haye  lustre  with  sufficient 
durability. 

To  dye  wool  with  archil,  the  quantity  of  this  substance  deemed  necessary  aco(»ding 
to  the  quantity  of  wool  or  stuff  to  be  dyed,  and  «Mw^T^i!>g  to  the  shade  to  which  they 
are  to  be  brought,  is  to  be  diffiised  in  a  bath  of  water  as  soon  as  it  begins  to  grow 
warm.  The  bath  is  then  heated  till  it  be  ready  to  boil,  and  the  wool  or  stuff  is  passed 
through  it  without  any  other  preparation  except  keeping  that  longest  in  which  is  to 
haye  the  deepest  shaae.  A  fine  gridelin,  bordering  upon  yiolet,  is  thereby  obtained; 
but  this  colour  has  no  permanence.  Hence  archil  is  rarely  employed  with  any  other 
yiew  than  to  modify,  heighten,  and  giye  lustre  to  the  other  colours.  Hellot  says,  that 
having  employed  archil  on  wool  boiled  with  tartar  and  alum,  the  colour  resisted 
the  air  no  more  tiian  what  had  received  no  preparation.  But  he  obtained  from 
herb  archil  (ForseilU  (therbe)  a  much  more  durable  colour,  by  putting  in  the  bath  soma 
solution  of  tin.  The  archil  thereby  loses  its  natural  colour,  and  assumes  one 
approaching  more  or  less  to  scarlet*  according  to  the  quantity  of  solution  of  tin. 
employed.  This  process  must  be  executed  in  nearly  the  same  manner  as  that  of 
scarlet,  except  that  the  dyeing  may  be  performed  in  a  single  bath. 

Archil  is  firequentljr  had  recourse  to  for  varying  the  di£ferent  shades  and  giving 
them  lustre ;  hence  it  is  used  for  violets,  lilacs,  mallows,  and  rosemary-flowers.  To 
obtain  a  deeper  tone,  as  for  the  deep  soupes  au  vin,  sometimes  a  litUe  alkali  or  milk 
of  lime  is  mixed  with  it  The  suites  of  this  browning  may  also  aflford  agates,  rose- 
mary-flowers, and  other  delicate  colours,  which  cannot  be  obtained  so  beautiiful  by 
other  processes. 

The  herb  archil,  just  named,  called  especially  aroeiUe  de  ierre,  is  found  upon  the 
volcanic  rocks  of  the  Auvorffne,  on  the  Alps,  and  the  P^nees. 

These  lichens  are  gathered  by  men  whose  whole  time  is  thus  occupied;  the^  scrape 
them  £rom  the  rocks  with  a  peculiarly  shaped  knife.  They  prefer  collecting  the 
orceille  in  rainy  weather,  when  they  are  more  easily  detached  firom  tJie  rocks.  They 
gather  about  2  kilogrammes  a  day,  or  about  4^  pounds.  When  they  take  their 
lichens  to  the  makers  of  archil  or  litmus  for  the  purpose  of  selling  them,  they  submit 
a  sample  to  a  test,  for  the  purpose  of  estimating  their  quality.  To  this  end  they 
put  a  Uttle  in  a  glass  containing  some  urine,  with  a  small  quantity  of  lime.  As  the 
uchens  yery  rapidly  pass  into  fermentation  if  kept  in  a  damp  state,  and  thus  lose 
much  of  their  tinctorial  power,  great  care  is  taken  in  drying  them ;  when  dry  they 
may  be  preserved  without  injury  for  some  tame. 

Archil  is  perhaps  too  much  used  in  some  doth  factories  of  England,  to  the  dis- 
credit of  our  dves.  It  is  said,  that  by  its  aid  |rd'of  the  indigo  may  be  saved  in  the 
blue  vat ;  but  the  colour  is  so  much  the  more  perishable.  "Ae  fine  soft  tint  induced 
upon  much  of  the  black  doth  by  means  of  arcml  is  also  deceptive.  One  half  pound 
of  cudbear  will  dye  one  pound  of  woollen  doth.    A  crimson  red  is  obtained  bj. 
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Bddiog  to  tiie  deooctaon  of  archil  a  bttle  salt  of  tin  (muriate),  and  nassing  the  cloth 
throngh  the  bath  after  it  has  been  prepared  by  a  mordant  of  tin  and  tartar.  It  must 
be  afterwards  passed  through  hot  water. 

I)7eing  with  archil  with  the  aid  of  oil  has  been  patented  by  Mr.  lightfoot,  on  the 
same  principle  as  has  been  so  long  used  in  the  Turkey-red  cotton  dye,  who  also  has 
rocourse  to  metallic  and  earthy  bases.    See  Cxtdbbab  and  LiTMrs. 

Under  the  names  of  arehu  carmine  and  archil  purpUt  or  French  Pur^,  two  bril- 
liant dyes  were  introduced  about  a  dozen  years  ago ;  these  contained  the  colouring 
principles  of  the  lichens  in  a  very  pure  form.  But  since  the  introduction  of  the  brilliant 
and  stable  colours  derived  £rom  coal-tar,  archil  and  the  other  dye-stuffi  yielded  by 
lichens  have  greatly  fallen  into  disuse. 

AMCmrrmCTUMM,  The  art  of  conetructing  buildings,  which  involves  the  con- 
sideration of  very  dissimilar  points. 

1.  Utiutt,— as  it  regards  any  specified  object,  as — 

a.  Domestic  accommodation  in  a  dwelling-house. 

b.  Acoustic  arrangements  in  all  buildings  intended  for  public  purposes.    This 

consideration  is  entirdy  lost  sight  of  by  many  modem  architects. 
e.  Ventilation,  which  is  a  matter  upon  which  a  very  larse  amount  of  empiri- 
cism has  been  expended  with  exceedingly  small  results. 

2.  BriUBiLiTT. — ^If  we  examine  the  walls  of  our  ruined  abbeys  and  castles,  we 
shall  find  that  the  stones  employed  still  retain  the  mariu  of  the  workman's  tool ;  and 
that  in  numerous  cases  the  ornamental  work  is  as  sharp  as  if  it  had  been  executed  but 
yesterday.  This  should  prove  to  us  that  the  selection  of  stone  was  of  groat  importance. 

Ampmrr  SVZBITS — called  formerly  Jffua  ardens^oro  the  spirituous  products 
of  a  considerable  variety  of  fermentable  suoetanoes.  The  term  is  more  strictly 
applicable  to  those  spirits  which,  by  careftd  distillation,  have  been  deprived  of  a 
la^^e  quantity  of  the  water  in  oomHnation.  Rectifled  spirit  is  alcohol  with  1 6  per  cent, 
of  water.    Proof  spirit  is  5  pints  of  rectified  spirit  with  8  pints  of  distilled  water. 

ilBflAi  A  genus  of  palms,  containing  two  species — 1.  The  Artca  cateehm,  too- 
ducing  the  betel  nut,  which  is  so  nniver^y  chewed  in  the  East  Indies.  3.  The 
Areea  deracea,  or  cabbage-palm ;  the  cabbage  is  eaten  in  the  West  Indies,  both  raw 
and  boiled ;  and  the  truidc,  which  is  often  100  feet  long,  is  used  in  Jamaica  for  water- 
pipes,  which  are  said  to  become,  when  buried,  almost  as  hard  as  iron. 

A»  catechu  is  one  of  the  most  beautiful  palm-trees  growing  in  India.  It  is  chiefly 
cultivated  in  Malabar,  Ceylon,  and  Sumatra.  One  tree  wiU  produce,  according  to 
situation,  age,  and  culture,  from  200  to  800  nuts.    See  AcAcu.  Catechu. 

tkWWfnJMMfMMm  An  instrument  to  measure  the  densities  of  liquids.  (See  Alco- 
HOLOMBTBT.)  The  principle  will  be  well  understood  by  remembering  that  any  solid 
body  will  sink  further  in  a  light  liquid  than  in  a  heavy  one.  The  areometer  is  usually 
a  glass  tube,  having  a  small  glass  bulb  loaded  with  either  shot  or  ouicksilver,  so  as  to 
set  die  tube  nprig^t  iu  any  fluid  in  which  it  will  swim.  Within  the  tube  is  placed  a 
graduated  scale :  we  will  suppose  the  tube  placed  in  distilled  water,  and  the  line  cut 
by  the  surfiice  of  the  fluid  to  be  marked  ;  that  it  is  then  removed  and  placed  in  strong 
alcohol — the  tube  will  sink  much  lower  in  this,  and  consequently  we  shall  have  two 
extremities  of  an  arbitrary  scale,  on  which  we  can  mark  any  intermediate  degrees. 

The  areometer  of  Baum^  is  used  in  France,  and  the  following  scale  is  adopted  by 
the  French  chemists : — 


Specific  GtavUy  Numbers  corretpondinff  with  Bournes  Jreometrio  Decrees, 


liquids  denfer  than  Water 

LeM  dense  tban  Water            | 

De- 

Spoclllo 

De- 

Spedflo 

De- 

Spedflo 

De- 

Speoiflo 

De- 

Spedflo 

gree* 

Orarity 

grees 

Gravity 

grees 

Oravity 

grees 

Gravity 

grees 

Gravity 

0 

1-0000 

26 

1-2068 

62 

1-6200 

10 

1-0000 

86 

0-8488 

1 

1-0066 

27 

1-2160 

68 

1-6868 

11 

0-9932 

87 

0*8439 

2 

1-0183 

28 

1-2268 

64 

1-6610 

12 

0-9866 

88 

0-8891 

3 

1-0201 

29 

1*2868 

66 

1-6671 

13 

0-9799 

89 

0-8343 

4 

1-0270 

80 

1-2469 

66 

1-6888 

14 

0-9788 

40 

0-8296 

5 

1-0840 

81 

1-2662 

67 

1*6000 

16 

0-9669 

41 

0-8249 

6 

10411 

32 

1-2667 

68 

1-6170 

16 

0-9606 

42 

0-8202 

7 

1-0488 

33 

1-2778 

69 

1-6344 

17 

0-9642 

48 

0-8166 

8 

1-0666 

84 

1-2881 

60 

1-6622 

18 

0-9480 

44 

0-8111 

9 

1-0680 

86 

1-2992 

61 

1-6706 

19 

0-9420 

46 

0-8066 

10 

10704 

86 

1-8108 

62 

1-6889 

20 

0*9869 

46 

0-8022 
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Liquids  denser  than  Water 

Less  dense  than  Water 

De- 

Spodflo 

De- 

Spedflo 

De- 

SpecUto 

De- 

Spociflo 

De. 

Spedflc 

greet 

Gravity 

grees 

OtaTity 

grees 

GraTlty 

grees 

Gravity 

grees 

Gravity 

11 

10780 

37 

1*3217 

63 

1*7079 

21 

0*9300 

47 

0-7978 

12 

1-0857 

88 

1*3383 

64 

1*7273 

22 

0-9241 

48 

0-7935 

13 

10985 

89 

1*3451 

65 

1*7471 

23 

0-9183 

49 

0-7892 

14 

M014 

40 

1*3571 

66 

1*7674 

24 

0-9125 

50 

0-7849 

15 

M095 

41 

1*3694 

37 

1*7882 

25 

0*9068 

51 

0-7807 

16 

1-1176 

42 

1*3818 

68 

1*8095 

.26 

0-9012 

52 

0-7766 

17 

11259 

43 

1*8945 

69 

1-8313 

27 

0-8057 

53 

0-7725 

18 

11343 

44 

1*4074 

70 

1-8587 

28 

0-8902 

54 

0*7684 

19 

1*1428 

45 

1*4206 

71 

1*8765 

29 

0-8848 

55 

0*7643 

20 

M515 

46 

1*4339 

72 

1*9000 

30 

0-8795 

56 

0-7604 

21 

1*1603 

47 

1*4476 

73 

1*9241 

31 

0*8742 

57 

0*7656 

22 

11692 

48 

1*4615 

74 

1*9487 

32 

0-8690 

58 

0*7526 

23 

1*1788 

49 

1*4758 

75 

1*9740 

33 

0-8639 

59 

0-7487 

24 

1*1875 

50 

1*4902 

76 

2*0000 

34 

0*8588 

60 

0-7449 

25 

1*1968 

51 

1*4951 

35 

0*8538 

61 

0*7411 

ABBVACBOVS.  (Arefki,  s&nd,)  Sandy.  Bocksoomposedof  partieles  of  sand, 
or  containing  much  sand,  as  the  grits  and  sandstones,  are  said  to  be  arenaoeotu.  If 
they  contain  lime  they  are  called  arenaceo-caicareoiis, 

ABftHW  OZXta  An  oil  expressed  from  the  kernels  of  the  Argania  Sideroxjfkm,  a 
shrab  growing  in  Morocco. 

ABOnbUkOBOVS.  Composed  of  day,  or  clayey.  This  name  is  applied  to  all 
rocks  composed  of  day.  If  containing  also  sand  or  lime,  they  are  distinguished  as 
oryiiUiHiretutoeous  or  armtto-oaloareous.  AigiUaceous  rocks,  when  breathed  on,  hare  a 
peculiar  earthy  odour,  by  which  they  may  be  distinguished. 

JJMMUULCnoVS  BABTB.  (ArgiUa,  day,  Lat)  The  earth  of  day,  called 
in  chemistry,  alumina,  because  it  is  obtained  in  greatest  purity  fsom  alum«  See 
ALvmirA,  Chika  Clay,  Cl^lt,  Kaolin. 

ABOOB*  or  HBIlATi  (Ttirtre,  Fr.;  Wemitem,  Ger.)  The  tartrate  of  potash 
is  known  in  commerce  as  the  white  and  led  aigol ;  the  white  being  the  crust  let  faU 
by  white  wines,  which  is  of  a  pale  pinkish  colour,  and  the  red  Uie  crust  deposited 
m>m  red  wines,  and  of  a  dark  red  colour.    See  Tabtab,  Gbbam  op  Tabtab,  £cc 

ABIcnVB.    An  alkabid  discovered  by  Felletior  and  Gorriol  in  a  cindiona  baik 
from  Arica  in  Peru,    It  is  separated  by  the  same  process  as  quinine. 
See  BauB. 
'  STOVB     JIBMBMITBa    A  name  formerly  given  to  an  earthy 
copper  ore  mioced  with  limestone,  of  an  azure  colour,  or  to  quarts  coloured  with  car- 
bonate of  copper.     See  Lapis  Lazuu. 

ABltOITB-VBATBS.  Massive  wrought-iron  plates  used  for  coating  ships  of 
war.  The  iron  for  these  plates  should  be  as  tough  and  soft  as  possible ;  and  steel, 
though  possessing  high  tensile  strength,  should  not  be  used.  It  is  ai^  object  of  the 
manufiicturer  to  produce  a  plate  of  considerable  thickness,  as  it  is  known  that  the 
resistance  of  a  single  solid  plate  is  greatly  superior  to  that  of  a  number  of  super- 
impoeed  plates  of  the  same  agsregate  thickness,  however  carefully  the  several  plates 
may  have  been  fastened  together.    It  is  difficult,  however,  in  manufacturing  thick 

Elates,  to  completely  squeeze  out  the  liquid  dnder  interposed  between  the  several 
lyers  of  iron  which  are  welded  toffether ;  and  hence  armour-plates,  when  exposed  to 
the  impact  of  heavy  shot,  often  exhibit  a  tendency  to  lamination.  The  large  plates 
are  manufactured  dther  by  rolling  in  a  mill  or  by  forging  under  the  steam-hammer : 
it  is  said  that  the  structure  of  a  hammered  plate  is  more  likely  to  be  uniform  than 
that  of  a  rolled  plate.  *  The  desideratum  m  all  armour-plates  is  that  they  shall 
bulge  with  the  least  possible  amount  of  cracking.  Large  radiating  fractures  at  the 
back  indicate  brittlenees,  and  should  immediately  condemn  a  plate.' — {Perejf,) 

ABWATTOf  ABWOTTOf  or  ABVOTTO.  (Booou  or  roucou,  fV. ;  Mmum, 
Ger.)  A  somewhat  dry  and  hard  paste,  brown  without  and  red  within.  It  is 
usually  imported  in  cokes  of  two  or  three  pounds  weight,  wrapped  up  in  leaves  of 
large  reeds,  packed  in  casks,  fh>m  America,  where  it  is  prepued  from  the  seeds  of  a 
certain  tree,  called  the  amaito  tn$ ;  it  is  the  Bixa  ordUma  of  Linnaeus. 
The  shrub  pvodudng  the  amatto  is  originally  a  native  of  South  America ;  it  is 
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DOW  eoldvated  in  Guiana,  St.  Domingo,  and  in  the  East  Indies.  In  the  *  Annales  de 
Chimie '  we  have  the  following  description  of  the  amatto  tree : — '  The  tree  produces 
oblong  bristled  pods,  somewhat  resembling  those  of  a  chestnut.  These  are  at  first 
of  a  beautiful  rose-colour,  but,  as  they  ripen,  change  to  a  dark  brown ;  and  bursting 
open«  display  a  splendid  crimson  farina  or  pulp,  in  which  are  contained  from  thirty  to 
forty  seeds,  somewhat  resembling  raisin-stones.  As  soon  as  they  arrive  at  maturity, 
these  pods  are  gathered,  divested  of  their  husks,  and  bruised.  Their  pulpy  substance, 
which  seems  to  be  the  only  part  which  constitutes  the  dye^  is  then  put  into  a  cistern, 
wiUi  just  enough  water  to  cover  it,  and  in  this  situation  it  remains  for  seven  or  eight 
days,  or  until  the  liquor  begins  to  ferment,  which,  however,  may  require  as  many 
weeks,  according  to  circumstances.  It  is  then  strongly  agitated  with  wooden  paddles 
or  beaters,  to  |)romote  the  separation  of  the  pulp  ^m  the  seeds.  <  This  operation  is 
continued  until  these  have  no  longer  any  of  the  colouring-matter  adhering  to  them ; 
it  is  then  passed  through  a  sieve,  and  afterwards  boiled,  the  colouring-matter  being 
thrown  to  the  surface  in  the  form  of  scum,  or,  otherwise  allowed  to  subside :  in  either 
esse,  it  IB  boiled  in  coppers  till  reduced  to  a  paste,  when  it  is  made  into  cakes  and 
dried.* 

Instead  of  this  long  and  painf^  labour,  which  occasions  diseases  by  the  putrefac- 
tion induced,  and  which  a£fi>rds  a  spoiled  product,  Leblond  proposed  simply  to  wash 
the  seeds  of  the  bixa  till  they  are  entirely  deprived  of  th^lr  colour,  which  lies 
wholly  on  their  surface ;  to  precipitate  the  colour  by  means  of  vinegar  or  lemon- 
juice,  and  to  boil  it  up  in  the  ordinary  manner,  or  to  drain  it  in  bags,  as  is  practised 
with  indigo. 

'  The  experiments  which  Vauquelin  made  on  the  seeds  of  the  bixa,  imported  by 
Leblond,  confirmed  the  efficacy  of  the  process  which  he  proposed ;  and  the  dyers 
ascertained  that  the  amatto  obtained  in  this  manner  was  worta  at  least  four  times 
more  than  that  of  commerce ;  that,  moreover,  it  was  more  easily  emploved ;  that  it 
required  less  solvent ;  that  it  gave  less  trouble  in  the  copper,  and  funiished  a  purer 
colour. 

Amatto  dissolves  better  and  more  readily  in  alcohol  than  in  water,  when  it  is 
introduced  into  the  yellow  varnishes  for  oommunicatang  an  orange  tint. 

The  decoction  of  amatto  in  water  has  a  strong  peculiar  odour,  and  a  disagreeable 
taste.  Its  colour  is  yellowish-red,  and  it  remains  a  little  turbid.  An  alkaline  solution 
renders  its  orange-jellow  clearer  and  more  agreeable,  while  a  small  quantitv  of  a 
whitish  substance  is  separated  £rom  it,  which  remains  suspended  in  the  liquid.  If 
amatto  be  boiled  in  water  along  with  an  alkali,  it  dissolves  much  better  thian  when 
alone,  and  the  liquid  has  an  orange  hue. 

The  adds  form  with  this  liquor  an  orange-coloured  precipitate,  soluble  in  alkalis, 
which  cconmunicate  to  it  a  deep  orange  colour.  The  supernatant  liquor  retains  only 
a  pale  yellow  hue. 

When  amatto  is  used  as  a  d^e,  it  is  always  mixed  with  alkali,  which  facilitates  its 
solution,  and  gives  it  a  colour  inclining  less  to  red.  The  amatto  is  cut  in  pieces,  and 
boiled  for  some  instants  in  a  copper  with  its  own  weight  of  crude  pearl-ashes,  provided 
the  shade  wanted  do  not  require  less  alkali.  The  cloths  may  be  afterwards  dyed  in 
this  bath,  either  by  these  ingredients  alone,  or  by  adding  others  to  modify  the  colour ; 
but  amatto  is  seldom  used  for  woollen,  because  the  colours  which  it  gives  are  too 
fugitive,  and  may  be  obtained  by  more  permanent  dyes.  Hellot  employed  it  to  dye  a 
stuff  prepared  with  alum  and  tartar ;  but  the  colour  acquired  had  little  permanence. 
It  is  almoet  solely  used  for  silks. 

For  silks  intended  to  become  aurora  and  orange,  it  is  sufficient  to  scour  them  at  the 
rate  of  20  per  cent,  of  soap.  When  they  have  been  well  cleansed,  they  are  immersed 
in  a  bath  prepared  with  water,  to  whidfi  is  added  a  quantity  of  alkidine  solution  of 
amatto  more  or  less  considerable,  according  to  the  shade  that  may  be  wanted.  This 
bath  should  have  a  mean  temperature  between  that  of  tepid  and  boiling  water. 

When  the  silk  has  become  uniform,  one  of  the  hanks  is  taken  out,  washed,  and 
wrung,  to  see  if  the  colour  be  sufficiently  full ;  if  it  be  not  so,  more  solution  of 
amatto  is  added,  and  the  silk  is  turned  again  round  the  sticks :  the  solution  keeps 
without  alteration. 

When  the  desired  shade  is  obtained,  nothing  remains  but  to  wash  the  silk,  and  give 
it  two  beetlings  at  the  river,  in  order  to  free  it  from  the  redundant  arnatto,  which 
would  iigure  the  lustre  of  the  colour. 

When  raw  silks  are  to  be  dyed,  those  naturally  white  are  chosen,  and  dyed  in  the 
amatto  bath,  which  should  not  be  more  than  tepid,  or  even  cold,  in  order  that  the 
alksli  may  not  attack  the  gum  of  the  silk,  and  deprive  it  of  the  elasticity  which  it  is 
desirable  for  it  to  raeserve. 

What  has  now  been  said  regards  the  silks  to  which  the  aurora  shades  are  to  be 
given:  but  to  make  an  orange  hue^  which  contains  more  re4  than  the  avrora,  it  is 
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requisite,  after  dyeing  with  amatto,  to  redden  the  silks  with  yinegar,  alum,  or  lemon- 
juice.  The  acid,  by  saturating  the  alkali  employed  for  dissolving  the  amatto,  destroys 
the  shade  of  yellow  that  the  alkali  had  given,  and  restores  it  to  its  natural  colour, 
which  inclines  a  good  deal  to  red. 

For  the  deep  shades,  the  practice  at  Paris,  as  Macquer  informs  us,  is  to  pass  the 
silks  through  alum ;  and  if  the  colour  be  not  red  enough,  they  are  passed  through  a 
faint  bath  of  Brazil  wood.  At  Lyons,  the  dyers  who  use  carthamus  sometimes  employ 
old  baths  of  amatto  for  dipping  the  deep  oranges. 

When  the  orange  hues  have  been  redaened  by  alum,  they  must  be  washed  at  the 
river ;  but  it  is  not  necessary  to  beetle  them,  unless  the  colour  turns  out  too  red. 

Shades  may  be  obtained  also  by  a  single  operation,  which  retain  a  reddish  tint,  em- 
ploying for  the  amatto  bath  a  less  proportion  of  alkali  than  has  been  pointed  out; 

GdbJiche  recommends  to  avoid  heat  m  the  preparation  of  amatto.  He  directs  it  to 
be  placed  in  a  glass  vessel,  or  in  a  glased  earthen  one ;  to  cover  it  with  a  solution  of 
pure  alkali ;  to  leave  the  mixture  at  rest  for  24  hours ;  to  decant  the  liquor,  filter  it, 
and  add  water  repeatedly  to  the  residuum,  leaving  the  mixture  eadi  time  at  rest  for 
two  or  three  days,  till  the  water  is  no  longer  coloured ;  to  mix  all  these  liquors,  and 
preserve  the  whole  for  use  in  a  well-stopped  yesseL 

He  macerates  the  silk  for  12  hours  in  a  solution  of  alum,  at  the  rate  of  an  eighth  of 
this  salt  for  one  part  of  silk,  or  in  a  water  rendered  acidulous  by  the  aceto-citric  add 
above  described,  and  he  wrings  it  well  on  its  coming  out  of  this  bath. 

Silk  thus  prepared  is  put  into  the  amatto  bath  quite  cold.  It  is  kept  in  agitation 
there  till  it  has  taken  the  shade  sought  for ;  or  the  Hquor  may  be  maintained  at  a  heat 
fu  below  ebullition.  On  being  taken  out  of  the  bath,  the  silk  is  to  be  washed  and 
dried  in  the  shade. 

For  lighter  hues,  a  liquqr  less  charged  with  colour  is  taken ;  and  a  little  of  the 
add  liquor  which  has  served  for  the  mordant  may  be  added,  or  the  dyed  silk  may  be 
passed  throu^  the  addulous  water. 

We  have  seen  the  following  preparation  employed  for  cotton  velvet : — 1  part  of 
quicklime,  1  of  potash,  2  of  s^. 

Of  these  a  ley  is  formed,  in  which  one  part  of  amatto  is  dissolved ;  and  the  mixture 
is  boiled  for  an  hour  and  a  half.  This  bath  afibrds  the  liveliest  and  most  brilliant 
auroras.  The  buff  (chamois)  fugitive  dye  is  also  obtained  with  this  solution.  For 
this  purpose  only  a  little  is  wanted ;  but  we  must  never  forget  that  the  colours  arising 
from  anatto  are  all  fyigitiye. 

Dr.  John  found  in  the  pulp  surrounding  the  unfermented  fresh  seeds,  which  are 
about  the  size  of  little  peas,  28  parts  of  colouring  resinous  matter,  26<5  of  Togetable 
gluten,  20  of  ligneous  fibre,  20  of  colouring  extractive  matter ;  4  formed  of  matters 
analogous  to  vegetable  gluten  and  extractive,  and  a  trace  of  spicy  and  add  matters. 

The  Gloucestershire  cheese  is  coloured  with  amatto,  in  the  proportion  of  1  cwt 
to  au  ounce  of  the  dye :  butter  is  sometimes  coloured  with  itw 

When  used  in  odico-printing,  it  is  usually  mixed  with  potash  or  ammonia  and 
stsrch. 

Amatto  was  considered  to  contain  two  distinct  colouring-matters,  a  vellow  and  red, 
till  it  was  shown  by  H.  Freisser  that  one  is  the  oxide  of  the  other,  and  that  they  may 
be  (Stained  by  admng  a  salt  of  lead  to  a  solution  of  amatto,  which  predpitates  the 
colouring-matter.  The  lead  is  separated  by  sulphuretted  hydrogen ;  and  the  sub- 
stance being  filCeved  and  evaporated,  the  colouring-matter  is  deposited  in  small 
crystals  of  a  yellow-white  colour.  These  crystals  consist  of  bix^;  they  become 
yellow  by  exposure  to  the  air,  but  if  they  are  dissolved  in  water  they  undergo  no 
change.  When  ammonia  is  added  to  bixvMj  with  free  contact  of  air,  there  is  formed 
a  fine  deep  red  colour,  likd  amatto,  and  a  new  substance,  called  bixetne,  is  produced, 
which  does  not  crystallise,  but  maybe  obtained  as  a  red  powder ;  this  is  coloured  blue, 
by  sulphuric  add,  and  combines  with  alkalis  ;  it  is  bixine  with  addition  of  oxygen. 
When  amatto,  in  the  form  of  paste,  is  mixed  from  time  to  time  with  stale  urine,  it 
appears  probable  that  the  improvement  consists  in  the  formation  of  hixeine  from  the 
bixine  by  the  ammonia  of  the  urine.  It  has  hence  been  suggested  that,  to  improve 
the  colour  of  amatto,  it  might  be  mixed  with  a  little  ammonia,  and  subsequently 
exposed  to  the  air,  previously  to  its  bdng  used  for  dyeing. 

A  solution  of  amatto  and  potash  in  water  is  sold  under  the  name  of  Scott  $  Nati' 
keen  Dye, 

Flag  amatto  paid  a  duty  of  18«.  8<f.  per  cwt,  and  the  other  sorts  5/.  12«.,  previously 
to  1832.  The  duty  was  subsequently  ireduced  to  1#.  per  cwt.  on  the  former  and  4«. 
on  the  latter.    It  was  repealed  in  1845. 

AXXXOJL.  A  genus  of  plants  belonging  to  the  Natural  order  Composite,  and  Sub* 
6rder  '(hryndf{fera.  The  Arnica  montana^  called  Leopard's  Bane,  or  Mountain 
Tobacco,  is  a  native  of  the  North  of  Europe,  and  of  the  Alps.    The  plant  contains  a 
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Tolatile  «a,  cU  of  Amwa;  and  an  alkaline  bitter  principle,  Amicine.    It  is  used 
occasionally  in  medicine. 

AKOBKATIC  vnnMkAJI.  {Acetum  aromaticwn,)  This  is  a  compound  of  strong 
acetic  acid  with  certain  powerful  essential  oils  or  aromatic  herbs.  The  'Edinbuigh 
Pharmacopceia '  orders  it  to  be  made  with  concentrated  acedo  acid,  1^  pints ;  rosemary 
and  thyme  dried,  of  each  1  oe.  ;  lavender,  also  dried,  \  oz. ;  cloves,  bruised,  ^  drachm. 
Macerate  for  seven  days,  strain,  and  express  strongly,  and  filter  the  liquor.  Henry* s 
aromatic  vinegar  is  prepared  bv  dissolving  oils  of  cloves,  lavender,  rosemary,  and  the 
like,  in  concentrated  acetic  acid.  Camphorated  acetic  acid  is  sometimes  substituted  for 
the  acetum  ttromoHcum,  Theee  preparations  have  been  in  great  repute  as  prophy- 
lactics in  conta^ous  fevers.  The  name  of  *  Le  vinaigre  dee  quatre  voleure  *  has  been 
given  to  aromatic  vinegar  in  France — ^it  is  said  from  the  confessions  of  four  thieves 
who,  during  the  plague  at  Marseilles,  plundered  the  dead  bodies  with  perfect  impunity 
after  protecting  tnemselves  with  aromatic  vinegar. 

AWUlVMMXTMm  A  silver  amalgam  from  Uie  mines  of  Arqueros,  near  Coquimbo. 
It  occurs  erystalline.  Domeyko  finds  it  to  consist  of  silver  86*49,  mercury  18'61. 
^  AMMJLOWm  A  spirituous  liquor  £rom  the  East  Indies.  This  term,  or  its  corrup- 
tion, rack,  IB  applied  to  any  spirituous  liquor  in  the  East.  The  truer  anack  is  said  to 
be  distilled  ftom  toddy — the  i^rmented  juice  of  the  cocoa-nut  tree.  It  is,  however, 
frequently  distilled  from  rice  and  sugar,  fermented  with  the  cocoa-nut  juice. 

ABKOBA.  A  measure  of  capacity  and  weight  in  general  use  throughout  all 
those  parts  of  South  America  which  ever  belonged  to  Spain.  It  is  also  used  in 
Manilla  and  the  East.  According  to  Spanish  standard  weight  it  should  be  25*86  lbs. 
English.  As  a  wine  measure  it  is  equal  to  3*54  imperial  ^dlons ;  as  an  oil  measure 
it  is  but  2*78  imperial  gallons. 
ABSOVB.  Sherry  boiled  to  a  syrup ;  used  for  colouring  other  wines. 
ABB01VBOOT.  (Racine  flkhiite,  Er. ;  Pfeilwurz,  Ger.}  The  rhisome  of  the 
Maranta  arundinacea,  a  plant  which  grows  in  the  West  Inoies,  and  furnishes,  by 
pounding  in  mortars,  and  elutriation  through  sieves,  a  peculiar  species  of  starch,  com- 
monlv,  but  improperly,  called  arrowroot.  It  is  reckoned  more  nourishing  than  the 
starch  of  wheat  or  potatoes,  and  is  generally  also  f^r  firom  peculiar  taste  or  flavour. 
The  fresh  root  consists,  according  to  Benzon,  of  0*07  of  volatile  oil ;  26  of  starch  (28 
of  which  are  obtained  in  the  form  of  powder,  while  the  other  8  must  be  extracted 
from  the  parenchyma  in  a  paste  by  boiling  water);  1*58  of  vegetable  albumen ;  0*6 
of  a  gumm^  extract ;  0*25  of  chloride  of  calcium ;  6  of  insoluble  fibrine ;  and  65*5  of 
water.  Tms  plant  was  brought  from  the  Island  of  Dominica,  by  Colonel  James 
Walker  to  Barbadoes,  and  there  planted.  From  thence  it  was  sent  to  Jamaica.  The 
root  appears  to  have  been  used  by  the  Indians  to  yield  a  poison  with  whicJ^  to  smear 
their  arrows,  and  hence  its  name. 

This  plant  has  been  lately  cultivated  with  great  success,  and  its  root  manufactured 
in  a  superior  mariner,  upon  the  Hopewell  estate,  in  the  Island  of  St.  Vincent  It 
grows  there  to  the  height  of  about  3  feet,  and  it  sends  down  its  tap  roots  from  12 
to  18  inches  into  the  ^und.  Its  maturity  is  known  by  the  flagging  and  &lling 
down  of  the  leaves,  which  takes  place  when  the  plant  is  from  10  to  12  months  ol£ 
The  roots  being  dug  up  with  the  hoe,  are  transported  to  the  washing-house,  where 
they  are  thoroughly  freidd  from  all  adhering  earth,  and  next  taken  individually  in 
the  hand,  and  deprived  by  a  knife  of  every  portion  of  their  skins,  while  every 
unsound  part  is  cut  away.  This  process  must  be  performed  with  great  nicety,  for 
the  cuticle  contains  a  resinous  matter  which  imparts  colour  and  a  disagreeable  filavour 
to  the  fecula  which  no  subsequent  treatment  can  remove.  The  skinned  roots  are 
thrown  into  a  large  dstem,  with  a  perforated  bottom,  and  there  exposed  to  the  action 
of  a  copious  cascade  of  pure  water  till  this  runs  off  quite  unaltered.  The  cleansed 
roots  are  next  put  into  the  hopper  of  the  mill,  and  are  subjected  to  the  powerful 
pressure  of  two  pairs  of  polished  rollers  of  hard  brass,  the  lower  pair  of  rollers  being 
set  much  closer  together  than  the  upper.  (Soe^.  74.)  The  starchy  matter  is  thus 
ground  into  a  pulp,  which  falls  into  Uie  receiver  pla<»d  beneath,  and  is  thence  trans- 
ferred to  large  fixed  copper  cylinders,  fanned  inside,  and  perforated  at  the  bottom  with 
numerous  minute  orifices,  like  a  kitchen  drainer.  Within  these  cylinders,  wooden 
paddles  are  made  to  revolve  with  great  velocity,  by  the  power  of  a  water-wheel,  at 
the  same  time  that  a  stream  of  pure  water  is  admitted  from  above.  The  paddle-arms 
beat  out  the  fecula  from  the  fibres  and  parenchyma  of  the  pulp,  and  discharge  it  in 
the  form  of  a  milk  through  the  perforated  bottom  of  a  cylinder.  This  starchy  water 
runs  along  pipes,  and  then  through  strainers  of  fine  muslin,  into  large  reservoirs, 
where,  after  the  fecula  has  subsided,  the  supernatant  liquid  is  drawn  ofi^  and 
fresh  water  being  let  on,  the  whole  is  agitated  and  left  again  to  repose.  When 
the  water  ceases  to  remove  anything  from  the  arrowroot,  all  the  deposits  of  fecula 
are  collected  into  one  cistern,  covered,  and  agitated  with  a  fresh  cha^  of.lrator,  and 
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left  until  the  following  morning.  The  water  being  allowed  to  mn  off,  the  surface 
of  the  deposit  is  carefully  scraped  with  German-silver  palette-knives,  to  remove 
any  impure  or  coloured  parts,  and  the  lower  portions  only  are  dried  and  prepared 
for  the  market  The  greatest  care  is  taken  in  drying;  and  when  dry,  the  fecula  is 
packed  in  tin-cases  for  exportation. 
Fig,  74,  plan  of  arrowroot   grinding  mill,  and   two  sets  of  copper   cylinder 


washing-machines,  with  the  coifnecting  machinery  for  driving  them,  the  washing- 
agitator  being  driven  from  the  connecting  shaft  with  leathern  belts.  Fig,  75,  end* 
elevation  of  copper  was]ung<«ylinder,  with  press  framing,  &c.  The  washing-cylinders 
are  6^  feet  long  and  8|  in  diameter.  The  mill  rollers  are  8  feet  long  and  1  foot  in 
diameter^  Fig,  76,  end-elevation  of  arrowroot  mill,  with  wheels  and  pinionsb  dis* 
•DgagiiigleFer,  ^ 
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Azrowroot  is  brotigfat  into  the  maiket  from  Bexmuda,  St.  Vincent,  Jamaica,  S^b^I* 
\h»  East  Indies,  Natal,  and  Sierra  Leone.  It  is  subject  to  a  duty  of  4*.  per  cwt.  The 
Bermuda  arromroot  was  in  1866  sold  wholesale  at  Is,  2d. 
thepound,  the  other  sorts  varying  from  2J<2.  to  dd. 

The  uses  of  arrowroot  are  too  well  known  and  acknow- 
ledged to  require  reeounting  here.  It  is  the  most  elegant 
and  the  richest  of  all  the  feculas.  liebig  places  the 
powers  of  arrowroot,  as  a  nutriment  to  man,  in  a  very  re- 
mai^ble  point  of  xiew,  when  he  states  that  15  pounds  of 
flesh  contain  no  more  carbon  for  8u|»plying  animal  heat 
by  its  combustion  into  carbonic  add  in  the  system  than  4 
pounds  of  stardi ;  and  that  if  a  sayase,  with  one  animal 
and  an  equal  weight  of  starch,  oonld  maintain  life  and 
health  for  a  certain  number  of  days,  he  would  be  compelled, 
if  confined  to  flesh  abne,  in  order  to  procure  the  carbon 
necessary  for  respiration  during  the  same  time,  to  consume  five  such  animals.    All 


the  starches  are  readily  converted  into  sugar  and  fat,  but  they  are  low  in  their  fiesh- 
produdng  power. 

In  commerce,  the  term  arrowroot  is  frequently  used  generically  to  indicate  a  starch 
or  fecula,  as:— East  India  arrowroot^  prepared  from  the  Curcuma  angustifolia, 
Brazilian  arrowroot  or  Cassava,  the  fecula  of  Jatropka  manikot,  EngUsk  arrowroot^ 
the  starch  of  the  potato  (Solanum  tuberosum),  Portland  arrowroot,  a  white 
amylaceous  powder,  formerly  prepared  in  th»  Isle  of  Portland,  from  the  Arum 
maadaium,  toe  common  Cuchx^pjnt,  called  also  Wake-rolnn  and  Lords  and  Ladies,, 
Takiti  arrowroot,  the  fecula  of  Tkieca  ooMittco,  which  has  been  imported  into  London 
and  sold  as  *  arrowroot  prepared  by  the  native  converts  at  the  missionary  stations  in 
the  South  Sea  Islands.' 

The  presence  of  potato-starch  in  arrowroot,  with  which  it  is  often  adulterated, 
may  be  discovered  l^  the  microscope.  Arrowroot  consiste  of  regular  ovoid  particles 
of  nearly  equal  size,  whereas  potato-starch  consiste  of  partides  of  an  irregular  ovoid 
or  truncated  form,  exceedingly  irregular  in  their  dimensions,  some  being  so  large  as 
iiJ^th  of  an  indi,  and  others  only  ^^^.  Their  surfaces  in  the  arrowroot  are 
smooth  and  free  from  the  streaks  and  ninows  to  be  seen  in  the  potato-partides  by  a 
good  microscope.  The  arrowroot,  moreover,  is  destitute  of  that  fetid  unwhdesome 
oil  eztiacteble  by  alcohol  from  pctato-sterch.  But  the  most  convenient  test  is  dilute 
nitric  add  of  1*10  (about  the  strength  of  single  aquafortis),  which,  when  triturated  in 
a  mortar  with  the  starch,  forms  inunediately  a  transparent,  very  visdd  paste  or  jelly. 
Flour-sterch  ezhibito  a  like  a]ppearance.  Arrowroot^  however,  forms  an  qpaqua 
paste,  andtakes  a  much  longer  tune  to  become  visdd. 

ASanrAXas.    Compounds  of  arsenic  add  with  alkaline  and  metallic  bases. 

AMMWMIC,  derived  from  the  Greek  &fM'f nicby,  masculine,  a  name  applied  to  oipi- 
ment  on  account  of  ite  potent  powers.  Arsenic  occurs  native,  in  veins,  in  ciystelline 
rocks,  and  the  older  sduste ;  it  is  found  in  the  stete  of  oxide,  and  also  combined  with 
Bjolphur,  when  it  is  known  under  the  names  of  yellow  and  red  arsenic  (orpiment  and 
reataar}.  Arsenic  is  associated  with  a  great  man^metellic  ores;  in  this  country  chiefly 
with  those  of  tin,  but  on  the  Ck>ntinent  axsemcal  cobalt  is  the  chief  souxoQ  of  the 
compounds  of  azsenic 
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The  following  are  the  principal  ores  of  arsenic  :— 

NaHve  Arsenic, — ^The  most  common  form  of  natiye  arsenic  is  that  of  renifoim  and  sta- 
lactitic  masses,  often  mammillated,  and  splitting  off  in  thin  successive  layers  like  those 
of  a  shell.  It  possesses  a  somewhat  metUlic  lustre,  and  a  tin-white  colour  and  streak, 
which  soon  tarnishes  to  a  dark  grey.  Its  specific  grayity  is  6*98.  Before  the  blow- 
pipe it  gives  out  an  alliaceous  odour,  and  volatilises  in  wMte  fumes.  It  is  found  in 
the  silver  mines  of  Freiberg,  Annaberg,  Marienbeiig,  and  Schneeberg  in  Saxony ;  also  at 
Joachimstahl  in  Bohemia,  ^dreasberg  in  the  Hartc,-  ^pnik  in  Tran^lvania,  Oiawitza, 
in  the  Bannat,  Eongsberg  in  Norway,  Smeoff  in  Sib^ia,  in  Alsace,  in  Borneo,  and, 
according  to  Dana,  at  Haverhill,  and  at  Jackson,  N.  H.  in  the  United  States. 

Anenical  Antimony, — This  mineral  occurs  at  Allemont;  also  at  Prabram  in 
Bohemia,  where  it  occurs  in  metallic  veins  associated  with  blende,  antimony,  and 
spathic  iron ;  at  Schladming  in  Styzia ;  and  Andreasbeig  in  the  Harts.  Its  com- 
position is : — ^Arsenic,  63*62 ;  antimony,  86*38.  When  e]^osed  to  the  action  of  the 
blowpipe,  this  mineral  emits  Aimes  of  arsenic  and  antimony;  and  fuses  to  a  metallic 
globule,  which  takes  fire  and  bums  away,  leaving  oxide  of  antimony  on  the  charcnal. 

WkUe  Arsenic  or  Arsenious  Acid  {Arsenolite)  is  often  formed  by  the  decomposition 
of  other  arsenical  ores,  and  is  composed  of  arsenic  75*76,  and  oxygen  24*24.  It  occurs 
either  in  minute  radiating  ca|nllazy  crystals  and  crusts  investing  other  substances,  or 
in  a  stalacUtic  or  botryoidal  form.  Before  the  blowpipe  it  volatilises  in  white  fumes : 
in  the  inner  fiame  it  blackens  and  aves  out  an  alliaceous  odour ;  its  specific  gravity  is 
8*69.  It  is  white,  sometimes  witn  a  yellowish  or  reddish  tinge,  and  has  a  silky  or 
.  vitreous  lustre.    It  possesses  an  astringent,  sweetish  taste. — ^H.  W.  B. 

Bealgar  ^anciently  called  Sandaracct)^  red  orpiment,  or  ruby  sulphur,  is  a  suhkide 
qf  arsenic,  naving  a  composition,  sulphur  29*91,  arsenic  70*09 1- AsS*  (As*S').  It 
occurs  in  Hungaiy,  Saxony,  Switserland,  and  China. 

Orfiment  (a  corruption  of  its  Latin  name,  auripigmentum—goldeiL  paint),  yellow 
sulphide  of  arsenic :  its  composition  is,  sulphur  89,  arsenic  61  ■>  AsS*  ( As^B'.^  Bums 
witn  a  blue  fiame  on  charcoal,  and  emits  fumes  of  sulphur  and  arsenic  J)issolve8 
in  nitro-muriatic  acid  and  ammonia.    It  is  found  in  Hungaiy,  the  Harts,  &c 

Both  realgar  and  orpiment  are  artificially  prepared  and  used  as  pigments.  See 
Obfdcezvt,  Kbalgab. 

AnaBNic  is  a  brittle  metal,  of  an  iron-grey  colour,  with  a  good  deal  of  brilliancy. 
It  may  be  prepared  bv  triturating  arsenious  acid,  or  the  white  arsenic  of  com- 
merce, with  blade  fiux  (doarcoal  and  carbonate  of  potash),  and  subliming  in  a  tube. 
If  arsenical  pyrites  be  ignited  in  close  tubes,  metallic  arsenic  subHmes,  and  suir 
phuret  of  iron  remains.  This  metal,  when  exposed  in  the  air,  gradually  absorbs 
oxygen,  and  falls  into  a  grey  powder  (suboxide).  This  is  sold  on  the  Continent  as 
fly-pomier. 

To  prepare  arsenic  on  a  larger  scale,  mispickel,  or  the  other  ores  employed,  are 
pounded ;  some  pieces  of  old  iron  are  mixed  with  the  ore,  to  retain  the  combined 
sulphur,  and  the  mixture  placed  in  retorts  between  four  and  five  feet  in  length,  to 
which  receivers  are  adapted.  The  retorts  are  moderately  heated  by  a  fire  placed 
beneath  them ;  the  ores  are  decomposed,  and  met^c  arsenic  is  sublimed  and  con- 
densed in  the  receivers.  The  arsenic  obtained  in  this  wav  is  purified  bv  a  second 
distillation  with  a  little  charcoaL  The  atomic  weight  of  arsenic  is  75;  its 
symbol  As. 

Arsenic  is  used  in  small  quantities  in  the  preparation  of  several  alloys ;  whilst 
arsenious  add  is  employed  in  the  manufacture  of  opal  glass ;  and  is  much  used  in  the 
manufacture  of  shot,  to  which  the  reduced  arsenic  imparts  a  certain  degree  of  hard- 
ness ;  and,  by  preventing  the  distortion  of  the  falling  drops  of  metal,  and  thus  securing 
regular  glolmles,  the  manufacture  is  greatly  fcusilitated.  It  is  also  used  in  pyrotechny. 

JkMmaanO  ACIB.  AsO*.  8H0  (B'AsO*).  This  add  was  first  produced  on  a 
large  scale  by  M.  G^  Kopp.  He  employs  nitric  add  to  convert  arsenious  add  by 
oxidation  into  arsenic  add,  and  by  passing  the  nitrous  add  ftames  evolved,  together 
with  air,  over  cc^  moistened  with  water,  he  recovers  two-thirds  or  three-fouitiis  of 
the  nitric  add  employed.  The  proportions  he  adopts  are  808  kilogrammes  (nearly 
2^  lbs.  ttvoirdmiois  each)  of  nitrie  acid  of  1*85  sp.  gr.  to  400  kilogrammes  of  arsenious 
add,  and  by  adding  the  nitric  add  gradually,  the  oxidising  action  may  be  accomplished 
without  the  application  of  heat. 

Arsenic  add  is  now  almost  universally  employed  in  the  manufacture  of  Rosaniline, 
and  is  therefbre  an  artide  of  great  consumption.  It  is  also  largely  used  for  the  'vdiite 
discharge  of  Turkey  red. 

M.  Kopp  has  noticed,  that  without  any  ii:jury  to  the  general  health,  a  natural  ten- 
dency to  stoutness  was  produced  whilst  working  with  arsenic  add.  In  the  course  of 
tea  weeks,  while  engaged  on  experiments  with  arsenic  add,  M.  Kopp  himself  increased 
in  weight  considerably  more  than  twenty  pounds,  which  he  lost  again  when  the  ezpe- 
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rlments  wofe  echcinded.  The  workpeople  engaged  in  the  manufactiure  of  BoBaniline 
aie  similarly  affocted. 

Arsenate  of  Potash  is  prepared,  in  the  small  way,  by  exposing  to  a  moderate  heat, 
in  a  cmcible,  a  miztore  of  equal  parts  of  white  arsenic  and  nitre  in  powder.  After 
fusion  the  crucible  is  to  be  cooled ;  the  contents  being  dissolved  in  hot  water,  and  the 
solution  filtered,  will  afibrd  regular  crystals  on  cooling.  It  is  an  add  salt,  usually 
called  the  binarsenate  of  potash.  This  article  is  prepared  upon  a  great  scale,  in 
Saxony,  by  melting  nitre  and  arsenious  acid  together  in  a  cylinder  of  cast-iron.  A 
neutral  arsenate  also  is  readily  formed  by  saturating  the  excess  of  acid  in  the  above 
salt  with  potash ;  it  does  not  crystallise.  The  add  arsenate  is  occasionally  used  in 
calico-printing,  for  preventing  certain  points  of  the  cotton  cloth  from  taking  on  the 
mordant;  wiSi  which  view  it  is  mixed  up  with  gum-water  and  pipe-day  into  a  paste, 
whidi  is  applied  tp  such  places  with  a  block. 

Arsenate  of  Soda, — ^An  add  arsenate  of  soda,  prepared  by  heating  white  arsenic  and 
nitrate  of  soda,  is  now  used  in  calico-printing. 

AXSaVICf  SmUPBXSas  OV.    See  OBPncEMT ;  Keixoab. 

AXSWSUbO*  Ground  atacamite,  or  native  oxychloride  of  topper,  sometimes 
used  in  Chili  as  sand  for  letters. 

AmsXWlOVS  ACOB.  WkUe  Arsenic,  Flowers  of  Arsenic,  AsO'  (AsHM).— 
This  is  the  white  arsenic  of  commerce,  usually  called  Arsenic  It  is  obtained  in  this 
conntiy  ^m  the  arsenical  ores  of  iron,  tin,  &c,  and  on  the  Continent  from  those  of 
cobalt  and  nickeL  It  is  prepared  by  heating  the  ores  containing  apmenio  on  the  sole 
of  a  zeverberatoiy  ftimaoe,  through  which  a  current  of  air,  after  passing  through  the 
grate,  is  allowed  to  pla;^.  The  following  ores  are  the  more  remarkable  of  this  class 
— the  quanti^  of  arsenic  in  100  parts  is  given  in  each  case. 

Mispickelf  or  arsenical  iron 42*88 

Lolmaitet  arsenical  pyrites  .....  65*88 

Kupfemickel,  arsenical  nickel      ....  54*78 

Bammelsberyite,  white  arsenical  nickel  .        .  72*64 

Smaltine,  tin-white  cobalt 74*22 

Safflarite,  arsenical  cobalt 70*37 

In  the  roasUng  of  tin  ores,  a  considerable  quantity  of  arsenious  acid  is  collected  in 
the  flues  leading  from  the  f^imaces  in  which  this  process  is  effected. 

The  extraction  of  white  arsenic  from  the  cobalt  ores  is  performed  at  Altenbeig  and 
at  Bddienstein,  in  Silesia,  with  an  apparatus  excellently  contrived  to  protect  the 
health  of  the  smelters  from  the  vapours  of  this  poisonous  sublimate. 

Fiffs,  77  to  80  represent  the  arsenical  furnaces  at  Altenberg.  Fiff,  77  is  a  vertical 
section  <k  the  poison  tower;  Jia,  78,  a  longitudinal  section  of  tiie  subliming 
furnace  ▲,  with  the  acHoining  vault  B,  and  the  poison  tower  in  part  at  n;  fig,  79,  the 
transverse  section  of  the  furnace  A,  of  fig.  78 ;  fy,  80  ground-pLan  of  the  nirnace  a., 
where  the  left  half  shows  the  part  above,  and  the  risht  the  part  below  the  muffle  or 
oblong  retorts ;  b'  is  the  upper  view,  B"  the  ground  plan  of  the  vault  b,  of  ^.  78 ; 
M,  n,  the  base  of  the  poison  tower.  ^  In  the  several  fl^pires  the  same  letters  denote  the 
same  objects ;  a  is  the  muffle ;  6  is  its  mouth  for  turning  over  the  arsenical  schlich,  or 
gxound  ore ;  e^e,  c^  fire-draughts  or  flues ;  tf,  an  aperture  for  charging  the  muffle  with 
fresh  sdilidi ;  e,  the  smoke  diimney ;  /,  two  channels  or  flues  for  the  ascent  of  the 
arsenious  fumes,  which  proceed  to  other  two  flues  ^,  and  then  terminate  both  in  h, 
whidi  conducts  the  fumes  into  the  vault  b.  They  issue,  by  the  door  i,  into  the  con- 
duit k,  thence  by  /  into  the  spaces  m,  n,  0,  p,  q,  r,  of  the  tower.  The  incondensable 
gases  escape  by  the  chimney  s.  The  cover  t  is  removed  after  completion  of  ike 
process,  in  order  to  push  down  the  predpitate  into  the  lower  compartments. 

The  arsenious  schlichs,  to  the  amount  of  9  or  10  cwt.  for  one  operation  (1  roast- 
post,  or  roasting  round),  are  spread  2  or  8  inches  thick  upon  the  bottom  of  the  muffle, 
and  heated  wim  a  brisk  fire  to  redness,  then  with  a  gentler  heat,  in  order  to  oxidise 
completely,  before  subliming,  the  arsenical  ore.  'With  this  view  the  air  must  have  free 
entrance,  and  the  front  aperture  of  the  muffle  must  be  left  quite  open.  After  11  or  12 
hours,  the  caldned  materials  are  raked  out  by  the  mouth  of  the  muffle,  and  flpesh 
ones  are  introduced  by  the  openings  indicated  above,  which  are  closed  during  the 
sublimation. 

The  arsenious  add  found  in  these  passages  is  not  marketable  till  it  be  rosubliB^d 
in  large  iron  pots,  surmounted  with  a  series  of  sheet-iron  drums  or  cast-iron  cylinders, 
upon  the  sides  of  which  the  arsenic  is  condensed  in  its  compact  glassy  form,  llie  top 
cylinder  is  furnished  with  a  pipe  which  terminates  in  a  condensing  chamber. 

Figs.  81,  82,  represent  the  arsenic-refining  furnaces  at  Beichenstein.  F^,  81  shows 
at  A,  a  vertical  section  of  the  furnace,  the  kettle,  and  the  surmounting  drums  or 
cyUnder^ ;  over  b  it  is  seen  in  elevation ;  fig,  82  is  a  ground-plan  of  the  four  fire* 
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places,    a  is  the  grate ;  d,  the  ash-pit ;  e,  the  openings  for  firing ;  d,  the  fire-pkce ; 
e,  iron  pots  or  kettles  which  are  charged  with  the  arsenions  powder ;  /,  the  fire-flues 

SO 


proceeding  to  the  common  chimney  y;  h 
iron  cylinders ;  t,  caps ;  Jk,  pipes  leading  to 
the  poison-vent  /;  m,  openings  in  the  pipes 
for  introducing  the  probing-wires. 

The  conduct  of  the  process  is  as  follows : 
The  pot  is  filled  nearly  to  its  brim  with 
34  cwt.  of  the  arsenic  meal ;  the  cylinders 
are  fitted  on  by  means  of  their  hanmes,  and 
luted  together  with  ft  miilnre  of  loam, 
blood,  and  hair;  then  is  applied  first  a 
gentle,  and  after  half  an  hour,  a  strong 
fire,  whereby  the  arsenic  is  raised  partly 
in  tiie  form  of  a  white  dust,  and  partly  in 
crystals ;  which,  by  the  continuanoe  of  the 
heat,  Aise  together  into  a  homogeneous  mass. 
If  the  fire  be  too  feeble,  only  a  sublimate 


is  obtained ;  but  if  too  violent,  much  of  the  arsenic  is  volatilised  into  the  pipes.    The 
jrorkmen  judge  by  the  heat  of  the  qrlinders  whether  the  operation  bo  going  on  well  or 
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not  After  12  honrs  the  ftirnace  la  allowed  to  cool,  provided  the  probe-wires  show 
that  the  sublimation  is  over.  The  cylinders  are  then  lifted  off,  and  the  arsenions 
^dass  is  detached  from  their  inner  surface.  According  to  the  quality  of  the  poison- 
lour,  it  jields  from  Jths  to  Jths  of  its  weight  of  the  glass  or  enamel.  Shomd  any 
dark  particles  of  metallic  arsenic  be  intermixed  with  the  glass,  a  fresh  sublimation 
must  be  had  recourse  to. 

In  these  operations,  if  any  sulphur  is  present  it  is  conyerted  into  sulphurous  acid, 
whidi  eeeapes  through  the  chimney,  while  the  arsenious  add  is  condensed  in  proper 
chambers,  placed  in  the  flues  to  receiTe  it.  Freshly  prepared  arsenious  acid  is  a 
perfectly  transparent  solid  mass;  but  by  exposure  it  becomes  transformed  into  an 
opaque  body  resembling  porcelain. 

White  araenie  is  extenshrely  used  in  the  preparation  of  various  pigments,  as  the 
hmUpUdet  or  realgar,  the  teraulphide,  or  orpiment,  and  also  in  the  mineral  greens 
used  bjr  pa^r-stainers.  It  has  been  stated  that  paper  stained  with  the  arsenical 
greens  is  injurious  to  health.  Very  much  has  been  said  on  this  subject ;  but  the 
following  remarks  by  "Mi,  Alfired  Fletcher  appear  to  settle  the  question : — 'Now,  it  is 
stated  that  in  a  medical  work  an  instance  is  noted  in  which  injury  has  been  received 
by  those  living  in  rooms  decorated  with  these  colours  :  surely,  were  the  proximity  of 
such  materials  ii^jurious,  it  would  not  be  necessary  to  search  in  recondite  books  for 
the  registry  of  isolated  cases.  The  fact  of  the  large  extent  to  which  such  materials 
have  idways  been  employed  is  a  sufficient  proof  that  there  is  no  danger  attending 
their  use ;  moreover,  worlonen  who  have  been  daily  employed  for  many  years  in  manu- 
&cturing  large  quantities  of  these  colours,  under  the  necessity  of  constantly  handling 
them,  are  in  the  regular  enjoyment  of  perfect  health,  though  exposed  also  to  the 
general  influences  of  a  chemical  factory.  Let  blame  be  laid  at  the  nght  door,  and  let 
the  public  be  assured  that  it  is  not  the  looking  at  cheerful  walls,  the  Angering  of 
brightly  ornamented  books,  nor  the  wearing  of  tasteftilly  coloured  clothing,  that  will 
hurt  them,  but  the  dwelling  in  ill-ventilated  rooms.' 

Anenite  cf  Copper, — Schdd^s  green  is  a  combination  of  arsenious  add  with  oxide  of 
copper,  or  an  arsenite  of  copper.    See  Scheelb's  Grbbk. 

AssBino,  PoisoKiira  bt. — ^This  poison  is  so  commonly  the  cause  of  death,  by 
acddent  and  by  design,  that  it  is  important  to  name  an  antidote  which  has  been  em- 
pl^^Bd  with  Tery  great  success. 

This  is  the  iydrated  peroxide  of  iron.  This  preparation  has  no  action  on  the 
sTstem,  and  it  may  therefore  be  administered  as  largely  and  as  quickly  as  posdble. 
The  following  statement  will  render  the  action  of  this  hjrdrated  salt  intelligible. 
When  hydrated  peroxide  of  iron  is  mixed  in  a  thin  paste  with  the  solution  of  arse- 
nious add,  this  disappears,  bdngchanged  into  arsenic  acid  (a  far  less  active  oxide),  and 
the  iron  into  protoxide,  2Fe'  0*  and  As  0*,  produdng  4Fe  0  +  As  0*.  The  hjrorated 
peroxide  of  iron  may  be  made  in  a  few  minutes  by  adding  carbonate  of  soda  to 
any  salt  of  the  red  oxide  of  iron  (perehloride,  acetate,  &c).  It  need  not  be  washed, 
as  the  liquor  contains  only  a  salt  of  soda,  which  would  be,  if  not  benefldal,  certainly 
not  injunous. — Kane, 

JDeieeiion  qf  Arsenic  in  Cksee  ofFoieoning, 

Arsenious  acid,  which  is  almost  always  the  form  in  which  the  arsenic  has  entered 
the  system,  possesses  the  power  of  preventing  the  putrefaction  of  animal  substances ; 
and  hence  the  bodies  of  persons  that  have  b^n  poisoned  b^  it  do  not  readily  putrefv. 
The  arsenious  add  combines  with  the  fatty  and  albuminous  tissues  to  form  sohd 
compounds,  which  are  not  susceptible  of  alteration  under  ordinary  circumstances. 
It  hence  has  frequently  occnired  that  the  bodies  of  penons  poisoned  by  arsenic 
have  been  found,  long  after  death,  scarcely  at  all  decomposed ;  and  even  where  the 
general  mass  of  the  bo^  had  completely  disappeared,  the  stomach  and  intestines 
had  remained  preserved  by  the  arsenious  add  which  had  combined  with  them,  and 
by  its  detection  the  crimes  committed  many  years  before  have  been  brought  to  light 
and  punished.— £ane. 

The  presence  of  arsenic  may  be  determined  by  one  of  the  following  methods : — 

1.  Portions  of  the  contents  of  the  stomach  or  bowels  being  gently  heated  in  a  glass 
tube,  open  at  both  ends,  the  arsenic,  if  in  any  quantity,  will  be  sublimed,  and  collected 
as  minute  brilliant  octahedrons  of  arsenioua  acid. 

2.  Or  if  the  ignition  is  effected  in  a  tube  closed  at  one  end,  metallic  arsenic  sub- 
limes, forming  a  steel-grey  coat,  and  emitting  a  strong  smell  of  garlic 

3.  Ammoinaoal  Nitrate  of  Silver  produces  a  canard-yellow  ^ffedpitate  of  arsenite  of 
silver  in  a  solution  of  axsenious  add.    The  tribasic  phosphate  of  aoda  produces  a 
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yellow  predpitftto  of  tribasic  phosphate  of  silvor,  which  exactly  resembles  the 
araenite.  The  phosphate  is,  however,  the  more  soluble  in  ammonia,  and  when  heated 
gives  no  volatile  product;  while  the  arsenite  is  decomposed  into  white  arsemc  and 
oxygen,  leaving  metallic  silver  behind. 

4.  Anmoniacal  Suiphate  of  Copper  produces  a  fine  apple-green  precipitate  of 
arsenite  *of  copper,  which  is  dissolved  in  an  excess  of  either  acid  or  ammonia.  It 
is,  however,  uncertain,  unless  the  precipitate  be  dried  and  reduced. 

5.  The  Reduction  Test — ^Any  portion  of  the  suspected  matter,  being  dried,  is  nixed 
with  equal  parts  of  <^nide  of  potassium  and  carbonate  of  potash,  both  diy.  This 
mixture  is  to  be  introduced  into  a  tube  terminating  in  a  bulb,  to  which  heat  is 
applied,  when  metallic  arsenic  sublimes. 

6.  Marsh's  Tm^— This  is  one  of  the  most  delicate  and  usefdl  of  tests  for  this  poison, 
and  when  performed  with  due  care  there  is  little  liability  to  error.  The  liquid  con- 
tents of  the  stomach,  or  any  solution  obtained  by  boiling  the  oonteats,  is  freed  as 

^  much  as  possible  from  animal 

/T  "0         I  "fl     II    I    1^  I    ■   ■    SS&   matter  by  any  of  the  well- 

-  *-  *  known  methods  for  doing  so. 

This  fluid  is  then  rendered 
moderately  acid  by  sulphuric 
add,  and  introduced  into  a 
bottle  properly  arranged. 

Fig.  83  is  the  best  form 
for  iiarsh's  apparatus: — a 
is  a  bottle  capable  of  holding 
hal^  or,  at  mo8t»  a  pint  Both 
necks  are  fitted  with  new 
perfbrated  corks,  which  must 
be  perfectly  tight  Through 
one  of  these  the  funnel-tube 
b  is  passed  air-tight,  and 
through  the  other  the  bent  Jtubo  c,  which  is  expanded  at  e  into  a  bulb  about  an 
inch  in  diameter.  This  bulb  serves  to  collect  the  partides  of  liquid  which  are  thrown 
up  fiom  the  contents  of  the  bottle,  and  which  drop  again  into  the  latter  from  the 
end  of  the  tube.  The  other  end  of  tjie  tube  is  connected,  by  means  of  a  cork,  with  the 
tube  dt  about  six  inches  long,  which  is  filled  with  fused  chloride  of  M^linmn^  free  from 
powder,  destined  to  retain  the  moisture.  In  the  opposite  end  of  the  tube  d  is  fi^ed, 
air-tight,  another  tube,  e,  made  of  glass  free  from  lead,  13  inches  long,  and,  at  most 
^th  of  an  inch  in  internal  diameter.  It  must  be  observed  that  the  ftinnel-tnbe  d  is 
indispensably  necessary  to  introduce  the  fluid  to  the  pieces  of  pmfedJy  pure  metallic 
sine  already  placed  in  the  bottle.  Hydrogen  gas  is  at  once  formed,  and  if  arsenic  be 
present,  in  even  the  smallest  quantity,  it  combines  with  the  hydrogen,  and  escapee 
as  arseniuretted  hjrdrogen.  If  the  gas  as  it  issues  from  the  jet  is  set  on  fire,  no 
product  but  water  is  generated  if  the  hydrogen  be  pure ;  and  by  holding  against  the 
flame  a  cold  white  poroelain  basin,  or,  piece  di  glass,  or  of  mica,  no  steam  is  jxroduced, 
and  a  dew  is  formed  upon  the  cold  surface.  If  arsenic  be  present,  a  deposit  is  ob- 
tained, which,  according  to  the  part  of  the  flame  in  which  the  substance  to  receive  it 
is  placed,  will  be  either  a  brown  stain  of  metallic  arsenic,  or  a  white  one  of  arsenious 
aad.  If  the  quantity  of  arsenic  is  too  small  to  be  detected  in  this  way,  it  will  be  well 
to  i^te  the  horizontal  part  of  the  tube.  All  the  arseniuretted  hydrogen  will,  in 
passing  that  point,  become  decomposed,  and  deposit  its  arsenic.  The  heat  will  drive 
this  forward,  and  a  little  beyond  the  heated  portion  metallic  arsenic  will  be  con- 
densed. Several  precautions  are  necessary  to  be  observed;  but  for  the  details  of 
those  we  must  refer  to  works  especially  directed  to  the  consideration  of  this  subject 
One  source  of  error  must,  however,  be  alluded  ta  A  compound  of  antimony  and 
hydrogen  is  formed  under  similar  circumstances ;  and  this  gas  in  many  respects  re- 
sembles the  compound  of  arsenic  and  hydrogen.  If  the  stain  formed  by  the  flame 
is  arsenic,  it  will  dissolve,  when  heated,  m  a  drop  or  two  of  sulpho-hydnde  of  am- 
monia, and  a  lemon-yellow  spot  is  left ;  if  antimony  is  present,  it  leaves  a  yellow 
stain. — Wokier, 

If  a  drop  of  bromine  is  placed  on  a  saucer,  and  a  capsule  containing  arsenical  spots 
inverted  over  it  the  spots  take  a  very  bright  lemon-yeUow  tinge  in  a  short  time.  Anti- 
monial  spots,  under  the  same  circumstances,  are  acted  on  much  more  rapdly  (in  about 
flve  seconds  at  a  temperature  of  52^  F.),  and  assume  an  orange  shade.  Both  become 
colourless  if  exposed  to  the  air,  and  are  again  restored  if  treated  with  a  strong  solu- 
tion of  sulphuretted  hydrogen.  The  secondary  yellow  of  the  arsenical  spots,  as 
observed  by  Lassai^pe,  disappears  on  the  addition  of  ammonia,  whilst  that  of  the  an- 
timonial  spots  remauis  untouched.    A  concentrated  solution  of  iodate  of  potash  turns 
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anenieal  spots  of  a  dnnamon-iod  and  dissolves  them  almost  immediately.  On  anti- 
monial  spots  it  has  no  visible  action  within  three  or  four  hours.  Solutions  of  the 
hjpochlorites  (chlorides)  of  soda  and  lime  and  chlorine-vrater  dissolve  arsenical  spots 
instantaneonsly,  leaving  those  of  antimony.  A  concentrated  solution  of  the  chlorate 
of  potash  cradnaUy  acts  upon  arsenical  spots,  but  not  upon  those  of  antimony.  The 
mtropmsside  of  potassium,  on  the  other  hand,  slowly  dissolves  antimony,  producing 
no  perceptible  efect  upon  arsenic  The  statement  of  Bischofl^  that  arsemcal  spots 
were  soluble,  antimoniiu  insoluble,  in  a  solution  of  the  chloride  of  sodium,  could  not 
be  verified,  as,  alter  repeated  trials,  it  was  found  to  leave  both  not  perceptibly  affected. 
The  chloride  of  barium,  the  hypochlorate  and  the  sulphite  of  ammonia,  afifbrded  like- 
wise no  distinpnishing  action.  The  nitrate  of  ammonia  dissolves  arsenical  more  rajndly 
than  antimomal  stains.  Of  these  reactions  the  most  decisive  are  those  of  iodate  of 
potash,  h^mochlorites  of  soda  and  lime,  and  fresh  chlorino-wator. 

It  is  weU  known  that  fluids  mixed  with  glutinous  matter  are  very  liable  to  froth  up 
when  hydrogen  is  disencaged  in  them,  from  the  mutual  action  of  sine  and  a  dilute 
add ;  s^  that  the  froth  obstructs  the  due 
performance  of  the  experiment  of  Marsh. 
A  committee  appointea  b^  the  Prussian 
Government  contrived  an  ingenious  modi- 
fication of  Marsh's  apparafeos,  the  annexed 
term  {fig,  84)  representing  a  convenient 
simplification  of  it  by  Br.  Ure: — ^a,  is  a 
nsBow  glass  cylinder,  open  at  top,  about 
10  inches  high,  and  \\  or  1}  inch  diameter 
inside;  b  is  a  glass  tube,  about  1  inch  dia- 
meter oat^de,  diawn  to  a  point  at  bottom, 
and  shut  with  a  cork  at  top.  Through  the 
eentrs  of  this  oozk  the  small  tube  c  passes 
down  air*tig^  and  is  Amushed  at  top  with 
a  stopoo^  into  iriucfa  the  bent  small  tube 
of  ^ass  (iriihoot  lead)  ■  is  cemented.  The 
beiSi  tube  v  is  joined  to  the  end  of  b  with  a 
coUar  of  caoutchouc,  or  a  perfbrated  cork, 
whidi  will  be  found  more  convenient. 

The  manner  of  using  this  apparatus  is 
as  follows : — Introduce  a  few  oblong  slips 
of  sine,  free  from  arsenic,  into  b,  and  then 
insert  its  air-tight  cork  with  the  attached 
tubes.  Having  opened  the  stopcock,  pour 
into  A  as  much  c^  the  suspected  liquid, 
addnlated  with  dilute  hydrochlorie  or  sul- 
phuric add  (each  pore)  as  will  rise  to  the 
top  of  the  e^k,  after  b  is  frdl,  and  imme- 
diately shut  the  stopcock.  The  ^crated 
hydrogen  will  force  down  the  liquid  out  of  the  lower  orifice  of  b  into  a,  and  raise  the 
levd  of  it  above  the  cork.  The  extremity  of  the  tube  f  bdng  dipped  beneath  the 
snr£M»  of  a  weak  solution  of  nitrate  of  silver,  and  a  spirit-fiame  being  placed  a  little 
to  the  left  of  the  letter  b,  the  stopcock  is  then  to  be  sughtiy  opened,  so  that  the  gas 
whidi  now  fills  the  tube  b  may  esca^  so  slowlv  as  to  pass  off  in  sepuate  small  bubbles 
through  the  silver-solution.  By  this  means  tne  whole  of  the  arsenic  contained  in  the 
arseninzetted  hydrogen  will  be  deposited  dther  in  the  metallic  state  upon  the  inside 
of  the  tnbe  b,  or  with  the  silver  in  the  characteristic  black  powder.  The  first  charge 
of  gas  in  B  being  eixpended,  the  stopcock  is  to  be  shut  tfll  the  liquid  be  again  ex- 
pelled from  it  by  a  fresh  disengagement  of  hydrogen.  The  rins  of  metallic  arsenic 
deposited  beyond  a  may  be  chased  onwards  by  pladng  a  second  fiame  under  it,  and 
thereby  formed  into  an  oblong  brilliant  steel-Uke  mirror.  It  is  evident  that  by  the 
patient  use  of  this  apparatus  the  v4iole  arsenic  in  any  poisonous  liquid  may  be 
collected,  weighed,  and  suljected  to  eveiv  kind  of  cheiiii<»l  verification.  If  f  be 
joined  to  b  b]^  means  of  a  perforated  cork,  it  may  readily  be  turned  about,  and  its 
ti^nr  point  raised  into  a  position  such  as  when  the  hydrogen  issuing  from  it  is  kindled, 
the  fiame  may  be  made  to  phiy  upon  a  sur&ce  of  glass  or  porcelain,  in  order  to  produce 
the  arsenical  mirror, 

7.  Bein9ek*9  21>sf.— Professor  Beinsch  ^posed  an  entirely  difibrent  method  of 
detecting  arsenic,  which  consists  in  addtdating  any  suspected  fiuid  with  hydrochloric 
add,  heating  in  it  a  thin  plate  of  bright  copper,  upon  which  the  arsenic  is  depodted  in 
the  form  of  a  thin  metalhc  crust,  and  then  separating  the  arsenic  from  the  copper  in 
the  state  of  oxide  by  snljecting  the  copper  to  a  low  rod  heat  in  a  glass  tabs.    Organic 
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fluids  and  solids  suspected  to  oontain  arsenic,  may  be  prepared  fw  this  purpose  by 
boiling  them  for  half  an  hour  with  a  little  hydrochloric  acid ;  solid  matters  b^ng  cut 
into  small  shreds,  water  being  added  in  sufficient' ^uantit^  to  let  the  ebullition  go  on 
quietly,  and  care  being  taken  to  continue  the  boibng  until  the  solids  are  either  dis- 
solyed,  as  generally  happens,  or  are  reduced  to  a  state  of  minute  diyision. 

The  meUiod  of  Seinsch  is  exceedingly  delicate,  for  it  is  adequate  to  detect  a 
250,000th  part  of  arsenic  in  a  fluid.  It  is  also  perfect  in  another  respect :  it  does  not 
leaye  any  arsenic  in  the  subject  of  analysis ;  none,  at  least,  which  can  be  detected  by 
any  other  means,  eyen  by  the  most  delicate  process  yet  proposed,  that  of  Mr. 
Harsh. 

Cut  the  copper  on  which  the  arsemc  is  depoated  into  small  chips,  so  that  they 
may  be  easily  packed  in  the  bottom  of  a  small  glass  tube,  and  apply  a  low  red  heat. 
A  white  crystalline  powder  sublimes ;  and  if  this  be  examined  in  the  sunshine,  or 
with  a  candle  near  it,  a  magnifier  of  four  or  fiye  powers  will  enable  the  obseryer  to 
distinguish  the  equilateral  triangles  composing  the  facets  of  the  octahedral  crystals, 
which  are  formed  by  arsenious  acid  when  it  sublimes.  Sometimes  the  three  equal 
angles,  composing  a  comer  of  the  octahedron,  may  be  seen  by  turning  the  glass  in 
yarious  directions.  If  triangular  fetcets  cannot  be  distinguished,  owing  to  the  minute- 
ness of  the  crystals,  then  shake  out  the  copper  chips,  dose  the  open  end  of  the  tube 
with  the  finger,  and  heat  the  sublimed  powder  oyer  a  yery  minute  spirit-lamp  flame, 
chasing  it  up  and  down  the  tube  till  crystalB  of  adequate  sise  are  formed.  Kext  boil 
a  little  distilled  water  in  the  tube  oyer  the  part  where  the  crystalline  powder  is 
collected;  and  when  the  solution  is  cold,  diyide  it  into  three  parts,  to  be  tested 
with  ammoniacal  nitrate  of  silyer,  ammoniacal  sulphate  of  copper,  and  sulphuretted 
hydrogen,  either  in  the  state  of  gas  or  dissolyed  in  water. 

8.  Fleiimann's  Tett, — If  a  solution  containing  arsenic  be  mixed  with  a  large  excess 
of  concentrated  solution  of  potassa,  and  boilM  with  fragments  of  granulated  nnc, 
arseniuretted  hydrogen  is  eyolyed,  and  may  be  easily  recognised  by  allowing  it  to 
pass  on  to  a  piece  of  filter  paper  spotted  oyer  with  solution  of  nitrate  df  ^yer.  Hiese 
spots  assume  a  purplish-blade  colour,  eyen  when  a  smallquantity  of  arsenic  is  present. 
This  experiment  may  be  performed  in  a  small  flask,  famished  with  a  perforated 
cork  carrying  a  piece  of  glass  tube  of  about  \  inch  diameter.  It  will  be  obsoryed, 
that  this  test  seryes  to  distinguish  arsenic  from  antimony. 

The  following  remarks  on  the  Toxicdogical  DiBootfory  qf  Arsenic  deserye  atten- 
tion:— 

*  This  actiye  and  easily  administered  poison  is  fortunately  one  of  those  most  easily 
and  certainly  discoyered;  but  the  processes  require  great  precaution  to  preyent  mis- 
taken inferences :  if  due  care  is  taken,  arsenic  can  be  found  after  any  lapse  of  time,  as 
well  as  after  the  most  complete  putrefiiction  of  the  animal-remains.  The  longest  time 
after  which  it  has  been  discoyered  by  myself  is  eight  years,  which  was  the  case  of  an 
infant;  nothing  but  the  bones  of  the  skeleton  remained,  the  coffin  was  taH  of  earth, 
and  large  roots  of  a  tree  had  nown  through  it*  The  metal  was  obtained  from  the 
bones,  and  in  the  earth  immMiately  below  where  the  stomach  had  existed.  Many 
cases  haye  occurred  in  my  experience,  where  one,  two,  three,  four,  and  fiye  years 
haye  elapsed ;  in  one  case,  after  fourteen  months,  where  the  body  of  a  boy  had  been 
floating  in  a  coffin  ftdl  of  water.  The  poison  is  giyen  in  one  of  three  states,  white 
arsenious  add,  yellow  sulphuret  ("  ormment "),  or  "  realgar,"  red  sulphuret  of  arsenic ; 
and  it  is  worthy  of  notice  that  putremction  wQl  turn  eiwer  white  or  red  into  yellow, 
but  will  neyer  turn  yellow  into  either  white  or  red;  this  is  owing  to  the  hydrosul- 
phuret  of  ammonia  disengaged  during  decomposition. 

*  Modem  toxicologists  haye  abandoned  all  the  old  processes  for  the  detection  of  this 
poison,  and  haye  adopted  one  of  two,  which  haye  been  found  more  expeditious,  as  well 
as  more  certain.  The  first  was  proposed  by  Marsh,  of  Woolwich :  it  is  founded  upon 
the  prindple  that  nascent  hydrogen  will  absorb  and  carry  off  any  arsenic  which  may 
be  present,  as  arseniuretted  hydrogen ;  but  as  I  prefer  the  prindple  first  proposed  by 
Beinsch,  and  haye  always  acted  upon  it,  I  shall  confine  my  description  to  the  pro- 
cesses founded  upon  it.  The  prindple  is  this :  arsenic  mixed  or  combined  with  any 
organic  matter  will,  if  boiled  with  pure  hydrochloric  add  and  metallic  copper,  be  de- 
posited upon  the  copper ;  but  as  this  depositing  property  is  also  possessed  by  mercury^ 

g^  antimony,  bismuth,  lead,  and  tellurium, 

subsequent  operations  are  required  to 


c 


^^ammmimmSmmmt  ^^c^^i^i^te  between  the  depodts.    I 
-^  ^^^^^^^  ^^^  pieces  of  copper  wire,  about  No.  13 


size,  and  2^  inches  long ;  these  I  hammer  upon  a  polished  plane  with  a  polished  hammer, 
for  naif  their  length  {fy,  85),  and  haying  brought  the  suspected  matters  to  a  state  of 
dryness,  and  boiled  the  copper  blade  in  the  pure  hydrochloric  add,  to  proye  that  it 
contains  my  metal  capable  of  depodting,  I  introduce,  a  portion  of  the  suspected  matter 
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and  euntinne  the  boiling;  if  the  copper  becomes  now  either  steel-grey,  bine,  or  black, 
I  remoye  it,  and  -wash  it  free  of  grease  in  another  yessel  in  which  there  is  hot  diluted 
hydrochloric  add ;  I  now  dry  it,  and,  with  a  scraper  with  a  fine  edge,  take  off  the 
deposit  with  some  of  the  adhering  copper,  and  repeat  the  boiling,  washing  and  scraping, 
so  as  to  haye  four  or  fire  specimens  on  copper ;  one  oi  these  is  sealed  up  hermetically 
in  a  tube  for  Aiture  production.    I  now  \&ke  a  piece  of  glass  g^ 

tube,  and  having  heated  it  in  the  middle,  draw  it  out,  as  in 
fy.  86,  dividing  it  at  ▲,  each  section  being  about  2  inches     v^^^S^^ 
long,  the  wide  orifices  being  about  ^ths  of  an  inch  in  dia-  qt    ^7^>«^_x^^ 
meter,  and  |  an  inch  long,  the  capillaiy  part  }th  of  an  inch  in  ^^^^^i^^ 

diameter  and  1|  inch  long ;  now,  by  putting  one  portion  of  ^ 

the  scrapings  into  one  of  the  tubes  at  b,  and  holding  it  upwards  over  a  very  small 
fiame,  so  that  the  volatile  products  may  slowly  ascend  into  the  narrow  portion 
of  the  tube,  we  prove  the  nature  of  the  deposit:  if  mercuiy,  it  condenses  in  minute 
white  shining  globules ;  if  lead  or  bismuth,  it  does  not  rise,  but  melts  into  a  yel- 
lowish glass,  which  adheres  to  the  copper ;  if  tellurium,  it  would  &11  as  a  white 
amorphous  powder;  if  antimony,  it  would  not  rise  at  that  low  temperature;  but  ar- 
senious  add  condenses  as  minute  octahedral  crystals,  looking  with  the  microscope  like 
very  transparent  grains  of  sand.  I  make  three  such  sublimates,  one  of  which  is 
sealed  up  like  the  arsenic  for  Mure  production.  I  now  cut  the  capillary  part  of 
another  of  the  tubes  in  pieces,  and  boil  it  in  a  few  drops  (say  10)  of  distilled  water, 
and  when  cold  drop  three  or  four  drops  on  a  plate  of  white  porcelain,  and  with  a  glass 
rod  drop  one  drop  of  ammoniacal  sulphate  of  copper  in  it :  and  now  to  make  the 
colours  ilrom  this  and  the  next  test  more  conspicuous,  I  keep  a  chalk-stone,  planed 
and  deaned,  in  readiness,  and  pladng  on  it  a  bit  of  clean  white  filtering  paper,  I  con- 
duct the  drops  of  copper-test  upon  the  paper^  which  permits  the  excess  of  copper-sdu- 
tion  to  pass  through  uto  the  cnalk,  but  retains  the  smallest  proportion  of  Scheele's 
green ;  the  other  few  drops  of  the  sdution  are  treated  the  same  way  with  the  am- 
moniacal nitrate  of  dtver.  When  I  get  the  yellow  predpitate  of  arsenite  of  silver, 
the  papers,  with  these  two  spots,  are  now  dried  and  sealed  up  in  a  tube  as  before, 
and  that  with  the  silver  must  be  kepi  in  the  daric,  or  it  will  become  black.  I  have 
still  one  of  the  tubes  with  the  arsenical  sublimate  remainii^ ;  through  this  I  direct 
a  stream  of  hyibosulphuric  add  gas  for  a  few  seconds,  whicn  converts  the  sublimate 
into  yellow  orpiment.  I  have  now  all  five  tests :  the  metal,  the  add,  arsenite  of  cop- 
per, arsenite  of  silver,  and  yellow  sulphuret ;  and  the  T^j^j^vv^  ^^  ^  grain  of  arsenic 
IS  sufficient  in  adroit  hands  to  pcoduco  the  whole ;  but  all  five  must  be  present,  or 
there  is  no  podtive  proof,  for  many  matters  will  cause  a  darkness  of  the  copper  in  the 
absence  of  arsenic, — sulphurets  even  from  putrefoction ; — ^but  there  is  no  sublimate  in 
the  second  operation,  because  the  sulphur  bums  into  sulphurous  add  and  passes  off 
upwards.  COm,  grasses,  and  earth  slightly  darken  it  from  some  unknown  cause,  but 
produce  no  sublimate ;  so,  if  the  solution  of  suspected  arsenious  acid  is  tested  with 
the  oopper-test  while  hot»  it  will  produce  a  greenish  deposit  of  oxide  of  copper,  through 
the  heat  dissipating  a  little  ammonia,  or  if  the  copper  blade  has  not  been  deprived  of 
grease  by  the  diluted  hydrochloric  add,  the  sublimed  add  from  the  grease  will  pre- 
dpitate copper  from  that  test;  but  as  much  of  the  sulphuric  add  of  commerce,  and 
nearly  all  such  hydrochloric  add  and  some  commercial  sine  contains  arsenic,  nothing 
can  excuse  a  toxicologist  who  attempts  to  tir  for  arsenic  if  he  has  not  previously  ex- 
perimented wiHi  all  his  reagents  before  he  introduces  the  suspected  matters.  I 
should  ahk>  mention  that  this  metal  is  to  be  ibund  in  all  parts  of  the  body,  but  bngest, 
and  in  greatest  quantity,  in  the  liver,  where  it  is  frequently  found  many  days  after  it 
has  disappeared  from  Uie  intestines.* — W,  Herapath. 

Arsenious  add  of  commerce  is  frequently  adulterated  with  chalk  or  plaster  of 
Paris.  These  impurities  are  very  easily  detected,  and  their  proportions  estimated. 
Arsenious  add  is  entirely  volatilised  by  heat^  consequently  it  is  suffident  to  expose 
a  weighed  quantity  of  the  substance  to  a  temperature  of  about  400^  F.  in  a  capsule  or 
crudble.  The  whole  of  the  arsenic  will  pass  off  in  ftimes,  while  the  impurities  will 
be  left  behind  as  a  fixed  redduum,  which  can,  upon  cooling,  be  weighed. 

The  mines  of  Cornwall  and  Devonshire  produced  in  1871*  4,147  tons,  15  cwt  of 
arsenic,  the  value  of  which  was  16,519^.  ISa.;  a  considerable  quantity  is  also  produced 
at  Swansea,  from  the  roasting  of  arsenical  copper  ores. 

ASSZn.    A  name  used  by  some  modem  chemists  for  arseniuietted  hydrogen. 

AMTMMXAM  WIA.  This  is  a  description  of  well  or  borehole  in  which 
water  is  obtained  by  means  of  a  perforation  bored  vertically  down  through  imperme- 
able strata  to  an  underiying  stratum  of  a  more  or  less  permeable  character,  sudi 
stratum  to  be  charged  with  water  and  to  exist  either  in  the  shape  of  a  basin-shaped 
depiesdon,  or  to  be  so  inclined  as  to  reach,  at  some  distance  from  the  point  at  which 
^e  boiebolo  may  bo  made,  the  sorfaoe  of  the  earth.    The  name  is  derived  from  the 
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ftct  that  wells  of  this  description  weie  first  known  in  North-Western  Europe,  in 
the  province  of  Artois  in  Franoe,  where  this  method  of  obtaining  water  has  been 
practised  from  a  rery  early  period.  Properly  speaking,  an  Artesian  well  is  one  in 
whjdi  the  water  from  the  lower  stratum  rises  above  the  surface  of  the  superincumbent 
impermeable  stratum ;  but  by  extension  the  phrase  has  been  applied  of  late  years  to 
any  well  in  which  the  waters  of  a  lower  stratum  are  enabled  to  rise  sufficiently 
near  to  the  surfiice  to  allow  of  their  being  economically  used.  It  will  be  seen  here- 
after that  in  many  instances,  borings,  which  were  originally  strictly  Artesian,  hare 
at  a  later  period  lost  the  characteristio  property  of  yielding  waters  flowing  over  the 
sur&oe. 

When  the  water  falls  upon  the  exposed  surf^  of  the  outcrop  of  the  permeable 
stratum  firom  which  the  supply  for  any  Artesian  well  is  derived,  it  passes  under  the 
edge  of  the  OTariappng  impermeable  stratum,  and  oyer  such  inferior  retentive  stratum 
as  it  may  meet  with,  l^en  if  it  cannot  find,  or  make  to  itself  an  outlet,  it  will 
follow  the  surface  of  the  impermeable  upholding  stratum,  in  strict  accordance  with 
the  laws  which  regulate  the  fiew  of  water  above  ground.  If,  under  these  drcum- 
stanoes,  an  opening  should  be  made  through  the  overiying  impermeable  stratum, 
the  water  will  rise  to  a  height  corresponding  to  the  level  at  which  it  passed  under 
such  stratum,  excepting  in  so  fiEur  as  it  may  be  aflbcted  by  friction,  or  by  the  existence 
of  any  natural  ovwflows,  cnated  by  interruptions  of  the  containing  basin,  or  by  any 
disturbance  of  the  bwer  retentive  strata  of  a  nature  to  place  the  water-bearing  stratum 
in  contact  with  still  lower  strata  having  no  communication  with  the  surface. 

liL  Lefebvre  {*  Comptes  Bendus  de  I'Acad.  des  Sciences,  1888,')  describes  several  very 
ancient  Artesian  wells,  which  were  discovered  by  M.  Ayme  in  the  Oasis  of  l^ebes. 
l^ese  appear  to  have  been  sunk  through  80  feet  of  dinr  and  maris,  and  then  through 
300  £Mt  of  limestone.  M.  Ayme  states  that  in  the  Libyan  desert,  idiere  there  are 
no  rivers  or  springs,  and  upon  which  rain  never  falls,  formeriy  a  large  population  was 
supplied  with  water  by  Artesian  wells,  several  of  which  have  been  cleared  out  and 
restc»ed  by  this  Frendi  engineer  with  perfect  success.  The  *  Wells  of  Solomon,'  in 
thephuns  of  Tyre,  are  supposed  to  be  of  this  description. 

The  first  Artesian  well  m  London  was  put  down  in  the  year  1794.  This  description 
of  well  has  been  used  for  a  long  neriod  in  the  East  and  in  Italy, 

The  term  Artesian  may  really  be  applied  to  all  wells  or  borings  which  may  be  put 
down,  having  for  their  special  purpose  the  obtaining  of  water;  and  the  advisability 
of  endeavouring  to  find  water  by  means  of  such  wrils  will  depend  upon  several 
oonsiderations,  namely: — on  the  quantity  and  quaH^  of  water  required;  on  the 
physical  position  of  the  stzata  existing  in  the  district  where  the  water-supply  is 
required,  and  of  the  surfiice  of  the  ground  where  the  water-bearing  rocks  are  known 
to  come  to  the  surfisoe,  and  on  the  outcrop  of  such  rocks  being  denuded  or  covered 
with  an^  descri^on  of  drift;  on  the  mechanical  formation  of  the  rocks  to  be  perfo- 
rated, with  special  reference  to  their  compactness  or  porosity  as  the  case  may  be,  and 
on  the  lithological  diaracter  and  thidmess  of  the  water-bearing  deposit;  lastly,  on 
the  application  of  the  processes  by  means  of  which  the  impermeable  strata  can  be 
passed  through,  and  the  wator-bearing  strata  reached. 

The  first  three  of  these  oonsiderations  will  now  be  dealt  with ;  the  fourth  point,  which 
oompiises  the  engineering  of  the  wori:,  will  be  brought  into  notice  under  the  lM)ad  of 
BoBoro.  Overflowing  wdls  owe  their  origin,  as  a  rule,  to  the  inflltration  of  the 
waters  filing  upon  the  surikoe  of  the  globe,  which,  percolating  through  the  various 
pores  and  flsrares  of  the  strata,  are  paraed  into,  and  held  by  such  strata  of  sand  or 
gravel  as  will  contain  water  in  yery  large  quantities.  If  the  water  be  carried  in  this 
manner  from  some  high  point  on  the  surface  of  the  globe  to  some  subterranean  point 
where  the  surface  of  the  ground  is  at  a  lower  level  than  the  point  at  which  the  source 
of  the  water  is  formed,  the  hydrostatic  pressure  is  sufficient  m  case  a  connection  with 
the  surface  is  formed,  either  oy  faults  or  fissures  in  the  strata,  or  by  a  borehole  put 
down  ttcm  the  surface,  to  cause  the  water  to  rise  and  overfiow  in  a  stream  more  or 
less  constant 

In  the  case  of  all  borings  used  for  the  purpose  of  obtaining  water,  the  chief  consi- 
derations are  naturally  as  follQws : — 

1st  To  obtain  a  certain  quantity  of  water. 

2nd.  To  have  such  water  pure. 

Srd.  To  have  the  position  of  the  borehole  so  fixed  as  to  make  a  constant  supply 
over  a  eertain  period  of  time  to  be  depended  upon. 

The  site  of  a  baring  for  water  may  of  necessity  have  to  bo  fixed  upon  within  a 
eertain  limited  spaee.  The  strata  to  be  passed  through,  and  the  physical  character  of 
the  surfiMe  of  the  ground  a^^aoent  to  the  site  of  the  boring,  will  probably  partake  of 
one  of  the  following  conditions : — 

1st  The  ground  to  be  passed  through  may  have  a  steep  inclination  extending  to 
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the  bottom  of  iho  'water-bearing  beds.    In  this  case  the  quantity  of  irater  which  can 

be  obtained  by  the  borehole  is  necessarily  limited.    A  largo  quantity  of  water  may, 

however,  be  obtained  »- 

under    these    condi-  7      v 

taons  (which  are  illus- 

trated    by   fg.    87) 

should    the    water  - 

bearing  strata  be  yeiy 

porous,  and  have  a 

considerable     lateral 

extension. 

2nd.  On  the  other  3 

hand  the  inclination 
of  the  strata  may  be 

Terygradual,  as  shewn  A 

in^.  88,  and  in  this 
case  the  aigsa  of  sur- 
face    reoeiying    the 

rainfall  is  mudi  greater.  This  is  due  not  only  to  the  surface  of  the  water-bearing 
rocks  baring  a  larger  superficial  area,  but  also  to  the  fiact  that  near  to  the  surface 
the  overlying  rocks  are  generally  found  to  be  more  open  than  they  are  at  a  consider- 
able depth  £om  the  surface.    Hence,  whilst  vafig.  87  the  rainfall  from  s  to  t  is  the 

88 


most  that  can  be  expected  to  reach  the  borehole,  in>^.  88  it  is  probable  that  most  of 
the  rainfall  on  the  area  from  0  to  o  will  percolate  through  to  the  water-bearing  strata. 
This  is  the  condition  under  which  the  laigest  quantity  of  water  may  be  expected  to 
be  obtained  in  the  prosecution  of  Artesian  wells. 

Srd.  Another  condition  is  where  a  boring  has  to  be  made  to  water-bearing  strata 
through  other  rocks,  which,  though  compact  in  their  nature,  are  not  impermeable. 
This  condition  naturally  affects  the  quantity  of  water  obtainable,  and  in  such  a  case 
it  is  important  to  obtain  increased  hydrostatic  pressure. 

4th.  In  some  cases  several  qualities  of  water  maybe  met  with  in  one  boring,  some 
of  which  may  be  found  chemically  objectionable.  When  satisfactoiy  water  has  been 
found,  the  impure  water  can  only  be  kept  back  by  the  insertion  of  tubes  in  the  bore- 
hole. With  uie  third  condition  mentioned  above,  the  application  of  tubes  will  also 
sometimes  be  found  advantageous.  They  are  always  necessary  where  running  sand 
or  veiy  loose  strata  are  met  with. 

6th.  Another  case  occurs  when  the  water  met  with  by  a  boring  has  so  little 
hydrostatic  pressure  that  it  will  not  rise  in  the  borehole  to  the  surface.  In  this  case 
the  water  ha!s  to  be  raised,  when  its  level  is  within  30  feet  of  the  sur&oe,  by  some 
description  of  pump.  When  the  level  of  the  water  is  at  a  greater  distance  than  this 
from  tiie  top,  a  plunger-pump  has  to  be  used. 

In  cases  1  and  2  a  bed  of  impermeable  rode  is  assumed  to  intervene  between  the 
surface  and  the  water-bearing  strata.  It  need  hardly  be  mentioned  that  the  quantity 
of  water  found  in  any  class  of  strata  does  not  depend  only  on  the  surface  of  such 
strata  exposed  to  the  rain&U,  but  is  much  influenced  by  the  degree  of  porosity  of  the 
strata,  which  is  the  test  of  its  saturative  capability. 

An  illustration  of  this  is  afforded  by  the  results  of  the  sinkings  of  many  of  the 
deepest  coal-mines  in  Great  Britain,  where  such  sinkings  have  passed  through  the 
Permian  beds  before  reaching  the  coal-measures.  Between  the  magnesian  limestone 
and  coal-measures  is  found  in  nearly  every  instance  a  bed  of  red  sand,  varying  in 
thickness  from  a  few  inches  to  12  feet.  Whilst  feeders  of  water  of  a  few  hundred 
gaUons  per  minute  only  have  been  encountered  whilst  passing  through  the  limestone, 
the  feeders  met  with  on  reaching  the  more  porous  sand-bed  referred  to,  have  frre- 
quently  been  enormous,  in  several  instances  amounting  to  over  4,000  gallons  per 
minute.  In  such  cases  the  quantity  of  water  can  doubtless  be  traced  to  the  principles 
indicated  on^.  88. 

Under  the  conditions  referred  to  in  the  fifth  head,  may  be  mentioned  cases  where 
water  may  be  obtained  by  short  holes,  bored  a  few  yards  into  the  ground,  the  object 
being  to  collect  the  surflEice-drainage,  and  the  water  being  obtained  by  small  pumps. 
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Where  grarel  only  is  found,  water  cannot  generally  be  procured  by  short  holes,  but 
where  gravel  rests  on  an  impervious  clay,  success  is  almost  certain. 

In  cases  where  there  is  apparently  a  considerable  hydrostatic  pressure,  there  is  a 
condition  which  will  prevent  any  large  quantity  of  water  falling  upon  porous  strata, 
passing  to  subterranean  depths.  Should  any  riVer  emanate  from,  or  pass  through, 
such  strata,  the  river  will  probably  carry  away  a  large  proportion  of  the  water  which 
otherwise  would  have  saturated  the  permeable  rocks. 

It  will  be  understood  that  the  geological  formations  in  whicli  Artesian  explorations 
can  be  made  with  most  prospects  of  success  are  those  whidi  combine  compact  and 
im^rmeable  strata  with  porous  and  open  rocks.  The  particular  systems  of  rocks 
which  appear  to  present  as  a  rule  these  conditions  are  those  contained  by  and  lying 
adjacent  to  the  chalk  series,  embracing  the  London  clay,  the  chalk,  upper  greonsand, 
the  ^ult,  and  the  lower  greensand.  These  rocks  present  the  necessary  conditions, 
and  in  the  sites  where  they  are  chiefly  found,  the  north  of  France  and  south-east  of 
England,  a  large  number  of  wells  have  been  put  down,  many  of  which  are  producing 
large  volumes  of  water. 

In  older  formations  it  is  much  more  difficult  to  discover  rocks  of  sufficient  openness 
to  carry  large  quantities  of  water,  and  further  than  this,  as  the  older  rocks  bo  very 
irregularly,  and  frequently  at  a  heavy  inclination,  they  are  not  so  suitable  for  Uie 
purpose  of  obtaining  water  by  means  of  boring.  Hence  it  is  usual  in  districts  whore 
such  rocks  prevail  to  obtain  the  water-supply,  where  river-water  either  is  not  used  or 
is  not  obtainable,  ftam,  reservoirs  situated  at  some  high  level  where  they  can  be 
arranged  to  catch  the  surface-drainage. 

The  hot  springs  which  burst  out  of  the  ground  in  districts  where  the  so-called 
primary  formations  are  found,  came  undoubtedly  from  a  great  depth  beneath  the 
surfoce,  and  derive  their  heat  from  an  exalted  subterranean  temperature;  but  it 
would  not  be  practicable  to  bore  to  such  extreme  depths  as  would  be  necessary  in  those 
rocks.  A  miniature  representation  of  such  springs  is  exhibited  in  the  intermitting 
fountains  of  fresh  water  on  the  shoulder  of  Vesuvius. 

It  will  be  interesting  to  record  the  results  of  some  of  the  chief  artesian  borings 
which  have  been  made  in  this  and  other  countries.  Tlie  most  famous  example  is  that 
of  the  boring  commenced  in  1833  at  Grenelle,  a  suburb  of  the  SW.  of  Paris  where  there 
was  a  great  scarcity  of  water.  Here  the  chalk  was  overlaid  by  gravels,  marls,  and  clays, 
which  were  known  to  be  capable  of  intercepting  the  passage  of  water.  Honce,  as  it 
was  known  that  below  the  chalk  water-bearing  sand  would  1^  met  with,  !B£.  Mulot,  the 
engineer  of  the  well,  supported  by  the  authority  of  MM.  Arago  and  Walfordin, 
resolved  to  seek  a  supply  of  water  by  boring  through  the  chalk  into  the  sub-cretaceous 
strata.  At  Elboeuf  the  chalk  had  been  traversed  m  this  manner,  and  the  water  had 
risen  to  a  height  of  82  feet  above  the  level  of  the  ground,  or  109  feet  above  the  level 
of  the  sea,  and  it  was  considered  that  as  the  surface  of  the  ground  at  Grenelle  was 
about  104  feet  above  the  level  of  the  sea,  and  as  the  outcrop  of  the  water-bearing 
strata  was  nearer  to  the  proposed  borehole  than  at  Elbceuf,  the  water  at  Grenelle 
might  be  expected  to  flow  over  the  surface.  This  reasoning  was  found  to  be  correct, 
and  in  February,  1841,  after  eight  years'  labour,  the  rods  suddenly  descended  several 
yards,  having  pierced  into  the  vault  of  the  subterranean  waters  so  long  sought  after 
by  the  indefatigable  engineer.  A  few  hours  afterwards  he  was  rewarded  for  all  his 
anxious  toils ; .  fbr  the  water,  rising  to  the  surface,  discharged  itself  at  the  rate  of 
881,884  gallons  in  every  twenty-four  hours;  the  temperature  of  the  water  being 
nearly  82^  F.  At  first  it  brought  up  so  great  a  quantity  of  sand  that  the  tube  was 
seveifid  times  choked  up  by  it,  and  even  now  it  is  not  free  from  occasional  thougli 
rare  interruptions,  but  the  force  of  the  column  of  water  has  always  proved  sufficient 
to  clear  its  wav  after  a  short  interval.  The  water  flows  in  a  clear,  continuous  stream, 
and  is  carried  by  pipes  to  a  reservoir  near  the  Pantheon,  whence  it  is  distributed  over 
the  adjacent  parts  of  the  city,  as  well  as  along  the  line  of  ^e  Boulevards  from  the 
abattoir  to  the  Observatory.  By  means  of  small  pipes,  the  £cole  Militaire,  the  Inva- 
lides,  and  two  or  three  other  public  establishments,  are  also  supplied  with  this  water. 
The  surfSice  of  the  ground  at  the  well  is  102  feet  above  the  level  of  the  sea,  and  the 
water  is  capable  of  being  carried  above  this  to  a  height  of  120  feet  The  exposed 
surface  of  the  water-beuing  beds  which  supply  the  well  of  Grenelle  is  about  117 
square  miles ;  the  subterranean  area  in  connection  with  these  lines  of  outcrop  may 
possibly  be  about  20,000  square  miles,  and  the  average  thickness  of  the  sand  of  the 
^^  verts,  serving  in  their  underground  range  as  a  reservoir  for  the  water,  does  not 
probably  exceed  thirty  or  forty  feet — Prestvnch  on  the  Water-bearing  Strata  of 
London. 

After  the  completion  of  the  Grenelle  well  others  wore  quickly  undertaken.  Amongst 
the  most  important  of  these  were  the  borings  undertaken  in  the  Ehenish  provinces 
for  bringing  to  the  surface  the  waters  of  the  brine-springs  of  that  district,  some  qf 
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which  eren  exceeded  the  depth  of  2,400  feet  from  the  surface.  M.  Degonss^ 
mentions  in  his  *  Guide  de  Sondenr '  (1847),  that  he  himself  had  executed  no  less  than 
sixteen  deep  borings  in  the  D^partement  de  I'lndre  et  Loire,  of  irhich  ten'  are  in  the 
town  of  Touts  and  six  in  its  neighbourhood,  presenting  an  average  depth  of  about 
600  feet  Two  of  these  borings  were,  howeyer,  unsuccessful,  and  it  appears  that  the 
conditions  under  which  they  occurred  with  respect  to  the  great  watercourses  of  the 
district,  led  to  the  supposition  that  the  underground  course  of  the  waters  was  inter- 
rupted by  means  of  a  fault  or  upheayaL 

At  Calais  the  results  obtained  by  the  great  artesian  well  there  sunk  were  eyen  more 
striking  than  those  obtained  near  Tours  ;  for  after  haying  in  this  place  passed  through 
the  drift  aboye  the  chalk,  the  chalk  itself  and  the  whole  of  the  sub-cretaceous  strata, 
the  boring  was  continued  in  the  transition  rocks  until  it  had  attained  a  total  depUi 
from  the  surface  of  about  1,160  feet.  It  will  be  necessary  hereafter  to  refer  to  this 
well,  and  to  the  abnormal  state  of  the  geological  formations  under  this  district. 

An  important  Artesian  well  was  also  put  down  at  Chichester,  being  carried  through 
the  great  Hampshire  tertiaiy  basin  to  the  upper  greensand,  where  it  was  stopped  at 
a  depth  of  1,064  feet  from  surface.    Very  little  water  was  obtained. 

At  Southampton  the  upper  and  lower  chalk  and  chalk-marl  were  passed  through, 
but  at  a  depth  of  1,317  feet  no  yaluable  supply  of  water  was  obtained.  A  great 
number  of  Artesian  wells  had  in  the  meantime  been  sunk  in  the  tertiary  basins  of 
both  London  and  Hampshire,  and  the  drain  thus  established  upon  the  subterranean 
water-courses  of  those  formations  was  so  great  that  the  waters  which  originally  had 
flowed  oyer  the  surface  of  the  ground,  were  no  longer  able  to  reach  that  height ;  and 
it  became  eyident  that  the  demand  upon  these  water-bearing  strata  was  rapidly 
exceeding  the  supply.  Under  these  circumstances  the  Hampstead  and  Highgate 
Waterworks  Company  resolyed  to  renew  under  London  the  attempt  which  had  been 
abandoned  at  South^pton ;  and  their  adyisers  argued  that,  inasmuch  as  the  outcrop 
of  the  sub-cretaceous  formations  was  continuous  around  the  margin  of  the  cretaceous 
basin  surrounding  and  underlying  the  London  tertiaries,  excepting  on  the  eastern 
border,  those  sub-cretaceous  strata  would  be  found  under  London  just  as  they  had 
been  actually  found  at  Paris. 

This  reasoning  proyed  to  be  correct  so  far  as  the  chalk-marl,  the  upper  greensand, 
and  the  gault  were  concerned ;  but  when  those  formations  had  been  trayersed  (to  a 
de]^  of  1,1  ld|  feet\  the  boring  tools,  instead  of  entering  upon  the  lower  greensand, 
which  theoretically  had  been  expected,  entered  upon  and  trayersed,  to  a  total  dem^  of 
1,802  feet,  a  series  of  marls,  clays,  and  sandstones,  which  appear  in  all  probability  to 
belong  to  the  new  red-sandstone  series :  all  the  intermediate  strata  being  absent. 

A  boring  at  Harwich  ^Iso  proyed  the  existence  of  transition  rocks  of  an  early 
period  at  a  depth  of  1,200  feet  nom  the  surface ;  yarious  rocks  £rom  the  tertiaries  to 
the  upper  greensand  and  gault  haying  been  passed  through. 

From  the  aboye  data  the  interesting  fact  will  be  obseryed  that  no  borehole  in  the 
London  basin  has  as  yet  succeeded  in  poying  and  obtaining  water  from  the  lower 
greensand  rocks;  the  Southampton,  Calais,  Highgate,  and  Harwich  wells  haying  tdl 
proved  failures  in  this  respect.  It  is  a  question  to  be  proyed  by  experiment  whether 
to  the  north-west  of  London  the  tertiary  rocks  woidd  not  be  less  likely  to  giye  place 
to  rocks  of  older  formations,  as  they  appear  to  do  in  the  boreholes  referred  to.  It 
will  be  understood  from,  the  ^articulaors  giyen  of  the  few  boreholes,  how  much  un- 
certainty attends  the  art  of  bonng,  at  least,  as  regards  the  obtaining  of  water  by  this 
means. 

Some  particulars  may  now  be  giyen  of  a  number  of  the  chief  Artesian  boreholes 
put  down  in  Trance  and  England.  The  following  Table  shows  the  depth  and  cost  of 
seyeral  of  the  French  Artesian  wells : — 


Grenelle, 

Bept. 

Seine  . 

.    1,798  feet    . 

.    jei4,600 

Calais 

„ 

Pas  de  Calais 

*     1,138    „      . 

8,660 

Boucheoy 

»» 

Ardennes    . 

.     1,216    „      .        . 

8,046 

StFargeau 

,, 

Yonne 

.       666    „      . 

1,216 

LiUe 

)) 

Kord  * 

.       692    „      . 

820 

Crosne 

,1 

Seine  et  Gise 

.       333    „      . 

190 

Bron 

f, 

Mame 

.       246    „      . 

200 

Azdres 

It 

Nord 

156    „       . 

64 

Ckye 

Seine  et  Mame 

108    „      . 

.        .             78 

Chayille 

it 

Oise    •        . 

•         65    „      . 

16 

The  deep  wells  of  London  are  all  in  the  chalk.  The  depths  of  some  of  the  most 
important  are  giyen  in  the  following  Table,  which  has  been  compiled  from  data  giyen 
by  Mr.  W.  "Whitaker,  'Memoirs  of  the  Geological  Suryey/  voL  iv.  (1872)  :— 
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Sections  ofsofne  of  the  Deep  Wells  in,  London  and  the  adjoining  Country. 


Apothecaries*  Hall,  BlackMars . 
Bank  of  England 
Blackwall,  Trinity  Wharf . 
Bow.        .        .'      . 
Broad  Street,  Golden  Square     . 
Camden  Station 

Castleboar  Hill,  near  Ealing     . 
Chiswick,  Grifl^  Brewery 
Colney  Hatch  Lunatic  Asylum  . 

Fulham 

Hackney  Bead .... 
Haggerstone     .        . 


Hampstead,  Lower  Heath 
Hampstead  Bead 
Hanwell  Lunatic  Asylum 
Harrow  Waterworks 
Hayerstock  Hill 

Hayes 

Highbury         .... 

Holloway  City  Prison 

Hozton     .        .        .        .        • 

Hyde,  The,  Edgeware  Boad      . 

Hyde  Park  Comer   . 

Isle  of  Dopes     .... 

Islington  Green        .        .        • 

Kensington,  Horticultural  Society 

Kensington  Gardens,  N.    . 

Kentish  Town  Waterworks 

Leicester  Square 

Limehouse        .... 

Long  Acre        .... 

Mile  End  .... 

Mile  End  Boad  (City  of  London  Union) 

Pentonville  Model  Prison 

Pimlico,  Simp8on*s  Factory,  Grosvenor  Boad 

Pinner 

Ponder's  End  's        .         .        . 

Ratcliffb 

Shoreditcb,  Truman's  Brewery  . 
Shoreditch  Workhouse 

Staines     

Sudbuiy  

Tottenham        .... 
Tottenham  Court  Boad  (Meux's) 
Tower  Hill  (Boyal  Mint)  . 
Trafalgar  Square 
Twyford,  near  Ealing 
Uxbridge  Union 
Westbourne  Estate  Waterworks 
West  Drayton  .... 
Westminster,  Elliot's  Brewery  . 
„  Thome's  Brewery 

Winchmore  Hill       .       • 


•Si: 

am 

a" 


.^1 


ft. 
12 
26 
63 
19 
lOi 
18 

40 

26 
14 
16 


23 
21 


14 


18 

'  b 
39 
12 
40 
2 

'ej 

29 
20 
13 
35 
17 
26 

3i 
13 
14 
22^ 
18 
33 

2 
20 
22 
24 
23 

i'2 


32 
27i 


ft. 

114 

111 

68 

48 

98 

144 

300 

140 

137 

135 

48i 

66^ 

289 

59 

194 

111 

223 

134 

106 

135 

69 

66 

229 

*48 
198 
172 
236 
148^ 

19 
120^ 

86 

60| 
113 
112 

29 

15 

56 

80^ 

60 
267 

68 

52 

64 

94 
142 
211 

94 
217 

88 
140 
100 
186 


ft. 
48 
58i 
34 
56 
58 
64 
60 
90 
27 
90 
48 
44i 


ft. 
44 
39 
72 
51 
25 
8 

29 
25 

42 
47i 


39^ 
75 
48 
61 
88i 
57i 
69 
34 
34^ 
64 
43 

100? 
54 
56 
6U 
60 
47 
58i 
63 
41 
54| 
67i 
27 
49 
26 
53 
40 
79 
60 
61 
5li 
57 
41 
41 
76 
62 
66 
674 
664 
44 


89 


244 


28 

164 

13 

30 

21* 

424 

16 

25 

83 

27 

28 

444 

24 

404 

384 

35 

25i 

36? 

54 

43 


15 
21 
204 
42 


18 

314 
36 


ft. 

218 

2344 

237 

174 

1914 

234 

360 

299 

189 

250 

1524 

1644 

378 
146 
290 
159 
312 
231 
180 
217 
151 
1004 
319 
1244 
176 
817 
263 
3244 
244 
1394 
222 
2024 
175 
2194 
231 
60 
1124 
150 
199 
157 
369 
120 
148 
168 
196i 
248 

297 
186 
271 
230 
230 


ft. 

76 
100 

10 
150 

25 
106 

'4*6 
141 
66 
259 
266 

72 

37 

30 

254 

78 

88 

134 

102 

87 
18 

2394 

144 
84 
58 

645» 

101 

25*8« 
2« 

10 
151 
100 

80 
2904 
102 
331 
100 
154 

80 
260« 
207* 
202 
147 

88 

16 

100 

127 

70 


»  Thla  boring  was  CMriedaown  882  fWt  below  toe  bottom  of  the  ohalk, 
•  Or  moxe.  *  More  8moe« 
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Balham  Hill,  near  ClaphAm  Oomraon 

Battenea 

BermoiuiBej     . 

GLaremont 


Hoxselydown    .        • 
Kingston  on  Thames 
Lambeth  (Bedlam)  .        . 
Miteham .... 
Mortiake  Brewery    . 
New  Bamet  Bailway  Station 
New  Gross  (Nayal  School) 
Fenge  (Costal  P&lace)     . 

lUchmond 
Eotherhithe      . 


Sonthwaxk,  Barclay's  Brewery 

Wandsworth,  Oonnty  Lonatie  Asylnm 
West  Ham 


ft. 
15 
82 
23 
60 

32 
13 
28 

4 
10 


29 
33 


ft. 
239 
127 

460 

61 
246 

80} 
101 
199 
116 

23 
269 

191 


77i 
231 


ft. 
63 
66 
30 
60? 


ft. 
40 
36 
38} 


88 

36} 

46 

68 

44 

61 

*7i 


76 


26 
47 
38 


48 
64} 


36 
62 

60  { 
42 


86 


43 

36 

oyer 

40 

67 


ft. 

249 
91} 
660 

168 
371 
191 
189 
267 
169 
126 
361 

276 
107 

203 

over 
330 
132 


ft. 


140} 


104 
99 

72 

3 

280 

26 
149 

103 
146 
rover 
tlOO 


306 


The  Artesian  wells  in  Essex  -«^ich  orerflow,  are  of  the  following  depths,  according 
to  Br.  Mitchell : — ^Fonlness  Island,  460  feet;  Mersey,  and  a<^'oining  islands,  300  feet; 
Wallis  Island,  400  feet;  Little  Wigborongh,  260  feet;  Woodham,  360  feet;  North 
Ockenden,  80  ;  Fobbing,  100  feet;  Bulpham  Fen,  70-80. 

The  difficult  of  making  any  calcolation,  even  in  a  well-known  district,  as  to  the 
quantity  of  water  which  can  be  expected  to  drain  to  any  one  borehole,  is  considerable) 
since,  though  it  may  be  possible  to  judge  of  the  breadth  of  surface  oyer  whidi  the 
rainfall  may  be  expected  to  sink  into  the  water-bearing  strata,  it  is  impossible  to  tell 
with  any  degree  of  exactness  the  lateral  extension  of  Uie  drainage,  except  the  condi- 
tions happen  to  be  those  in  which  the  borehole  is  put  down  in  the  centre,  or  some 
part  of  a  basin.  Naturally  the  more  oorous  and  saturable  the  water-bearing  strata 
are,  the  greater  the  proportion  of  the  drainage  which  may  be  expected  to  be  conveyed 
to  any  one  point. 

Some  years  ago  Mr.  Prestwich  computed  the  quantity  of  rain  £eklling  over  the  dis- 
trict fforrounding  London  with  a  view  to  estimate  the  supply  of  water  which  a  boring 
through  the  chalk  to  the  lower  greensand  formation  would  furnish.  The  following 
fable  exhibits  the  results  of  his  inyestigation : — 


Probable 

extent  of 

Quantity  of  Bainwater 

Probablo  Quantity 

efEeotiTe 

rec^Ted 

absorbed 

Aiea 

Bq.  miles 

Inchei     Gallons  in 

Inches     Gallons  in 

annually     24  hours 

annnally     24  honrs 

Lower  Tertiaries  . 

24 

26   »  23,749,666 

12=    11,411,862 

Upper  Greensand. 

70 

28  =  77,660,660 

10 «  27,736,960 

Lower  Greensand 

230 

26}  »  241,600,920 

16  =  146,811,720 

'  These  calculations,  although  offered  as  only  yery  general  approximations,  give 
results  sufficiently  marked  and  decided,  that  even  admitting  the  necessity  of  not  incon- 
siderable corrections,  I  think  they  establish  EtTong  primA  facie  evidence  in  favour  of 
the  upper  and  lower  greensands  beneath  London  containing  unusually  large  quanti* 
ties  of  water,  which  may  be  rendered  available  for  the  supply  of  the  metropolis  by 
means  of  Artesian  wells.  What  their  yield  might  be  could  only  be  determined  ex- 
actly by  actual  experiment ;  but*  judging  from  analogy,  if  the  lower  tertiary  sands, 
with  ^mensions  comparatively  so  limited,  can  nevertheless  furnish  not  less  than 
3,000,000  to  4,000,000  gallons  daily  (and  if,  as  is  probable,  they  supply  much  of  the 
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water  found  in  the  upper  beds  of  the  chalk  beneath  London,  their  yield  may  amount 
to  8|000,000  or  10,000,000),  then,  I  submit,  that  there  is  a  reasonable  probability, 
after  allowing  for  the  present  over-drainage,  of  the  tertiaries  of  the  upper  greensand, 
'lyith  an  effective  area  and  a  thickness  3  times  greater  than  those  of  the  lower  ter- 
tiaries, yielding  daily,  and  without  diminution,  from  6,000,000  to  10,000,000,  and  of  the 
lower  greensands,  which  exceeds  by  10  times  the  lower  tertiaries  in  both  respects,  of 
their  gelding  daily  and  without  diminution  from  30,000,000  to  40,000,000  gallons  of 
water  in  the  twenty-four  hours,  taken  at  about  surface  leveL 

*  Since  the  beds  of  the  lower  greensand  are  200  feet  thick,  and  they  occupy  an  area 
above  and  below  ground  of  4,600  square  miles,  and  since  a  mass  of  one  mile  square 
and  one  foot  Uiick  will  hold  more  than  60,000,000  of  gallons  of  water,  it  is  evident  that 
a  year's  consumption  of  water  by  the  population  of  London  would  not  occasion  a  &11 
of  one  foot  in  the  water-level  over  the  entire  area ;  that  is,  supposing  no  rain  had 
fallen  during  the  year.  Such  wells,  too,  would  have  the  advantage  of  adding  to  the 
adornment  of  the  metropolis,  as  if  the  water  of  the  lower  greensand  was  liberated  by 
means  of  Artesian  wells,  fountains  would  be  at  once  formed,  projecting  their  water 
from  100  to  160  feet  above  the  level  of  Trinity  high-water  mark.'  *— E.  B. 

AMTMBXJLK  ^TSUbS,  I^egative.  Borings  into  the  earth  which  are  intended  to 
carry  off  the  waters  from  the  surface.  They  have  been  proposed  for  the  purpose  of 
draining  large  tracts  of  swampy  country.  Especial  information  on  this  subject  will 
be  found  in  the  *  Society  of  Aits*  Journal '  for  1866,  and  Ansted's  *  Geology.' 

AXTZCBOXa.  {Owiara  Soolymm).  A  thistle-like  plant,  a  native  of  the  South  of 
Europe,  cultivated  for  Uie  sake  of  the  fleshy  sweet  receptacle  of  its  flowers.  Jsru- 
8AI.BK  AsncHOXES  are  the  tubers  of  the  Helianthtis  Tubero8Uit  and  derive  their  name 
by  a  corruption,  from  the  Italian  girasole^  sunflower. 

ASTIC  U  JflZTB.  A  name  proposed  by  Dr.  Wetherill  for  flexible  sandstone,  in 
allusion  to  the  articulated  structure  of  the  stone,  seen  on  microscopic  examination. 

ASTZFXCXAIi  STOira.    See  Stomb,  Artificiai.. 

ASTZ&UBRT.  The  earliest  European  artillery  of  large  size  consisted  of  '  ser- 
pentines '  and  *  bombards,'  both  being  formed  of  longitudinal  bars  of  wrought- iron, 
arranged  like  the  staves  of  a  cask,  and  hooped  all  over,  or  nearly  so,  with  wrought- 
iion  rings,  shrunk-on  hot  upon  the  bars.  Qlie  serpentine  was  of  small  calibre,  but  of 
enormous  length.  A  gun  of  this  character,  taken  by  the  Swiss  from  Charles  le 
T^m6raire,  at  the  battle  of  Ghranson,  in  1476,  is  described  and  figured  in  the  Emperor 
Napoleon's  work,  'Passi  et  I'Avenir  d'Artillerie.'  This  example  is  preserved  in 
the  collection  of  the  Arsenal  of  Keuville,  Canton  of  Berne;  it  is  only  about  two 
inches  calibre,  but  about  ten  feet  in  length  of  chase,  formed  with  wrought-iron,  with 
rings  shrunk-on  at  some  inches  apart  It  is  embedded  to  its  horizontal  diameter,  and 
for  its  whole  length,  in  a  timber  bed. 

The  bombard  was  usually  a  much  shorter  piece,  often  of  immense  calibre.  The 
great  gun  of  Ghent,  known  as  Dtdle  Griette,  or  the  Bag^ng  Meg,  is  of  this  character. 
Voisin  thus  describes  it : — *  This  enormous  cannon,  or  ancient  bombard,  is  one  of  the 
most  curious  pieces  of  artillery  known,  both  in  dimensions  and  construction,  which  is 
a  chef-tPctuvre  of  the  art  of  forging.  It  is  18  feet  in  length,  by  10  feet  6  inches  in 
circumference ;  the  mouth  is  2}  feet  in  circumference ;  it  is  forged  from  bars  of  iron, 
and  weighs  33,606  lbs.,  and  throws  a  stone  ball  of  600  lbs.  weight  Its  construction 
appeara  to  date  from  the  early  years  of  the  invention  of  artillery ;  in  all  probability 
it  was  forged  while  Philip  Van  Artevelde,  Kiswaort  of  Elanders,  was  besieging  Oude- 
narde,  in  1382.  It  is  certain  that  the  people  of  Ghent,  at  war  with  their  Duke, 
Philippe,  used  it  in  1411,  and  at  the  attack  of  Oudenarde,  in  1462.' 

In  tne  arsenal  of  St  Petersburg  is  a  bombard  which  is  21  feet  long ;  but  it  only 
weighs  17,435  lbs.,  and  its  calibre  is  only  68  lbs. 

The  Mons  Meg  of  Scotland,  which  now  quietly  reposes  on  the  King's  Bastion, 
Edinburgh,  is  formed  of  longitudinal  stave  bars,  in  one  ply  only,  and  of  superimposed 
rings,  driven  and  shrunk-on  upon  the  taper.  Th\s  will  be  understood  from  the  accom- 
panying figures  (89,  90).  This  gun  was  made  by  one  M'Ban,  to  whom  the  people  of 
Kirkcudbright  contributed  the  bars  of  iron.  Mons  Meg  was  used  at  the  siege  dT 
Dumbarton,  in  1489  ;  at  Norham,  in  1497 ;  it  was  used  to  fire  a  salute  in  1648  ;  and 
in  1682,  when  firing  a  salute  in  honour  of  the  Duke  of  York,  the  iron  rings,  which  are 
now  partly  wanting  near  the  breech,  were  blown  away  without  much  disturbing  the 
longitudinal  bars.    The  gun  actually  discharged  balls  of  Galloway  granite  against 

*  Ooiuralt  Freetwich,  *  Water-bearing  Strata  of  the  Oonntry  round  London ;  *  <  Mylne's  Sections  of 
tho  London  Stxata ; '  M.  Gamier's  *  Traits  snr  les  Pnite  ArtMens ; '  Swindell,  *  Bndimentary  Treatise 
on  WeU Digging  and  Boring;'  Bnckland's  'Brldgewater  Treatise  on  Geology  and  Mineralogy;' 
De  la  Becheii  '  Geological  Olwerver ; '  HMcart  de  Thniy's  '  Conaidtoitiona  snr  la  Cause  du  JalUsse- 
mentdes  Eanx  desPnits  Ibrote ; '  D^nsse  aodLaoient,  *  Guide  du  Sondenr ; '  WUtaker,  *  Geological 
fiorrqr  Hemoin,'  vol.  iv.,  1873,  etc  etc« 
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TbfeaTB  Castle.    The  weight  of  a  gramte  ball  of  19|  inches  diameter  is  about 
330  lbs. 

Colonel  Symes,  in  his  'Embassy  to  Ava,  in  1795/  infonns  us  that  he  found  that 
cannon  formed  of  pdsmatio  bars  of  wrought  hoop-iron  hooped  together  were  known 

89 


90 


in  India  from  a  remote  antiquity.  In  Meyer's  '  Historical  Manual '  will  be  found  a 
curious  history  of  the  progress  of  wrought-iron  cannon,  from  1494 — ^when  Charles  VIII. 
suppressed  wrought-iron  bombards,  and  had  no  other  artillery  than  that  of  bronze — ^to 
the  present  day.  In  1856,  Paniel  Treadwell  published  a  memoir  *  on  the  Practica- 
bility of  constructing  Cannon  of  Great  Calibre,  capable  of  enduring  long-continued 
Use  under  full  Charges.'  In  this  he  proposes  a  yery  large  wrought-iron  gun,  which 
should  be  capable  of  projecting  a  shot  or  shell  of  a  ton  weight  through  the  space  of 
six  miles.  He  says,  in  a  note  to  this  paper,  *  Setween  the  years  1841  and  1845, 1  made 
upwards  of  twenty  cannon  of  this  matenal  (wrought-iron).  They  wero  all  made  up 
of  rings,  or  short  hollow  cylinders,  welded  together  endwise.  Each  ring  was  made 
of  bars  wound  upon  an  arbour  spirally,  like  winding  a  ribbon  upon  a  block,  and,  being 
welded  and  shaped  in  dies,  were  joined  endwise  when  in  the  furnace  and  at  a  weld- 
ing heat,  and  afterwards  pressed  together  in  a  mould  by  a  hydrostatic  press  of  1,000 
tons  force.'  Finding  in  the  early  stage  of  the  manufacture  that  the  softness  of  the 
wrought-iron  was  a  serious  defect^  he  formed  those  made  afterwards  with  a  lining 
of  steel,  the  wrought-ison  bars  being  wound  upon  a  preyiously  formed  steel  ring. 

Mr.  Nasmyth  undertook,  in  1854,  an  enormous  wrought-iron  gun,  of  18  inches 
calibro ;  but  thero  was  some  failure  in  the  forging. 

In  1 856,  Messrs.  Horsfall,  of  Liverpool,  completed,  and  proved  with  a  solid  shot  of 
300  lbs.  and  45  lbs.  of  powder,  a  wrou^t-iron  gun,  18  inches  calibre,  and  18^  feet 
length  of  chase,  perhaps  the  largest  and  most  remarkable  forging  over  made.  Two 
wrought-iron  mortars,  of  36  inches  calibre,  built  up  of  separate  pieces,  were  constructed 
about  the  same  time  for  the  Government,  horn,  the  designs  of  Mr.  liallet.  A  detailed 
account  of  this  monster  mortar  is  given  at  page  235. 

Cast-Iron  Guns, — ^The  date  of  £e  introduction  of  cast-iron  guns  is  very  uncertain. 
Blast  furnaces  for  smelting  replaced  the  old  Catalan  methods  about  the  commence- 
ment of  the  fifteenth  centuiy,  wero  known  in  the  Hartz,  in  Westphalia,  in  Flanders, 
and  seem  to  have  come  to  us  thence,  and  were  not  uncommon  about  the  middle  of  the 
centuiy.  There  is  in  the  repositoiy  at  Woolwich  an  18-inch  Fierriere,  captured  at 
Corfu,  with  the  date  1684  upon  it»  an  early  example  of  cast-iron. 

In  the  sixteenth  and  seventeenth  centuries,  the  average  sizes  of  guns  in  England 
were  as  follow : — 

The  cannon  royal,  or  piece  of  eight 
The  demi-cannon 
The  culverin 
The  domi-culyerin 
Thesaker  . 


Length 

Calibie 

Weight 

ftet 

lbs. 

lbs. 

.     12     . 

48     . 

8,000 

.     12     . 

36     . 

6,000 

.     12    . 

20     . 

4,800 

.     11     . 

10     . 

2,700 

.     10     . 

6     . 

1,500 

The  smaller  sizes  were  called  minion,  falcon,  £&loonet»  zabineti  and  base,  the  last  of 
which  only  carried  a  5-ounce  ball  of  lead. 

Catmtm  of  Bronze, — The  earliest  bronze  guns  appear  to  have  been  cast  in  Europe 
about  1370.  Between  that  and  1400,  bombards  wero  cast  (after  the  moro  ancient 
models  of  iron)  in  bronze  with  separate  and  with  attached  chambers  {oamM  i  boUe), 
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th^  ancestors  of  all  modorn  breech-bading  guns ;  and  culyerind,  whioh  replaced  the 
kon  serpentines,  and  were  of  enormous  lengUi,  35  to  60  calibres,  and  great  strengtli 
towards  the  breech,  but  of  small  calibre.  Manyezamples  remain  of  a  later  date :  one 
at  Doyer  Oastle,  another  in  the  Dial  Square,  Woolwidi  Arsenal,  and  the  eelebiated 
one  of  Nancy  (1698),  above  21  feet  in  length,  carrying  about  an  18-pound  iron  ball. 
In  England  the  earliest  bronze  guns  are  said  to  have  been  cast  by  one  John  Owen, 
in  1535. 

Few  examples  are  met  wkh  of  guns  formed  of  metal  in  strictly  atomic  propor- 
tions; but  alloys  are  found  therein  presenting  eyeiy  formula,  from  7Cu  +  Snupto 
83Cu  +  4Sn.  The  proportions  most  approved  of  in  the  arsenals  of  Europe  appear  to 
vibrate  between  100  by  weight  of  copper  to  9  of  tin,  up  to  100  of  copper  ana  12  of 
tin.  In  France,  100  copper  + 11  tin  by  weight  is  Uie  proportion  fixed  by  law,  ainl 
invariably  aimed  at.  In  the  United  States,  100  copper  + 12*5  tin  is  adopted  for  certain 
species  of  guns. 

The  proportions  of  tin  and  copper  used  in  making  bromse  guns  in  the  United 
States :—  Density  Tenacity 

Tin,  1  part     ....    7297        .        .      2,122 


Copper,  8  parts 
Hean  proportional . 
Mean  of  83  guns  , 
Mean  of  83  gun-heads 


.    8*672        .        .    24,252 
.    8-619        .        .    21.798 
.    8-751 
.    8-523        .        .    29,665 

Bronze  guns  are  liable  to  diof)  at  the  muzzle ;  this  is  due  to  the  unequal  tempera- 
ture of  the  inside  and  of  the  outside  of  the  ffun. 

Brass  ordnance  are  made  of  what  is  called  guk-hbtal,  composed  of  about  10  parts 
of  copper  and  1  of  tin. 

One  of  the  first  inquiries  of  im^rtance  in  connection  with  the  construction  of 
pieces  of  artillery  is  that  of  the  liability  to  flracture  in  the  metaL  Upon  this  point 
the  researches  of  Mr.  Mallet  furnish  much  important  matter.  He  tells  us,  as  the 
result  of  his  investigation,  that  itU  a  law  of  the  molecular  aggregation  of  orgstalline 
solids,  that  when  ihetr  particles  consolidate  under  the  infiuence  ofheaJt  in  motion,  their 
crystals  arrange  and  group  themselves  with  their  priwApal  axes  t»  Umes  perpendieitUtr  to 
the  cooling  or  heating  surfaces  of  the  solid:  that  is,  in  the  lines  of  the  direction  of  the 
heat-wave  in  motion,  which  is  the  direction  of  least  pressure  within  the  mass.  And  this 
19  true,  whether  in  the  case  of  he&t  passing  fiom  a  previously  fused  solid  in  tiie  act  of 
cooling  and  crystallising  in  consolidation,  or  of  a  solid  not  having  a  crystalline 
structure,  but  capable  of  assuming  one  upon  its  temperature  being  sufflcientiy  raised, 
by  heat  applied  to  its  external  su^flaces,  and  so  passina  into  it. 

Cast-iron  is  one  of  those  ciystallising  bodies  which,  in  consolidating,  obeys,  more 
or  less  perfecUy  according  to  conditions,  the  above  law.  In  castings  of  iron  the 
fdanes  of  crt/stallisaiion  group  themselves  perpendicularly  to  the  surfaces  of  external  con- 
tour, Mr.  Mallet,  after  examining  the  experiments  of  Mr.  Fairbaim — ^who  states 
('Tnns.  Brit  Ass.'  1868)  that  the  grain  of  the  metal  and  the  physical  ^qualities 
of  the  casting  improve  by  some  ftinction  of  the  number  of  meltings ;  and  he  fixes  on 
the  thirteenth  melting  as  that  of  greatest  strengtii — shows  that  the  size  of  crystals, 
or  coarseness  of  grain  in  castings  of  iron,  depends,  for  any  given  *make'  <Mf  iron 
and  given  mass  of  casting,  upon  the  high  temperature  qf  the  fluid  iron  above  thai  just 
necessary  to  its  fusion,  which  influences  the  tijne  that  the  molten  mass  takes  to  oocl  down 
and  assume  again  the  solid  state. 

The  very  lowest  temperature  at  which  iron  remains  liquid  enough  fully  to  fill 
every  cavity  of  the  mould  without  risk  of  defect,  is  that  at  which  a  large  casting, 
such  as  a  heavy  gun,  ought  to  be  '  poured.'  Since  the  cooling  of  any  mass  depends 
upon  the  thickness  of  the  casting,  it  is  important  that  sudden  changes  of  form  or  of 
dimensions  in  the  parts  of  cast-iron  guns  should  be  avoided.  In  tiie  sea  and  land 
service  18-inch  mortars,  where,  at  the  chamber,  the  thickness  of  metal  suddenly 
approaches  twice  that  of  the  chase,  there  is  evidently  a  malconstruction. 

The  following  statements  of  experiments  made  to  determine  the  effect  produced  on 
the  quality  of  t^e  iron  in  guns,  by  slow  or  rapid  cooling  of  the  casting,  are  ^m  the 
report  of  Msjor  W.  Wade,  of  the  South  Boston  Foundry,  to  Colonel  George  Bomford, 
of  the  Ordnance  Department  of  the  United  States.  Three  six-pounder  cannon  were 
cast  at  the  same  time  from  the  same  melting  of  iron.  The  moulds  were  similar  and 
prepared  in  the  usual  manner.  That  in  which  No.  1  was  cast  was  heated  before 
casting,  and  kept  heated  afterwards  by  a  fire  which  surrounded  it,  so  that  the  fiask 
and  mould  were  nearly  red  hot  at  the  time  of  casting ;  and  it  was  kept  up  for  three 
days.    Nos.  2  and  3  were  cast  and  cooled  in  the  usual  way. 

At  the  end  of  t^e  fourth  day  the  gun  No.  1  and  flask  were  withdrawn  from  the 
heating  cylinder  while  all  parts  were  yet  hot.  Nos.  1  and  2  were  bored  for  6- 
poundera  in  the  usual  way;  No«  3  for  a  12-pounder  howitier,  with  a  6-poander 
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ehamber.  The  firing  of  the  guns  was  in  every  respect  the  same.  Nos.  1  and  2 
were  fired  the  same  ntimber  of  times  with  similar  charges.  No.  1  burst  at  the 
27th  fire,  and  Ko.  2  at  the  25th.  It  appears  from  these  results,  that  no  material 
fiffbet  is  produced  on  the  quality  of  the  iron  by  these  different  modes  of  cooling  the 
eastings. 

A  yeiy  eztensiTe  series  of  experiments  was  made,  by  the  order  of  the  United 
States'  GioYemment^  on  the  strength  of  guns  cast  solid  or  hollow.  In  these  it  was  con- 
firmed that  the  guns  cast  hollow  endured  a  much  more  severe  strain  than  those  cast 
solid.  Considerable  differences  were  also  observed,  whether  the  casting  was  cooled 
from  within  or  without;  and  Lieutenant  Bodman's  method  of  cooling  from  the  interior 
is  regarded  as  tending  to  prevent  injurious  strains  in  cooling. 

Major  Wade  inf<»ms  us  that  time  and  repose  have  a  surprising  effect  in  removing 
strains  caused  by  the  unequal  coolings  of  iron  castings. 

Crreat  advances  have  been  made  in  improving  the  quality  of  iron  guns.  Guns 
cast  prior  to  1841  had  a  density  of  7*148,  with  a  tenacity  of  23,638.  Guns  cast  in 
1861  had  a  densi^  of  7*289,  with  a  tenacity  of  37,774. 

l%e  following  Table  gives  t^e  results  of  all  the  trials  made  for  tho  United  States 
Government^  showing  the  various  qualities  of  different  metals : — 


Torsion 

Com- 

Hetals 

Density 

Tenacity 

^nraxyrvene 
Strength 

AtHalfi 
Degree 

XJitlmste 

pressiTe 
Strength 

Hard- 

neaa 

Cast-iron:— 

Least      . 

6*900 

9,000 

5,000 

8,861 

5,605 

84,592 

4-57 

Greatest  . 

7*400 

45,970 

11,500 

7,812 

10,467 

174,120 

33-61 

Wrought-iron : — 

Least       . 

7*704 

88,027 

6.600 

3,197 

*•. 

40,000 

10-46 

Chreatest . 

7-858 

74,592 

.•• 

4,298 

7,700 

127,720 

12-14 

Bronze: — 

Least       . 

7-978 

17,698 

... 

2,021 

5,511 

... 

4-57 

Greatest. 

8*953 

56,786 

... 

.•• 

... 

... 

5-94 

Cast-steel:— 

Least       .        . 

7-729 

... 

... 

... 

... 

198,944 

Greatest. 

7*862 

128,000 

23,000 

... 

V. 

391,985 

The  following  analyses  of  the  metal  of  iron  guns  of  three  qualities  are  important  :-^ 
Jfifiumce  of  Single  Ingredients, 


Claaes 

MeehaaioallMa 

Qwrtby 

a^nsile 
Strength 

Oombined 
Carbon 

Graphite 

EOag 

FhoB. 
phoroa 

Solphnr 

Earthy 
MctAla 

1 
2 
3 

7-204 
7*140 
7-088 

28,865 
24,767 
20.176 

•0977 
•0819 
-0726 

•0507 
•0676 
•0860 

•0417 
•0638 
•0531 

•0215 
•0200 
-0219 

•0289 
•0300 
•0321 

•0017 
•0021 
•0021 

•0117 
•0094 
-0144 

hifluenee  qf  Two  or  more  Ingredients, 


ClaflM 

Meohanical  Teats 

OhemloalOonstitnentB 

Spedflo 
Gravity 

Teoatle 
Strength 

ftniftlnm 

and 
Carbon 

SUIcinm 
and  Slag 

Grai^te 
andShig 

Gijphite, 
and  Slag 

Gn4>hite, 

S]ag,Sillcimn, 

and  Fhos- 

phoroB 

Total 
Carbon 

1 
2 
8 

7*204 
7*140 
7-088 

28,865 
24,767 
20,176 

-1394 
-1357 
•1257 

•0632 
•0738 
•0750 

•0722 
•0776 
80' 

•1139 
•1314 
•1811 

•1378 
•1614 
•1632 

•1484 
•1395 
•1286 
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An  inspection  of  the  first  of  the  foregoing  Tables,  representing  the  average  amonnt 
of  each  foreign  ingredient  in  gon-metal  deduced  from  all  the  analyses,  shows  a  con- 
siderable difi&rence  in  the  proportions  of  those  ingredients  in  each  of  the  three  classes 
into  which  guns  are  divided.  It  will  be  observed,  that  while  the  proportion  of  com- 
bined carbon  diminishes  from  the  1st  to  the  3rd  class,  that  of  siUcium  similarly 
increases,  so  that  their  united  amounts  are  nearly  the  same.  In  other  words,  it 
appears  that  silicium  can  replace  the  carbon  to  a  certain  extent;  but  that  the  quality 
of  the  metal  is  injured  where  the  amount  of  the  silicium  approaches  that  of  the  carr 
bon.  Karsten  made  a  similar  obseryation  in  determining  the  limits  between  cast-iron 
and  steel,  but  did  not  notice  the  influence  of  that  substitution. 

But  the  differences  become  more  striking  by  combining  the  ingredients  variously 
together,  as  in  the  second  of  those  Tables ;  and  espedally  by  comparing  the  extremes, 
which  are  each  derived  from  a  laiger  number  of  observations  than  the  mean. 

After  showing  the  total  amount  of  carbon  (both  combined  and  uncombined),  sili- 
cium and  combined  carbon  are  thrown  together,  which  indicates  the  replacement  by 
silicium  of  that  portion  of  carbon  set  free  in  the  form  of  graphite.  The  column  *  sili- 
cium and  slag'  shows  the  general  depreciation  of  the  metal  as  the  silicioos  metal 
increases. — From  the  Beport  qf  Campbell  MorJU  and  James  C.  Booth  to  the  Ordnance 
Office,  Untied  Staiei  Army, 

The  following  analyses  (rejecting  those  substances  of  which  onlv  a  mere  trace 
has  been  discovered),  £rom  the  same  chemists,  are  selected  as  showing  striking 
peculiarities : — 


1. 82-poander,  which  en- 
.  dured    the    extreme 
proof  .... 
2. 82-poiinder,   which  en- 
doied    the     eztrame 
proof.    Hot  blast  iron 
34-poandfir»  whloh    en* 
dared    the    extreme 
proof.    Hot  blast  iron 
8. 42-poimder    . 
83-poimder    . 
82-poander    . 


*92400 
92155 
•92540 
98450 


98520*03000 


•03800 


08000 
•08200 
02800 
02900 


•03200 
•00200 


01200 
•00700 
•00160 
•00900 


•00776 
02000 


01790 
01180 
00780 
•00900 


•00400 


•00200 
00100 
00900 
00200 


00088 
•00666 


03100 


•05213  •00072 


-00626  •02344^00080 
•00800  -01448  -00074 
•00738  •02817|^00061 
•01290-01810     . 


00028 
•00048 


00028 

•00066 

00057 

? 


•00106 


00234 
00816 
00170 
•00158 


•00034 


00220 
•00026 


Comparison  of  Weighty  Strength,  Extensibiltiy,  and  Stiffness;  Cast-Iron  being  unity 
'  wiihin  practical  limits  to  static  forces  only. 


Material 

Weljriitfbr 
B  Yolimie 

Strength 

Extensibmiy 

StiitneaB 

Torsion 

Cast-iron    . 
Gun-metal . 
Wrought-iron     . 
Steel. 

100 
118 
1-07 
1-07 

1-00 
0-66 
800 
4-76 

100 
1-27 
0-46 
0-82 

1-00 
0-63 
2-20 
815 

1-00 
0-56 
1-11 
2-11 

We  find  that  wrought-iron  guns  are  more  than  fivefold  as  durable  as  those  of 
gun-metal,  and  twenty-two  times  as  durable  as  those  of  cast-iron.  And  taking  first 
cost  and  durability  together,  gun-metal  cannon  are  about  seventy-seven  times,  and 
cast-iron  guns  about  thirty  times,  as  dear  as  wrought-iron  artilleiy.  Again :  the  cost 
of  horse-labour,  or  other  means  of  transport  for  equal  strength  (and,  of  course,  there- 
fore, for  equal  effective  artillery  power),  is  about  five  times  as  great  for  gun-metal, 
and  nearly  three  times  as  great  for  cast-iron  as  for  wrought-iron  guns.  In  every 
respect  in  which  we  have  submitted  them  to  a  comparison,  searching  and  rigid,  and 
that  seems  to  have  omitted  no  important  point  of  inquiry,  wrought-iron  sta:^  pre- 
eminently superior  to  eveiy  other  material  for  the  fabrication  cf  oz^ianoe. — United 
Stateif  Beport. 

The  advantages  possessed  bv  rolled  bars  for  the  construction  of  artilleiy  are  thus 
summed  up  by  ICr.  Hallet>  in  his  *  Memoir  on  Artilleiy :  '— 
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1.  The  iron  oonstitatang  the  integrant  pAzts  is  all  in  moderate-sixed,  fitiai|;ht,  pns- 
matic  pieces,  formed  of  rdled  bars  only ;  hence,  with  its  fibres  all  longitudinal,  per- 
fectly nniform,  and  its  extensibility  the  greatest  possible,  and  in  the  same  direction  in 
which  it  is  to  be  strained ;  it  is,  therefore,  a  better  material  than  any  forged  iron  can, 
by  possibility,  be  made. 

2.  The  limitation  of  manufacture  of  the  iron,  thus,  to  rolling,  and  the  dispensing 
with  all  masdye  forgings,  insures  absolute  soundness  and  nniformity  of  properties  in 
the  material. 

3.  The  limited  size  of  each  integrant  part,  and  the  mode  of  preparation  and  com- 
bination, a£ford  unayddable  tests  of  soundness  and  of  perfect  workmanship,  step  by 
step,  for  eyery  portion  of  the  whole:  unknown  or  wilMly  concealed  defects  are 
impossible. 

4.  Facility  of  execution  by  ordinary  tools,  and  under  easily  obtained  conditions, 
and  without  the  necessity  either  for  peculiarly  skilled  labour  on  the  part  of  *heayy 
forsemen,'  or  for  steam  or  other  hammers,  &c,  of  unusual  power,  and  yery  doubtful 
i^iSty;  and  hence  yery  considerable  reduction  in  cost  as  compared  with  wrought-iron 
artillery  forged  in  mass. 

6.  Fmlity  of  trammort  by  reduction  of  weight,  as  compared  with  solid  guns  of  the 
same  or  of  any  other  known  material. 

6.  A  better  material  than  massiye  forged  iron,  rolled  bars  are  much  more  scien- 
tifically and  adyantageously  applied ;  the  same  section  of  iron  doing  much  more  resist- 
ing work,  as  applied  in  the  gun  built-up  in  compressed  and  extended  plies,  than  in 
any  solid  gun. 

7.  The  introduction  thus  into  cannon  of  a  principle  of  elasticity,  or  rather  of  elastic 
range  (as  in  a  carriage-spring  diyided  into  a  number  of  superimposed  leayes),  greater 
than  that  due  to  the  modulus  of  elasticity  of  the  material  itself;  and  so  acting,  b^  dis- 
tribution of  the  mairimum  e&rt  of  the  explosion,  upon  the  rings  successiyely  recipient 
of  the  strain  during  the  time  of  the  ball's  tiajet  through  the  chase,  as  materially  to 
relieye  its  efibcts  upon  the  gun. 

Ck>nsiderable  attention  has  been  giyen,  of  late  years,  to  the  construction  of  yery 
powerftil  pieces  of  ordnance.  Cast-iron  cannon  are  usually  employed,  but  these  yory 
soon  beoome  useless  when  exposed  to  the  sudden  shocks  of  rapid  firing.  Cast-iron  is, 
eomparatiyely  speaking,  a  weak  substance  for  resisting  extension,  or  for  withstanding 
the  explosiye  energy  of  gunpowder,  compared  with  that  of  wrought-iron,  the  proportion 
being  as  1  is  to  5 ;  consequently,  many  attempts  haye  been  made  to  substitute  wrough.^^ 
iron  cannon  for  cast 

A  gun,  exhibited  in  1851  by  the  Belgian  Qoyemment,  made  of  cast-iron  *  prepared 
foUh  coke  and  v)ood^  was  said  to  haye  stood  2,116  rounds,  and  another,  8,6  if  rounds, 
without  much  injury  to  the  touch-hole  or  yent.  Another  is  said  to  haye  been  twice 
*rebouched,'  and  has  stood  6,002  rounds  without  iigury.  As  few  guns  of  cast-iron 
will  stand  more  than  800  rounds  without  becoming  unserviceable,  this  mode,  of  pre- 
paring the  iron  appears  to  be  a  great  improyement  At  St.  Sebastian  2,700  rounds 
were  fired  from  the  English  batteries,  but,  as  was  obseryed  by  an  eye-witness,  <you 
could  put  your  fist  into  the  touch-holes.' — Cohnel  JameSi  B.E. 

In  Prussia  they  haye  for  some  time  made  cannon  of  *  forged  cast-steeL'  To  get  oyer 
the  difOumlty  of  forging  the  gun  with  the  trunnions  on,  the  gun  has  been  made  without 
them,  and  a  hollow  casting  with  trunnions  afterwards  slipped  oyer  the  breech,  and 
secured  in  its  proper  position  by  screening  in  the  cascable.  The  tenacity  of  this  metal 
must  be  yery  great. 

Castdto  of  Qttns. — Guns  haye  long  been  cast  in  a  yertical  poation,  and  with  a  cer-  ^ 
tain  amount  of  *  head  of  metal '  aboye  the  topmost  part  of  the  gun  itself.  One  object  * 
gained  by  this  (of  great  yalue)  is  to  afi&rd  a  gathering-place  for  all  scoria,  or  omer 
foreign  matter ;  an  end  that  might  be  much  more  eflfe^ually  accomplished  were  the 
metal  always  run  into  the  cayity  of  the  mould  by  *  gaits '  leading  to  the  bottom,  or 
lowest  point)  in  place  of  the  metal  being  thrown  in  at  the  top,  with  a  fall,  at  first,  of 
seyeral  feet,  as  is  now  the  common  practice,  by  which  much  air  and  scoria  are  carried 
down  and  mixed  with  the  metal,  some  of  which  never  rises  up  again,  or  escapes  as 
*  Mr-bubbles.* 

The  yalue  of  the  'head  of  metal'  in  casting  of  guns  is  shown  by  the  following 
Table,  constructed  by  Mr.  Bobert  Mallet,  after  a  series  of  carrfully  conducted  ex- 
periments, which  he  published  in  a  paper  entitled  *  On  the  P^eical  CondUUmi  involved 
inikeC(m9truotionofArHaery*>^ 
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Oeneral  ClasaificiUum  of  the  Princi^  Makea  of  BriHth  Casi-Inma  a$  appiicabU  to 
ArtiUery,  (Ml  deduced  from  equal  PieceSt  cast  One  Inch  thick  and  Five  Jncha 
square.) 


17 


M 


Hot 

■  of  Iron  or 

Cold 


Apedftle  . 
Hardest    Pro- 
cniable. 
Oldberry 
Ponkey  . 

Pentwyn 
Oalder    . 
Shotts     •       • 
Dowlaii 
(Finery  Fig). 


Arlgnii   • 
BmchUl'i 
Mnirkirk 
Pentwyn  (pe- 
culiar) 


Arlgna  .       . 
Apedale    (CTy- 
linderlxon). 
Pentwyn 
Cakler  No.  1, 


Gi 

i 

M 

cn 
Pi 

A] 
I> 
Ct 
A: 
£ 

Calder 
Scrap}. 


3«|  OartshofTie 
Low  Moor 
BhotU     . 
Blaina    . 
Arigna    . 
Gartsbenie 
Shotta     . 
YartegHin 
Oalder     . 
Sanunerlie 
Hadeley  Wood 

Ginderfoid 
(Barron   .       * 
Gartsherxie    . 


mereUl 
No. 


Cold 


Hot 
Cold 

Hot 
Hot 
Hot 
Hot 


Ck>]d 
Cold 
Hot 
Hot 


Gold 
Hot 


Hot 


Hot 
Cold 
Xk>ld 
Hot 
Cold 
Hot 


No.  2 
Scrap 

No.  8 
No.  3 

No.  2 
No.  4 
No.  4 
No.  4 


No.l 
No.l 
No.  3 
No.l 


No.  8 
No.  3 


No.  2 


No.  4 
No.l 
No.1 
No.1 
No.  8 
No.1 


Hot    No.  2 
Cold   No.  2 


MnirUrk 


Dowlais  . 
Aiigna    • 


Lilleahan 
SbottB     . 
Ck>ed  Talon 
Bntterly 
Coed  Talon 


Hot 
Cold 
Gold 
Hot 
Hot 
Hot 
Hot 
Hot 
Cold 
Cold 
Gold 
Hot 
Hot 

Hot 
Hot 
Hot 
Gold 

Hot 
Cold 
Hot 
Hot 
Hot 
Cold 


Sflvery" 


Micaoeons 


Mottled 


Bright  Grey 


No.  2 
No.  8 
No.  8 
No.1 
No.  8 
No.  2 
No.  8 
No.  2 
No.1 
No.1 
No.1 
No.  2 
No.  8 

Na8 
No.  3 
No.1 
No.  2 

No.1 
No.1 
No.  2 
No.  2 
No.1 
No.2 


Least  fusible:  tUck- 
ening  rapidly  when 
fluid   by   a    sponta* 

n  eons  *  puddling,'  ve- 
sicular, often  crys- 
talline, incapable  of 
being  cut  by  chisel 
or  file ;  ultimate  co- 
hesion a  maximum, 
and  eUsUo  range 
generally  a  mini- 
mum* 

fVery  soft;  feds  greasy;' 
peculiar  micaceous 
appearance,  gene- 
rally owing  to  excess 
of  manganese;  soils 
the  fingers  strongly, 
crystals  large;  nms 
yery  fluid ;  contrac- 
tion laige. 


Tough  and  hard,  can 
be  with  difflcnlty  filed 
or  out;  crystalshirge 
and  small  mixed  ;• 
Bometimeerunsthick; 
contraction  on  cool- 
ing a  mazimnm. 


BollOiey 


Tonghneai  and  hard- 
ness most  suitable  for 
working;  ultimate 
cohesion  and  elastic 

'  range  generally  are 
balanced  meet  ad- 
vantageously; crys- 
tals uniform,  very 
minute. 


Less  tough  and  hard 
than  the  preceding, 
other         characters 

'  alike;  contraction  on 
cooling  genenlly  a 


7*608 
7-624 

7-501 
7-283 

7*629 
7-527 
7-158 
6*878 


7*015 
6-928 
6*980 
7-000 


7*808 
7-116 


7-017 
7*168 


7*188 


7*204 
V14D 
7*248 
7-268 
7'280 
7*079 
7*184 


6*829 


ChlUed 
Sand 


Sand 


Chilled 
Sand 
Sand 
Sand 


Sand 
Sand 


Chilled 
Sand 


Sand 
Sand 


Sand 


Sand 
Sand 
Sand 
Sand 
Chilled 
Chilled 


Chilled 


7«11» 
7*150 
7*162 
7*159 
7*141 
7*001 
7*188 
7-074 
7*064 
7*156 
7*115 
7*097 
7*049 
7S»1 
7*047 

6*888 
7*124 
7*164 
6*809 

7*109 
7*206 
7*152 
7-080 
7*068 
7*020 


Sand 


Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Sand 
Band 
Sand 
Sand 

Sand 
Sand 
Sand 
Sand 

Band 

Sand 
Sand 
Sand 
Sand 


sity. 

VaTiwinm  ulti- 
mate Strength. 


Full  of  micro- 
icopio  Tesioles. 


'^fl'^T^fnnTn    QOU* 

traction        in 
cooling. 


|fft^r^^lHnIB. 


IfinfanmBi  d4ii< 
sity  forma  as 
No.  8. 


Ifinimnmda 
Blty,  solid. 
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ChanoMv  la  Working 


Bp.  Or.  How  CMt 


PhjflloiaiUxlma 
and  Minima 


Canon  . 
Dowlais  . 
Dowlais  . 
BlMoavon 
Moiddrk 

Mnfton  . 
Oakkr  . 
Calder  i,Ftti- 

Ajngna^iPen- 
twyn  I 


Cold 
Cold 
Cold 
Cold 
Cold 

Hot 
Hot 


No. 
No. 
No. 
No. 
No. 


No.l 


DarkOrcy 


Koet  fusible ;  remaint 
long  floid,  exudes 
graphite  in  oooling; 
soils  the  fingers;  crys- 
tals large  and  lamel- 
lar (  ultimate  cohe- 
lion  a  minimum,  and 
elastic  range  gene- 
rally axnazimiuiw 


7-107 
7-169 
7-193 
7-148 
7-076 

7-078 
7-027 
6-978 

7*0«0 


Band 
Sand 
Sand 
Sand 
Sand 

Sand 
Sand 
Sand 

Sand 


Minimum    ulti- 
mate strength. 


Ikble  showing  the  Increase  of  Density  in  Castings  of  large  Siee,  due  to  their  8olid\fi' 
catwn  under  a  Head  ofMtiaiy  varying  from  two  to  fourteen  Feet : — 


Oalder  Cast-iron,  No.  1, 
Hoi  Blast 


If 


0 

24 

48 

72 

96 

120 

144 

168 


i 


6-9551 
6*9688 
70145 
7-0506 
7-0642 
70776 
7-0907 
7-1036 


-0082 
•0512 
•0361 
•0186 
•0184 
•0181 
-0128 


Blaenavon,  No.  1, 
Cold  Blast 


0 

24 

48 

72 

96 

120 

144 

168 


OQO 


7-0479 
7-0576 
7-0777 
7-0890 
7-1012 
71148 
7-1288 
7-1480 


•0097 
•0201 
•0113 
•0122 
•0136 
•0140 
•0142 


Apedale,  No.  2, 
Hot  Blast 


0 

24 

48 

72 

96 

120 

144 

168 


cqO 


7*0828 
7-0417 
7-0558 
7-0669 
7-0789 
7-0915 
7-1046 
7-1188 


•0089 
•0141 
•0111 
•0120 
•0126 
•0131 
•0187 


The  experimentB  were  made  upon  cylindrical  shafts  of  cast-iion«  cast  yerdcally  in 
diy  sand-mould,  under  heads  giadually  increasing  up  to  fourteen  feet  in  depth,  and 
alipouied  from  '  gaits '  at  the  bottom. 

These  experiments  show  an  increase  of  density  due  to  fourteen  feet  head,  about 
equal  to  a  pressure  of  44-8  lbs.  per  square  inch  on  the  casting;  £rom  6*9551  to  7-1035 
for  Scotch  cast-iron. 

About  the  latter  end  of  1854,  the  attention  of  Mr.  Bobert  Mallet,  C.R,  was  directed 
to  the  mathematical  consideration  of  the  relatiye  powers  of  shells  in  proportion  to 
their  increase  of  sise  or  of  diameter.  His  inquiries  resulted  in  a  memoir  presented 
by  him  to  Gk>Temment,  in  which  he  inyestigated  the  increase  of  power  in  shells  with 
increase  of  diameter,  under  the  heads  of: — 1.  Their  penetrative  power.  2.  Their 
increased  range  and  greater  accuracy  of  fire.  3.  Their  explosive  power.  4.  Their 
power  of  demolition,  or  of  levelling  earthworks,  buildings,  &c  5.  Their  fragmentary 
missile  power.  6.  and  lastly,  their  moral  effect, — in  every  case  viewing  the  shell,  not 
as  a  weapon  against  troops,  but  as  an  instrument  of  destruction  to  an  enemy's  works. 
The  result  so  convinced  Mr.  Mallet  of  the  rapid  rate  at  which  the  destructive  powers 
of  a  shell  increase  with  increase  of  size,  that  he  was  induced  to  propose  to  Cfovem- 
ment  the  employment  of  shells  of  a  magnitude  never  before  imagined  by  any  one, 
namely,  of  a  yard  in  diameter,  and  weighing,  when  in  flight,  about  a  ton  and  a  quarter 
each :  and  to  prepare  designs,  in  several  respects  novel  and  peculiar,  for  the  construc- 
tion of  mortars  capable  of  projecting  these  enormous  globes.  Such  a  mortar  was 
made,  and  on  the  19th  of  October,  1857^  the  first  of  those  colossal  mortars,  constructed 
from  Mr.  Mallet's  design  (Jig.  91),  was  fired  on  Woolwich  Marshes,  with  charges  (of 
projection)  gradually  increasing  up  to  70  lbs. ;  and  with  the  latter  chaige  a  shell 
weighing  2,650  lbs.  was  thrown  a  horizontal  range  of  upwards  of  a  mile  and  a  half,  to 
a  height  of  probably  three-quarters  of  a  mile,  and  falling,  penetrated  the  compact  and 
then  hard  dry  earth  of  the  Woolwich  Bange  to  a  depth  of  more  than  18  feet,  tnrowing 
about  cartloads  of  earth  and  stones  by  the  mere  spiash  of  the  fall  of  the  empty  shell. 
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The  drawing  of  this  remarkable  piece  of  artillery  ia  presented— although,  except 
experimentally,  the  mortar  has  never  been  used.    It  certainly  is  a  remarkable  example 


of  engineering  skill.  Mallet's  mortar  is  formed  wholly  of  wrought-iron  in  concentric 
rings,  and  each  mortar  is  separable  at  pleasure  with  13  pieces,  the  heaviest  weighing 
about  11  tons,  the  entire  mass  being  52  tons. 

The  position  attained  by  Bifled  Ordnance  manufEictured  on  the  principles  advocated 
by  Sir  wilUam  Armstrong  is  such,  that  it  appears  desirable  to  describe  the  mode  of 
constructing  those  guns.  Sir  William  Armstrong  himself  describes  the  principles  by 
which  he  has  been  guided  in  the  construction  of  his  guns,  in  his  paper  communicated 
to  the  *  British  Association,'  and  reprinted  in  '  The  Industrial  Besources  of  the  Tyne, 
Wear,  and  Tees. '  With  some  slight  alteration  this  has  been  retained  as  the  best  possible 
source  of  information. 

*  In  the  month  of  December,  1864,  my  friend  Mr.  Bendell,  the  well-known  engineer, 
submitted  to  Sir  James  Graham  a  communication  he  had  received  from  me  suggesting 
the  expediency  of  enlarging  the  ordinary  rifle  to  the  standard  of  a  field-gun,  and  using 
elongated  projectiles  of  lead  instead  of  balls  of  cast-iron.  This  communication  was 
handed  by  Sir  James  Graham  to  the  Duke  of  Newcastle,  then  Minister  of  War,  with 
whom  I  had  an  interview  on  the  subject  in  company  with  Mr.  Bendell. 

*  At  this  interview  I  was  authorised  by  his  Grace  to  cany  my  views  into  e£fbct,  by 
constructing,  upon  the  plan  I  had  suggested,  one  or  more  guns,  not  exceeding  six  in 
number,  and  to  make  the  necessary  experiments  in  connection  with  the  subject. 

'  In  acting  upon  the  authority  thus  received,  I  deemed  it  expedient  to  confine  myself, 
in  t^e  first  instance,  to  the  production  of  a  single  gun,  but  to  make  that  one  gun  the 
test,  not  only  of  the  prindjues  I  had  recommended,  but  also  of  the  feasibility  of  load- 
ing field-peces  at  tae  breech,  and  applying  certain  mechanical  arrangements  to 
counteract  recoil,  and  facilitate  the  pointing  of  the  gun. 

'  The  substitution  of  elongated  solid  projectiles  for  spherical  bullets  is  an  essential 
step  to  the  attainment  of  very  extended  range  in  artillery-practice ;  but  the  lengthen- 
ing of  a  solid  projectile  involves  the  necessity  of  strengthening  the  gun  to  enable  it  to 
resist  the  greater  intensity  of  force  which  becomes  necessary  to  give  the  required 
Telocity ;  and  this  object  can  only  be  eflEbcted,  consistently  with  lightness,  by  construct- 
ing the  gun  of  steel  or  wrought-iron  instead  of  cast-iron  or  bronze.  The  tensile  strength 
of  these  several  materials  is  exhibited  in  the  following  Table : — 

Breaking  rtnin  per 
■qnara  inch  of  aeotioiu 

Cast-steel,  about 60  tons. 

Sheer-steel 42    „ 

Wrooght-iron 26    „ 

Bronse  or  gun-metal,  about      .        .        .        .    16    „ 
Cast-iron 8    „ 

<The  first  and  strongest  of  these  substances,  vii.  cast-steel,  may  be  set  out  of  the 
questioD,  as  it  appears  impracticable,  in  the  present  state  of  manu&ctare,  to  prodooe 
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it  in  mA886B  snfficieiitly  large  without  the  occurrence  of  fl&wsi  which,  in  the  great 
majority  of  cases,  woold  destroy  its  efficiency.  Sheer-steel  may  be  forged,  like 
wronght-iron,  into  large  pieces :  but  in  a  gun  made  from  a  solid  mass  of  either  of 
these  substances,  the  foil  strength  of  the  material  can  never  be  realised,  because  the 
tenacity  of  wrought-iron  or  steel  is  always  less  in  the  lateral  than  in  the  longitudinal 
direction :  and  it  is  the  lateral  strength  which,  in  a  gun  so  manufactured,  would  be 
chiefly  brought  into  action.  There  is  also  much  uncertainty  in  the  lateral  streng^th 
of  wrou^t-iron  or  steel,  because  the  flaws  or  imperfections  of  welding  which  exist 
in  all  thick  masses  of  those  materials  almost  invariably  run  in  the  direction  of  the 
length,  and  in  general,  therefore,  only  detract  firom  the  strength  in  the  transverse 
direction.  It  is  for  these  reasons  that  the  barrels  of  muskets  and  Enporting  guns  are 
formed  by  twisting  long  slips  of  iron  into  spiral  tubes,  and  then  welding  together  the 
edges,  by  which  means  the  longitudinal  strength  of  the  slip  becomes  opposed  to  the 
explosive  force  of  the  powder,  and  the  weldings  being  transverse  with  the  bore,  have 
no  important  influence  in  lessening  the  strength  of  uie  barrel.  It  is  also  to  be  ob- 
served, in  reference  to  the  strength  of  steel  or  wrought-iron  cannon,  that  the  resistance 
of  a  cylinder  to  internal  pressure  does  not  increase  in  the  ratio  of  its  thickness.  If 
the  cylinder  be  regarded  as  made  up  of  a  number  of  concentric  layers,  each  capable  of 
sustaining  without  ii^jury  a  degree  of  extension  proportionate  to  its  length,  it  is  obvious, 
that  the  gpraater  the  circumference  of  each  layer,  the  less  will  it  be  stretchedby  a  given 
distention  of  the  bore,  and,  consequently,  the  less  will  it  contribute  to  the  general 
strength  of  the  ^linder.  The  ratio  of  this  decrease  is  very  rapid,  being  as  the 
square  of  the  circumference,  or  distance  from  the  centre  inversely ;  and,  consequently, 
when  the  i^linder  is  thick,  the  deficiency  of  strength  from  this  cause  becomes  very  great. 

'  Kow  this  defect  can  only  be  remedied  by  giving  to  the  external  portion  of  the 
cylinder  a  certain  initial  tension,  gradually  decreasing  and  finally  passing  into  com- 
pression towards  the  centre ;  and  although  this  conation  cannot  be  effected  by  any 
known  process  of  forging  or  casting,  yet  where  wrought-iron  or  steel  is  the  material 
used,  it  may  in  a  great  measure  be  attained  by  shrinking  an  outer  cylinder  upon  an 
inner  one,  and  in  like  manner  superadding  others  until  the  requisite  thickness  has 
been  aoqdred. 

'  The  method,  however,  of  forming  steel  or  wrought-iron  guns,  by  simply  forging 
the  material  into  the  required  form,  and  boring  it  in  the  usual  manner,  was  so  much 
recommended  by  its  faality,  that  I  was  induced  to  make  some  experiments  to  test  its 
snfiBciency. 

*  ^th  this  view  a  number  of  cylinders  were  forged,  each  twelve  inches  long  and 
five  inches  in  the  outward  diameter.  These  were  bored  to  an  internal  diameter  of 
one  and  three-quarter  inches,  and  tested  in  the  following  manner : — ^Each  cylinder 
was  entirely  filled  with  gunpowder,  and  the  open  end  was  pressed  by  screws  against  a 
very  thick  iron  tube  bored  to  the  same  diameter,  and  containiuff  a  cylindrical  shot  of 
lead  equal  in  weight  to  about  three  spherical  shot  of  the  same  diameter  and  material. 
Several  of  the  cylinders  burst  on  the  first  discharge,  and  those  which  remained  uu- 
iigured  were  afterwards  reduced  in  thickness,  and  tested  a  second  time.  If  they  still 
resisted  the  explosion,  the  thickness  was  farther  diminished ;  and  this  mode  of  pro- 
ceeding was  continued  until  fracture  took  place  in  all  of  them. 

'  The  results  obtained  in  this  manner  showed,  as  had  been  apprehended,  great  un- 
certainty in  the  strength  of  the  material,  and  rendered  it  impossible  to  ctefine  tiie 
thickness  necessary  to  resist  a  given  charge  of  powder.  I  felt  compelled,  therefore,  to 
dismiss  this  mode  of  construction,  and  to  adopt  another  more  correct  in  principle,  but 
more  difficult  of  execution. 

'In  the  above  experiment  it  was  found  that  steel  was  more  subject  to  defects  of 
welding  than  iron ;  but  being  a  harder  substance,  and  therefore  more  fitted  to  form 
the  surface  of  a  hore,  1  determined  to  apply  it  as  an  internal  lining,  and  to  obtain  the 
necessary  strength  hy  encircling  it  with  twisted  cylinders  of  wrought-iron,  tightly 
contracted  upon  the  steel  core  by  the  usual  process  of  cooling  lufter  previous  expan- 
sion by  heat.  Considerable  difficulties  were  encountered  in  carrying  this  plan  into 
practice ;  but  I  ultimately  succeeded  in  completing  a  gun,  of  which  the  following  is 
a  description. 

'The  gun,  when  fired,  recoils  upon  an  ascending  slide  without  displacing  the 
carriage,  and  then  returns  to  its  place  by  gravity.    The  slide-firame  turns  upon  a 

S'yot,  which  permits  the  gun  to  be  pointed  to  either  side  without  moving  the  carriage, 
iie  gun  is  elevated  and  depressed  by  means  of  a  screw,  which  is  fixed  to  and  moves 
with  the  slide,  and  a  similar  screw  is  applied  for  the  traversing  or  horizontal  move- 
ment The  arrangement  for  loading  at  the  breech  may  be  described  as  follows : — ^At 
the  back  end  of  the  gun  a  powerful  screw  is  applied,  having  a  hole  through  the  centre, 
forming  a  prolongation  of  uie  bore,  and  through  which  hole  the  bullet  and  charge  are 
delivered  into  tiie  gun.    A  <  breech-piece '  with  a  mitred  f&ctt  fitting  a  similar  face 
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at  the  end  of  the  bore,  is  then  dropped  into  a  recess,  and  by  the  action  of  the  screw 
pressed  tightly  into  its  seat,  so  as  effectoally  to  dose  the  bore. 

*  In  order  to  facilitate  the  loading,  the  bullet  and  cartridge  are  placed  in  a  tabe, 
trom  which  they  are  thrust  into  the  gun  by  means  of  a  rammer. 

*  The  breech-piece  contains  a  vent^  with  a  cayity  for  receiTiiUf  a  small  quantity  of 
powder  to  ignite  the  chai^ ;  and  as  the  breech-piece  is  prepared  for  firing  while  the 
gun  is  being  loaded,  no  time  is  lost  in  subsequent  priming. 

*  Sereial  of  these  breech-pieces  accompany  the  gun,  some  being  anan|ped  to  fire  by 
percussion-caps,  and  others  by  friction-tubes  or  port-fires. 

'  The  bore  of  the  gun  is  one  and  three-quarter  inches  in  diameter,  and  contains 
eight  spiral  grooves,  having  an  inclination  equal  to  one  turn  in  twelve  feet.  These 
grooves  terminate  at  a  distance  of  fourteen  inches  from,  the  breech,  and  the  bore  then 
gradually  expands  in  a  length  of  three  inches,  from  one  and  three-quarters  inches  to 
one  and  seven-eighths  inches  in  diameter.  The  bullet*  in  the  operation  of  loading, 
passes  freely  through  this  widened  space ;  but  its  diameter  being  a  little  in  excess 
of  the  bore,  it  lodges  in  the  tapered  contraction  at  the  ccmunencement  of  the  grooves. 

*  The  mode  in'iniich  the  gun  is  made  up  of  separate  parts  consists  in  surrounding  the 
steel  centre  with  twisted  cylinders  of  wrought-iron,  made  in  a  similar  manner  to  gun- 
barrels,  and  being  shrunk  upon  the  steel,  thev  are  in  that  state  of  initial  tension 
which  is  necessary  to  bring  their  entire  strength  into  operation. 

*  The  wei^t  of  the  gun  by  itself  is  about  6  cwts. ;  but*  including  the  carriage,  its 
weight  is  nearlv  identical  with  that  of  a  light  6-pounder  with  its  carriage  complete. 
It  is  probably  heavier  than  necessary,  but  recoil  might  be  inconveniently  increased  if 
the  weight  were  much  reduced. 

'Having  now  described  the  gun  and  its  carriage,  I  shall  proceed  to  speak  of  the 
projectile. 

*  The  resistance  which  a  projectile  encounters  in  passing  through  the  air  is  mainly 
dependent  upon  the  area  of  its  cross-section,  ana  the  advantage  of  lengthening  a 
bullet  consists  in  augmenting  the  weight  without  increasing  this  sectional  area ;  but 
in  order  to  realise  t£s  advantage  it  is  essential  that  the  bidlet  be  guided  endways  in 
its  course,  and  this  can  only  be  effected  by  causing  it  to  rotate  rapidly  upon  its  longer 
axis,  which  is  acooinplished  by  firing  it  from  a  rifled  bore. 

*  This  peculiar  inmience  of  rotation,  in  giving  persistency  of  direction  to  the  axis  of 
a  projectile,  is  entirely  distinct  from  tliat  which  it  also  possesses  of  correcting  the  ten- 
dency to  aberration  arising  from  irregular  form  or  density;  and  in  order  to  investi- 
gate experimentally  the  nature  of  this  action,  I  constructed  an  apparatus  by  which  a 
cylindrical  bullet  could  be  put  into  extremely  rapid  rotation,  ana  be  then  suspended 
in  a  manner  which  left  it  free  to  turn  in  any  direction. 

*  When  thus  suspended,  the  rotating  bullet  exhibited  the  same  remarkable  properties 
as  are  possessed  by  the  revolving  disc  in  the  recently  invented  instrument  called  the 
'  GvroBCope.'  When  pressure  was  applied  to  either  end  of  the  axis,  the  movement 
which  took  place  was  not  in  the  direction  of  the  pressure,  but  at  right  angles  to  it. 
Thus  a  vertical  pressure  deflected  the  axis  horicontally,  while  latml  pressure  de- 
flected it  vertically.  But  the  important  point  elicited  was  this,  that  the  time  required 
to  produce  these  indirect  movements  became  greater  as  the  velocity  was  increased, 
anc^  consequently,  that  the  amount  of  deflection  produced  in  a  given  time  by  a  given 
pressure,  diminished  as  the  rotation  was  accelerated.  Now,  all  disturbing  forces 
which  operate  upon  a  projectile  during  its  flight  must  necessarily  be  of  very  short 
continuance,  and  can  therefore  have  but  little  influence  in  diverting  the  axis  ^en 
thus  stiffened  by  rapid  rotation. 

*  I  also  found  that  a  cylindrical  bullet  with  tapered  extremities  was  more  easily  de- 
flected than  one  of  equal  weight  with  flat  or  merely  rounded  ends,  because  the  mean 
diameter  of  the  bullet,  and  consequently  the  mean  velocity  of  rotation,  were  thereby 
diminished.  So  far,  therefore,  as  accuracy  of  flight  depends  upon  the  ri^dity  of  the 
axis,  it  would  appear  that  the  nearest  practicable  approach  to  a  plain  cylinder  is  the 
most  desirable  form  for  a  projectile,  but  there  are  c^er  considerations  which  modify 
this  conclusion. 

*  It  is  also  to  be  observed,  that  since  the  rigidity  of  the  axis  (relatively  to  the 
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one  inch  in  diameter,  one  torn  in  forty-eight  feet  should  be  sufficient  for  a  bore  of 
six  indies,  provided  the  same  form  of  projectile  be  used. 

'  The  forms  of  bullet  which  I  actuaUy  tried  with  the  gun  wore  exceedingly  nume- 
rous, and  the  materials  used  for  these  bullets  was  in  aU  cases  lead  hardenend  by  an 
intermixture  of  antimony  and  tin ;  and  the  weight  varied  from  two  to  three  and  a 
hi^  pounds. 
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« In  trying  these  rarions  bullete,  a  number  of  each  kind  was  fired  against  a  vertical 
bank  at  a  distance  of  435  yards.  The  gun  was  constantly  pointed  at  the  same  object  ,and 
the  closeness  of  the  buUet-holes  to  ^ich  other  was  taken  as  the  criterion  of  accuracy, 
while  the  drop  below  the  level  of  the  aim  furnished  an  indication  of  comparative  range. 

'  The  conclusions  arrived  at  from  these  and  other  experiments  may  be  concisely 
stated  as  follows : — 

*  1st — ^A  pdnted  form  at  the  front  end  of  the  bullet  is  unfetvourable  to  accuracy  of 
flight,  unless  the  cylindrical  part  of  the  bullet  be  of  considerable  length ;  but,  on  the 
other  hand,  a  pointed  or  conoidal  form  behind,  has  the  effect  of  increasing  the  accu- 
racy attained.  This  may  be  explained  upon  the  very  probable  supposition  that  the 
blast  from  the  mouth  of  the  gun,  impinging  upon  the  rear  of  the  bullet,  will  operate 
more  unfeivourably  upon  a  flat  or  hollow  end  than  upon  a  rounded  or  conical  one. 

*  2nd.— Increase  <x  length  in  the  cylindrical  part  of  a  bullet  always  increases 
precision ;  but,  when  carried  beyond  a  certain  limit,  lessens  the  initial  velocity,  even 
where  the  chaige  is  proportionately  augmented. 

'  3rd. — Both  range  and  accuracy  were  affected  in  an  important  degree  by  the  manner 
in  which  the  bullet  fitted  the  contraction  in  the  gun.  When  the  fitting  part  was  in 
front  of  the  bullet,  the  pressure  of  the  gas  operating  upon  its  sides  compressed  it,  and 
the  same  efifect  was  produced,  though  in  a  less  degree,  when  the  conical,  or  rounded 
end  at  the  back,  projected  too  far  into  the  powder-chamber. 

'  These  effects  were  rendered  apparent  by  inspection  of  bullets  recovered  after  firing, 
many  of  which  were  found  in  nearly  the  precise  condition  in  which  they  quitted  the  gun. 

*  The  bullet  ultimatelv  selected  is  a  li^e  longer  and  heavier  than  those  experimented 
with,  and  diflfers  from  the  pointed  bullet,  in  being  longer  in  the  cylindrical  part  and 
having  a  coned,  instead  of  a  rounded,  end  behind ;  and  although  its  drop  in  a  range 
of  436  yards  is  considerably  more  than  that  of  several  of  the  shorter  bullets,  yet  there 
is  little  doubt  it  will  excel  them  in  range  at  higher  elevations  of  the  gun ;  because  I 
have  found  that  a  pointed  front  only  operates  in  sustaining  the  fiight  of  the  bullet 
when  the  range  is  long ;  and  a  high  initial  velocity,  whidi  materially  lessens  the 
drop  in  shoit  distances,  does  not  produce  the  same  effect,  in  a  corresponding  degree, 
when  the  distance  is  increased. 

'  Great  improvements  were  efibcted  in  the  accuracy  of  the  firing,  by  modif^ng  the 
shape  of  the  projectile ;  but  although  the  experiments  were  very  protracted,  I  feel 
that  they  require  to  be  further  prolonged  in  order  to  arrive  at  the  greatest  attainable 
perfection  in  the  form  of  the  bullet. 

'  The  ranges  at  different  elevations  were  not  ascertained  with  the  form  of  bullet 
ultimately  adopted ;  but  with  a  three-pound  pointed  bullet  and  charges  of  twelve 
ounces  of  powder,  they  were  as  follows : — 

Ranges  with  the  rifled  gun  and  three-pound  btdlets, 
Bangeiu  Yards. 

408^ 

770 

1,112 

1,500 

1,840 

2,066 

2,300 

2fi00J 

*  The  powder  used  was  a  mixture  of  blasting  and  *  double-seal  *  powder  in  equal 
proportions.  The  distances  given  are  in  most  cases  averages  of  several  shots ;  but 
m  some  instances  they  were  only  approximately  determined.  When  the  gun  had 
more  elevation  than  7^  the  bullets  could  only  be  fired  out  to  sea,  and  the  range  could 
not  be  ascertained. 

'  By  way  of  comparison  with  these  results,  an  extract  is  here  given  from  the  last 

edition  of  Sir  H.  Douglases  *  Naval  Gunnery,*  specifying  the  ranges  obtained  with  a 

68-pounder  throwing  shot  with  full  charges,  which  ranges,  it  will  be  seen,  are,  upon 

the  whole,  no  greater  than  those  of  the  tl^e-pound  bullet  fired  from  the  rified  gun  :— 

Ranges  with  a  GB-pounder, 

EteratioD.  •  Rango  in  Yards. 

^° 340 

1° 833 

2° 1,247 

3'=' 1,658 

4° 1,737 

6® 2,035 

6^ 2,337 

7« 2,440 


Measured  to  first  graze 
,npon  a  plane  about  five 
feet  below  the  centre  of 
the  gun. 
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<In  trying  the  initial  velocity  of  the  shot  by  means  of  a  ballistic  pendnlnm,  I  tras 
enabled  to  observe  its  penetrating  power.  When  fired  with  charges  of  18  oz.  of 
powder,  a  8-lb.  bullet  passed  through  2  feet  2  inches  of  hard  elm  timber,  and  flattened 
against  a  cast-iron  block  forming  the  back  of  the  pendulum.  The  initial  velocity  was 
similar  to  that  generally  obtained  with  round  shot  fired  with  proportionate  charges, 
viz.  about  1,550  feet  per  second. 

*  In  the  course  of  the  experiments  made  with  the  gun,  upwards  of  500  rounds  were 
fired ;  and  ample  opportumty  was  thus  afforded  of  judging  as  to  the  durabilit)r  of  the 
parts  affected  by  the  loading  at  the  breech.  At  first  the  fitting  surfaces  whidh  closed 
the  bore  were  of  unhaidened  steel ;  but  these  soon  fiiiled,  being  cut  away  in  nume- 
rous small  channels  by  the  ignited  gases.  TTie  steel  was  then  hardened ;  but  instead 
of  being  rendered  more  durable,  it  yielded  to  the  action  of  the  powder  more  rapidly 
than  before.  Conceiving,  therefore,  that  the  erosion  was  not  a  mechanical  action,  but 
a  chemical  efibct  of  combustion,  and  that  a  metal  which  was  a  better  conductor  of  heat 
than  steel  or  iron  would  be  less  liable  to  bum  on  the  surfiEUse,  I  was  led  to  substitute 
copper  as  the  material  of  the  parts  affected,  and  no  further  diflftculty  was  experienced. 
The  copper  fittings  applied  for  this  purpose  consist  of  two  annular  pieces,  one  of 
which  IS  screwed  into  the  breech  end  of  the  gun,  and  the  other  fixed  upon  the  breech-  . 
piece.  These  fittings  can  very  easily  and  quickly  be  repaired,  when  necessary,  by 
means  of  a  tool  provided  for  that  purpose,  and  can  also  be  removed  and  replaced  by 
others  kept  in  readiness  for  use ;  and  there  is  nothing  to  prevent  these  operations 
being  performed  by  the  gunners  when  on  service,  if  they  be  previously  instructed. 

'  The  advantages  of  loading  at  the  breech  may  be  stated  as  follows : — 

*  1st. — ^It  permits  of  a  bullet  being  used  of  a  la^er  diameter  than  the  bore,  by  which 
means  aasaiwsy  of  fit  is  secured,  and  the  materwl  of  the  bullet  is  forced  into  the 
grooves  of  the  bore. 

*  2nd. — ^Auy  ignited  matter  remaining  in  the  gun  after  firing  may  with  ease  and  cer- 
tainty be  removed,  or,  if  left  in  the  gun,  itwill  be  thrust  forward  firom  the  part  where 
its  presence  would  be  dangerous,  by  the  insertion  of  tlio  succeeding  bullet 

'  3rd. — ^In  the  arrangement  which  I  have  adopted,  the  perishable  part  of  the  gun, 
viz.  the  vent  and  its  vicinity,  is  comprised  in  the  moveable  breech-pece,  which  may  be 
easily  replaced  when  worn  or  otherwise  ii^ured. 

*  4th.^A  rified  gun  loaded  at  the  breech  maybe  more  rapidly  fired  than  a  rified  gun 
loaded  at  the  muole,  because  the  fouling  of  the  bore  presents  no  impediment  to  the 
insertion  of  the  bullet  when  introduced  fix)m  behind ;  but  as  compared  with  smooth 
bored  ordnance  of  the  ordinary  description,  there  is  probably  nothing  to  gain  in  poii  t 
of  quickness  of  firing. 

'The  gun  was  remarkably  free  from  tenden(7'  to  become  heated  by  firing,  a  fact 
which  can  only  be  explained  upon  the  supposition  that  the  heating  of  a  cannon  is 
occasioned,  not  by  the  contact  of  the  flame,  but  by  some  molecular  action  of  the 
metal,  produced  by  the  explosion,  and  more  efifectuaUy  resisted  by  wrought-iron  than 
by  cast-iron  or  bronze ;  but  possibly  the  compound  structure  of  this  gun  may  also 
operate  to  deaden  vibration,  and  prevent  the  evil  in  question. 

'  It  may,  perhaps,  be  objected  to  this  gun,  that  from  the  smallness  of  the  bore,  it 
cannot  be  applied  for  throwing  shells  as  well  as  solid  projectiles ;  but  the  foct  is, 
these  two  purposes  are  incompatible  with  each  other,  unless  both  be  imperfectly  at- 
tained, for  while  the  one  necessarily  requires  a  large  bore,  the  other  demands  a  small 
one ;  and  it  therefore  seems  preferable  to  have  separate  guns  specially  adapted  for 
each  application.  As  a  civilian,  I  speak  with  diffidence  upon  the  advantages  which  I 
believe  the  long  range  of  this  descnption  of  field-gun  will  affi>rd  in  its  militaiy  ap- 
plication ;  but  I  may  be  permitted  to  observe,  that  the  incident  which  chiefly  con- 
tributed to  direct  my  attention  to  this  subject  still  appears  to  famish  a  forcible  illus- 
tration of  its  importance.  I  allude  to  the  memorable  service  rendered  at  Inkermann, 
by  meems  of  two  18-pounders,  laboriously  dragged  from  the  batteries,  and  ultimately 
directed  with  great  ^lantry  and  success  against  the  Kussian  artillery,  at  a  distance 
from  which  the  numerous  but  lighter  guns  of  the  enemy  could  not  eflfectually  reply, 
Kow,  these  two  battery-guns  were  but  a  clumsy  substitute  for  light»  long-range  guns, 
which  would  have  rendered  the  same  important  service  with  more  promptitude  and 
ease,  and  could  have  operated  at  a  greater  distance  from  the  enemy's  fire.  It  is,  per- 
haps, chiefly  as  '  guns  of  position,'  commanding  important  points  at  great  but  as- 
certained distances,  that  these  rifled  guns  would  be  valuable,  because  long  range  can 
only  be  made  available  where  distance  can  be  determined,  which  it  cannot  easily  be 
in  the  rapid  operations  for  which  *  field-pieces  *  are  employed.  It  is,  therefore,  as 
adjuncts  to,  and  not  as  substitutes  for,  the  present  description  of  field  ordnance  that 
I  propose  the  adoption  of  these  guns ;  and  when  fully  brought  to  perfection,  I  believe 
they  will  furnish  a  most  important  addition  to  the  artillery  of  an  army. 

*  With  respect  to  the  construction  of  heavy  ordnance  by  the  process  of  twisting 
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WTOuglit-lioii  ban  Into  ejUnderii  and  oombining  them  in  the  manner  describ<^,  there 
appears  to  be  no  great  diflknilty  in  so  doing,  if  proper  appaiatns  be  provided  i<a  tho 
purpose.  It  would  not,  however,  be  adTisable  (except  in  peculiar  cases)  to  apply  the 
principle  of  loading  at  the  breech  except  to  guns  of  small  dimensions,  because  m  heavy 
ordnance  the  moveable  parta  would  become  too  cumbrous  to  be  conveniently  handled.' 

The  essential  features  of  the  Armstrong  method  of  construction  are : — 

1st,  The  disposal  of  the  fibre  of  the  metal  round  the  bore  by  coiling,  so  as  to 
resist  the  tangential  strain,  the  welds  running  in  the  direction  of  the  least  strain  as 
regards  their  separation. 

2nd«  The  employment  of  a  breech-piece,  to  support  the  bottom  of  tho  bore,  with 
the  fihro  running  lengthwise  so  as  to  resist  longitudinal  strain. 

3rd.  The  shrinking-on'  the  different  portions,  so  that  the  exterior  of  the  gun  takes 
a  due  share  of  the  strain.  Mr.  Whitworth's  method  of  building-up  is  as  follows : — 
*  The  tube  of  the  gun  is  made  taper,  being  in  the  5|-inch-bore  gun  1  inch  larger  in 
diameter  at  the  breech  end  than  at  the  muzsle  end ;  then  a  series  of  hoops  are  made, 
which  are  screwed  together  so  as  to  form  another  tube,  that  is  put  on  h^  hydraulic 
pressure ;  each  layer  is  put  on  a  little  tighter  than  the  succeeding  one.— Evidence 
Report  on  Ordnance. 

The  method  of  closing  the  bore  of  a  built-up  gon  is.  an  important  question.  The 
inner  tubes  of  some  of  the  large  M.  L.  ordnance  lately  constructed  in  the  Boyal  Gun 
Factories,  as  well  as  those  of  some  of  Blakely's  guns,  have  what  are  termed  closed 
ends,  that  is,  the  tube  is  not  bored  through  to  the  bottom ;  the  solid  end  of  the  tube 
in  service-guns  is  supported  by  a  cascable  screwed  into  the  breech-piece,  and  in 
some  of  them  also  bv  a  shoulder  in  the  breech-pieoe.  Sur  W.  Armstrong,  Mr.  Whit- 
worth,  and  Major  Palliser  use  open  tubes  and  dose  them  by  a  plug  of  wrought-iron 
or  copper.  The  cascable  in  the  Whitworth  gfuns  is  not,  like  Armstrong's,  cylin- 
drical in  form,  but  is  shaped  into  two  or  more  (screwed)  cylinders,  their  respective 
diameters  increasing  from  bore  to  breech* 

92 


^eeeh  o(  Annstronir't  lO*0-incb  gon.  Breeoh  of  Whltworlb'a  7-incb  gun. 

In  dosing  the  bore  of  a  H,  L.  or  B.  L.  gun,  one  important  prindple  should  not  be 
neglected,  vi&  that  as  the  gas  exerts  an  equal  force  in  every  direction,  the  thickness  of 
the  metal  should  be  as  great,  or  nearly  so,  behind  as  over  the  charge.  Inattention  to  this 
principle,  or  its  sacrifice  to  other  considerations,  is  a  source  of  weakness  in  many  B.  L. 
guns.  One  advantage  of  an  open  end  is,  that  the  metal  of  the  inner  tube  is  relieved 
to  some  extent  f^om  longitudinal  strain. 

The  relative  cost  of  large  ordnance  made  in  dif^nt  ways  was,  when  the  last 
edition  was  published,  as  follows : —  £ 

Cast-iron  guns      »        .        ,        ,        *        *      21  per  ton. 
Armstrong  built-up  ditto      .        ,        .        «    100      „       (lately  87/.) 
Krupp's  steel  ditto        .        ,',',',    170      „ 
Gun-metal  ditto   .       .        ,     *  .     *  ,     *  .    187      ,. 

and,  excepting  the  variation  due  to  the  jprice^of  the  metal,  itisontinuev  relatively  about 
the  same. 

Bronse  guns  are  valuable  for 'recasting.  Mr.  leaser  has  fntroduced  modifications, 
by  which  it  is  said'the  cost  of  built-up  oronanoe  wHl  be  muckreduced,  vis.  to  40/.  a  ton 
with  a  ooiled  inn^  tube,  and  to  66/.  a  ton  with  a  steel  tube.  M^.  Whitworth  told 
the  Committee  on  Ordnance  that  his  5i-inch  gun  weighing  4  tons,  and  made  of  homo- 
geneous metal  (soft  steel)  cost  700/.,  fhich  is  about  1 76/.  per  ton.  The  question  of  the 
Illative  a4v3||i)^gee  of  breech-  aA^mnff^o-loading  ordnance  haa  been  frequently  dis- 
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cnssed.  The  subject  appears  very  fairly  put  by  Mi^or  C.  H.  Owen,  FMfessor  of/ 
Artillery,  at  Woolwidi.  He  says: — 'Various  opimons  are  held  as  to  theirelatiTe 
advantages  of  breech-  and  muzzle-loading  ordnance,  but  the  latter  would  appear  to  be ; 
the  best  adajited  to  general  serrioe,  as  they  are  stronger  for  equal  weights  of  metal 
and  simpler  in  construction*  The  adyantages  of  loading  cannon  at  the  breech  are, . 
that  a  projectile  of  larger  diameter  than  the  bore  can  be  used,  and  its  axis  will-  con- 
sequently be  stable ;  that  the  gun  can  be  loaded  when  mn-up,  the  gunners  being 
therefore  less  exj^osed ;  that  the  gun  can  be  worked  in  a  smaller  space  (than  a  H«  L. 
piece) ;  the  clearing  of  the  bore  can  be  more  readily  effected,  ana  any  ignited  sub*, 
stance  left  in  the  bore  can  be  seen  and  removed ;  also  there  is  no  danger  of  Uie  shot  noc 
being  home.  This  plan,  however,  is  attended  with  the  following  msadvantages,  viz. 
that  the  construction  is  more  complicated  than  that  of  a  musale-loading  piece ;  that 
if  the  gun  be  of  large  calibre,  the  breech-loading  apparatus,  when  sufficiently  strong 
and  heavy,  will  be  unwieldy ;  and  that  with  the  same  weight  of  metal,  the  broech- 
loading  is  a  weaker  and  less  enduring  construction  than  the  muzzle-loading;  On  the 
other  hand,  a  muzsle-loadingffun  has  a  simpler  and  stronger  construction,  but  the  gun 
detachments  are  moreezposed  than  with  a  breech-loading  gun,  and  if  loaded  carelessly, 
the  shot  may  not  be  rammed  homej  in  which  case  the  metal  of  the  gun  may  be  fractured 
by  the  suddenly  condensed  gas.' 

On  the  Systems  of  Bifling,  Major  Owen,  B.  A.,  one  of  our  best  authorities,  writes : — 
*In  what  does  a  system  of  rifling  consist?  Essentially  in  the  method  of  giving 
the  rotatory  motion  to  the  projectile.  This  definition  will  not  satisfy  some  inventors, 
who  wish  to  claim  a  particular  iwUt  as  a  part  of  their  aystem  of  riJUng,  It  would, 
however,  be  quite  as  reasonable  to  claim  a  particular  charge.  The  TCtatotr  motion, 
as  you  all  know,  is  given  to  prevent  the  projectile  from  turning  over  in  flight ;  and 
the  velocity  of  rotation  required  d^ends  xifon  the  form,  length,  and  weight  of  the 
projectile,  no  matter  what  the  system  of  nfling  may  be ;  in  fact,  the  number  of  re- 
volutions made  by  a  shot  "length  of  twirt'  ^^  therefore,  with  the  same  chaige,  the 
same  twist  must  be  obviously  necessary.* 

*  A  twist,  like  a  chaige,  may  suit  a  particular  rifled  gun,  but  this  is  quite  another 
thing.  A  gaMM  twiMt  is  advantageous,  for,  b^  employing  it,  the  initial  strain  upon  the 
gun  is  reduced,  the  rotatory  motion  not  being  given  when  the  shot  is  set  in  motion,  but 
gradually  acquired  as  it  moveft  ,down  the  bore.  It  is  better  to  give  rather  more  twist 
than  is  required  imder  ordinary  circumstances  at  the  expense  ^  a  little  extra  strain ; 
for  should  tha  twist  be  merely  sufficient  to  impart  the  necessaiy  rotatory  motion  wiUi 
the  service-charffe,  the  velocity  of  rotation  wiU  probably  be  too  low  with  a  reduced 
charge  to  keep  ue  projectile  steady  in  fli|^t' ' 

The  diameter  of  the  bore  has  also  bee)^  often  mixed  up  with  the  system  of  rifling, 
^th  which  it  can  have  nothing  wliatever  to  do.  As  the  diameter  is  decreased,  so 
will  the  elongated  projectile  oppose  a  less  surface  (in  proportion  to  its  wei^t)  to  the 
resistance  of  the  air,  or  that  (k  the  substance  flred  at ;  but,  on  the  other  hwd,  it  will 
expose  a  less  area  to  the  force  of  the  gas,  and  will  therefore  have  a  lower  initial 
velocity ;  it  will  have  less  capacity  as  a  shell :  its  cartridge  must  be  elongated,  thereby 
throwing  the  strain  forward ;  the  amount  of  powder  that  can  be  usefully  employed 
will  be  less ;  and  if  the  length  of  the=  bore  be  not  increased,  the  expansion  of  tne  gas 
will  be  more  limited.  This  question  has  been  discussed,  and  should  be  thoroughly 
understood.  In  the  Table  below  the  loss  of  initial  velocity  by  decrease  in  the  size  of 
the  bore  is  clearly  shown : — 


Onlnanoe 

dUUlffO 

Prqjectilo 

Initial 
VekKd^ 

Weiglit 

DIaaeter 

• 
Britten's  (82-pounder  rifled)  .      •  ,      •  . 
Armstrong's  40-pounder      -  .     ■  .     •  . 
„         8-grooved  shunt .     •  .     •  . 

Whitworth's  70-pounder       • 

Armstiong's  70-ponnder        • 

Whitworth's  70-poiuider       •       « 

lb«. 
6 

... 

10 

••• 

lbs. 
50-36 
41-25 
68*40 

68-56 

74-60 

68*56 

inches 
6-24 
4-75 
6-4 

r5-5\ 

f  '^\ 

1.209 
1,197 
1,283 

1,132 

1,271 

1,199 

>  The  InitUlTelociej  is  vaiy  mile  affected  by  the  sritem  of  rifling. 

-"-^-wMjMitioykrfy  shewn  byths  inaoomvle  |ifMticscCtb»60(KyoB»dir,wlMii  flted  wilba 
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Mi.  Whitworth  ttid  id$  admirora  hare  constantly  asserted  that  his  small-bore  gires 
a  flatter  trtgectoiy  than  the  larger  bores  chosen  bj  Armstxong,  Britten,  and  others. 
This  is,  however,  not  the  case  under  all  drcnmstanees,  and  arose  partly  ftom  the  fbct 
of  the  Whitworth  guns  flrst  tried  being  fired  with  charges  of  ith  of  the  weight  of  the 
pEOJectale,  whereas  the  greater  number  of  other  rifled  guns  used  chaj^fes  of  only  }th  or 
x^th.  Mr.  Whitworth  is  quite  right  to  use  as  large  a  charge  as  he  can,  bnt  it  must  be 
taken  into  account  in  drawing  comparisons.  In  practice  from  two  rifled  guns  of  different 
calibres,  but  firing  projectiles  of 'the  skme  weight  with  equal  charges,  the  large  bore 
will  give  a  lowei^  trajectory ;  but'  as  the  projectile  with  the  smaller  diameter  is  less 
retarded,  its  trajectory  MriU  gradually  become  lower,  as  compared  with  the  other, 
until  beyond  a  certain  ran^  thb  smAM  Ix^  will  give  the  lower  trajectory.  Small 
bores  have  foundlittle  favoiir  on  the  Obntinent,  ahd  it  is  for  the  authorities  to  demand 
either  a  large  or  a  small  boi5»  as  <5rcunistanco8  may  require. 

The  following  eonditiona  are  recjuisite  in  any  rifled  gun  to  ensure  aooura^  of 
fire : — a  roCatorf  motion  must  be  given  to  the  projectile  round  an  axis  parallel  to, 
or  ooinddent  with,  that  of  the  bore ;  and  the  velocity  of  rotation  imparted  to  the 
prcgefltile  must  be  sniBeient  to  counteract  the  pressure  of  air  tending  to  turn  the  shot 
over  or  render  it  uilsteady  in  flight. 

Great  numbers  of  rifled  guns  with  projeetiles  to  correspond  have  been  proposed, 
but  most  of  the  systems  of  riflina  that  have  been  adopted  by  any  service,  or  tried  on 
the  ptactice-^roand,  mav  be  divided  into  the  following  classes : — 

(L)  Mussle-  or  breech-loading  guns,  having  projectiles  of  iron  fitting  the  peculiar 
form,  of  the  bore  mechanically.  • 

(2.)  ICuzile-loading  guns,  with  projectiles  hiving  soft-metal  studs  ot  ribs  to  fit  the 


(3.)  Muzzle-loading  guns,  with  projectiles  having  a  soft-metal  envelope,  coating,  or 
cup,  which  is  ezpandmi  by  the  gas  in  the  bore. 

(4.)  Breech-lciading  guns,  with  projectiles  having  a  soft-metal  coating  larger  in 
diameter  than  the  b(»e,  but  which  is  compressed  by  the  gas  to  the  form  of  the  bore. 

The  efl&cts  of  those  guns,  and  consequently  their  relative  values,  will  be  best  shown 
by  qztracting  from  the  *  Proceedings  of  the  Koyal  Artillery  Institution  *  some  of  the 
results  as  officially  stated  by  the  officera  in  charge  of  the  experiments.  The  more 
important  of  the  targets  have  been  selected,  as  representing  the  actual  conditions  of 
our  ships  at  the  time  (1866),  and  of  the  power  which  can  ho  brought  to  bear  upon 
the  armour-clad  ships  of  an  enemy. 

*  Warrior'  T^irgei, 

This  target  was  10  feet  by  12  feet,  conristed  oi  three  plates,  made  at  the  Park  Head 
forge,  all  4^  inches  thick,  and  varyii^  from  12  feet  by  3  feet  to  12  feet  by  8  feet 
4indies. 

Tfts  BorrfdUgwn  used  weighed  24  tons  3  qrs.  2  Ibs^  diameter  of  bare  18*014  inches, 
diameter  of  shot  12*8  inches.  It  was  first  fired  at  200  yards'  range,  with  a  solid 
cast-iron  shot»  weighing  279  Ibe.  and  a  charge  of  powder  74*40  lbs.,  which  gave  an 
initial  velocity  of  1,680  fbet,  reduced  at  40  yards  to  about  1,610  feet  per  second. 

The  shot  oomfdetely  pierced  the  target  through  and  through,  making  an  irregular 
hole  in  ibe  armour  2  feet  s^uare^  and  cracking  but  not  buckling  it. 

From  this  and  other  similar  experiments  it  a^eared  that  the  *  Warrior'  ship  at 
200  yards  would  be  completely  pierced  by  the  iforsfall  shot.  A  solid  shot  of  an- 
nealed east-iron  weighing  285  lbs.  was  fired  at  the  same  target  with  the  same  charge 
as  before,  firom  a  range  of  800  yards.  This  grazed  the  ground  17  yards  short,  and 
stmck  the  tamt  in  the  junction  of  two  plates,  breaking  a  laige  hole  about  2  feet 
square  through  the  armour,  and  burying  itself  in  the  timber  backing.  This  proves 
that  at  800  :^irds  the  real  *  Warrior '  would  be  severely  iigurod,  but  tlie  skin  would 
not  be  penetrated  by  an  individual  shot 

Mr.  Whitworth  made  a  series  of  experiments  to  prove  the  penetration  of  his  pro- 
jeetiles. Hie  shot  and  shell  were  fired  from  a  1 2-poundor  breech-loader,  a  70-pounder 
muzzle-loader,  and  a  120-pounder  muzzle-loader.  Most  of  the  shot  and  shell  pierced 
the  target ;  the  following  were  the  more  remaricable  results.  A  target  was  made  in  the 
form  of  a  box,  with  the  object  of  putting  to  the  test  Mr.  Whitworth's  boast  that  he 
could  drive  a  shell  through  the  side  of.  an  armourtdad  ship,  and  make  it  burst 
between  de^.  .  The  shell  fired  on  this  occasion,  with  an  initial  veloci^  of  1,276 
fe^  passed  completely  through  Jthe  4-inch  armour-plate  and  its  oak  backing  and  ex- 
ploded on  the  rear  side  of  the  box,  the  plate  of  iHiioh  was  indented  2^  inthee,  bursting 
the  box  and  blowing  all  six  sides  outimrds.       ... 

A  shell  of  homogeneous  metal,  weighing  127  lbs.,  with  a  bursting  charge  of  3  lbs. 
8  OS,  and  vSthoit  a  fiue,  was  fired  at  the  same  range  with  a.eha^go  of  25  lbs.  of 
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powder,  giying  a  terminal  velodtj  of  about  1,263  feet.    This  shell  vent  completelj 
throng  evez^^ng,  much  to  the  astonishment  of  evezy  one  ^present 

Some  experiments  were  made  on  the  *  Warrior  *  target  to  prove  the  effect  of  steel 
shell  fired  nom  a  18*8"  Armstrong  M.  L.  vrought-iron  shunt  nfled  gun  at  2,000  yards* 
range.  The  initial  velocity  of  the  shell,  with  61 1  lbs.  charge,  is  about  090  feet,  and 
the  striking  yelodty  040^. 

Mean  weight  of  shell  empty        .       •        •        585  lbs. 

Burster 24    „ 

Diameter  of  shell        .        .        .        «        •     13"24    „ 

^'^{ofAell         !        !        !        !        !     19-75 

Mean  recoil 6  feet  1  inch 

The  third  round  struck  about  10  yards  shorty  and  rieoohetted  on  to  centre  of  target, 
striking  centre  plate  4'  2"  fix)m  left  side ;  hole  in  plate  16"  x  18|",  centre  plate  started 
forward  6y  at  top  and  4|"  at  bottom  on  right  side,  and  8"  at  top,  and  0*6"  at  bottom 
on  left  side ;  11  armour-plate  bolts  started  in  centre  plate  and  one  in  bottom  pLste. 
Upper  plate  blown  off  and  lying  at  foot  of  target  in  front ;  all  the  bolts  (except  three) 
of  this  plate  broken  at  nut— the  three  being  drawn  bodily  out  of  the  plate ;  bottom 
of  upper  plate,  where  shell  entered,  indent^  1^"  in  leng&i  of  1  foot  At  the  back 
ragged  hole  4'  x  2^  8"  between  third  and  fourth  ribs  £com  right  side ;  two  ribs  broken 
and  forced  out,  second  rib  from  right  bulged,  ai^e-iron  cracked ;  skin  cracked  and 
opened  for  length  of  8'  below  hole.  Seventeen  armour-plate  holes,  twenty-one  rivets, 
and  thirteen  backing  bolts  broken.  A  great  many  splinters  of  iron,  timber,  bolt- 
heads,  &c^  on  raft.    Shell  on  platform  in  rear  of  target  broken  up  into  four  pieces. 

The 'BeUerophon^  Target. 

The  part  of  the  ship  which  was  tested  by  the  target  is  that  situated  between  the 
main  and  lower  decks,  and  not  in  the  line  of  ports,  the  object  being  to  test  the 
strenpith  of  the  general  side  of  the  ship.  Special  arzangements  are  made  to  strengthen 
the  side  in  the  vicinity  of  the  ports,  wnich  will  be  few  in  number,  as  the  <  Bellerophon ' 
carries  a  small  number  of  veiy  large  guns.  These  few  ports  are  strengthened  by 
the  introduction  of  additional  iron  to  an  extent  which  would  not  be  practicable  if  the 
number  of  ports  were  large. 


Each  firame  of  the  target  was  made  of  angle-iron  10"  x  8|"  x  ^",  and  two  anftle-irons 
8|"  X  8|"  X  I"  riveted  together ;  to  the  double  angle-irons  of  this  fnme  uie  skin, 
which  IS  composed  of  two  thicknesses  of}"  plating,  making  together  I|",  with  a 
layer  of  painted  canvas  between,  is  riveted.  On  the  outside  of  the  ddn-plating,  lour 
horizontal  angle-iron  stringers  are  attached,  two  under  the  upper  annour-pUto 
9|"  X  8|"  X  I",  the  broad  flange  being  square  to  the  skin,  and  not  reaching  out  to 
the  armiour  by  half  an  inch ;  the  other  two  are  placed  behind  the  lower  plate 
10"  X  8|"  X  4".  The  breadth  of  the  broader  flange  being  the  same  as  the  thickness  of 
the  baddng,  it  reaches  out  t4>,  and  comes  in  contact  with,  the  armour.  Wood  badung 
1 0"  tlttck,  is  woriLod  longitudinally  on  the  skin-plating  and  between  the  angle-stringers, 
bolted  with  nut  and  screw  bolts  through  the  skin-iSating.  The  armour  consists  of 
two  rolled  plates,  6-'  thick,  manufiicturod  at  the  HillwaU  worics,  weighing  upwards 
of  9  tons  each.  The  upper  armour-plate  is  bolted  with  bolts  2^"  diameter,  and  the 
lower  plate  with  bolts  ^"  diameter.  In  one  half  of  the  target,  divided  vertically,  the 
armour-bolts  have  elastic  washers,  and  are  denc^ed  on  single  nuts.  In  the  other  half 
the  bolts  have  common  washers  with  double  nuts,  and  bolts  not  clenched.  In  erect- 
ing the  taiget,  care  was  taken  to  support  it  behind  with  beam-ends,  te,  so  that  the 
acUial  condition  of  the  proposed  sMp's  side  might  be  approximated  to  as  clo«ely  as 
possible.  All  the  pcurtions  of  the  target  were  carefolly  weighed,  and  the  weight,  as 
repOTted  by  the  Aamiralty  overseer,  was  889  lbs.  per  square  foot. 

The  range  was  200  yaids,  and  the  shot  named  below  struck  the  taiget  The  most 
decided  effects  were,  however,  produced  by  the  guns  named  in  the  Table  on  the  next 
page:— 

lbs.  weight 

From  lO'd'^  Armstrong  rifled  gun  :— 

Spherical  cast-iron  soUd  shoti  MM .160 

y        steel  solid  shot,  one 1,66 

Cylindrical  cast-iron  sdid  shot,  one 808 

Ftom  Z'l"  Ordnance  Select  Committee  gun  :— 

Steel  sheU,  OJM ,        •       «       .119 

Fiom  7"  Whitworth  rifled  gun  :— 
.     Steel  shell,  one       «       «       ,       .  •       «       •      «    149 
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'^  '*  •  Ite* weight 

From  6i"  Whitworth  rifled  gun  >— 

Steel  shell,  &«« G9 

From  llO-ponnder  Armstrong  breech-loading  rifled  gan : — 

Solid  cast-iron  shot»/<wr 66^  each. 

From  68-poander  smooth-bore  gun : — 

Solid  cast-iron  shot,  iKttt 66^    „ 


Qrdnaiioe 


Wdfflitlnlbg. 
ofPr^iectUe 


of 

Pivjectito 


CbMge 
inltM. 


Benuurkf 


6*" 

Whjtworth 

gun. 


lO-S" 

Armstrong 

gnn. 


lOo" 

Armstrong 

gun. 


r 

AVhitworth 
rifled-gun. 


60 
Steel  shell 


150 
Solid  cast- 
iron  shot. 


CyUndrvcal. 

Bursting 

charge 

2  lbs.  6  oz. 


iSpherical, 
10*36  diam. 


308 
Solid  cast- 
iron  shot 


Cylindricd. 


149-5 
StedShdl 


C^dindrical, 

Bursting 

charge 

5  lbs*  8  OE. 

in  flannel 

bag. 


12 


35 


35 


27 


Struck  the  lower  ^late  8"  from  top  and 
5"  from  right  side,  on  a  bolt ;  nar- 
row crack  on  face  of  indent; 
armour-plate  bolt  driren  in  4-inch  ; 
nut  on  bolt  loose;  one  balk  of 
timber  in  backing  split  through. 

Struck  the  upper  plate  6"  &om  the 
lower  edge  on  a  bolt;  plate  cracked 
ftom  bolt  to  bottom ;  crack  9^  long 
on  face  of  indent;  crack  10"  long 
and  1"  wide  at  5"  from  drcuin- 
feronce  of  indent  on  right  side; 
also  two  small  cracks  from  bottom 
of  plate  at  5"  and  lO''  respectiTelj 
firam  left   side   of  arcumference ; 

{>late  driyen  in  3^  at  lower  edge  in 
ength  of  8' ;  phite  started  out  0*8^ 
at  top  on  left  side,  and  0*2^  from 

.  lower  plate.  At  the  back  a  through 
armour-plate  bolt  driren  out  2"; 
the  heaoB  of  two  backing-bolts  and 

'  one  rivdt  broken  bff;  one  baddnc 
bolt  driyen  out  H";  skin  bulged 
slightly  oyer  l&rea  1^  squaro. 

Struck  the  armour-plate  on  the  third 
bolt  from  the  right  side,  lower  row  ; 
plate  driTen  in  2*1"  at  bottom  in 

*  a  length  of  S';  tf  crack  18"  long 
through*  a  bolt  hole  at  ^  from  im- 
pact plate,  started  at  0*4''  £com  the 
backing  V  on  the  right  side  for  a 
length  of  2'  at  top.  At  the  back  one 
throng  armour-plate  bolt  driren 
out  2",  .the  heads  of  four  rivets  and 
one  bacidng-bolt  broken  off;  vertical 
frame-piece  cracked  through  and 
bent  out  slightly;  boun-knee 
crushed;  skin  slightly  bulged. 

Struck  lower  plate;  head  of  shell 
remained  in  nole ;  depth  to  nearest 
point  of  shell  9^  inches.  At  the 
back  of  the  skin  bulged  at  junction 
of  skin  plates,  bottom  plate  2"; 
upper  plate  1";  rib  bulged  out  2"  at 
2'  from  ground ;  two  deck-knees  se- 
parated from  angle-iron  0*3 ;  one 
armour-plate  bolt  and  three  back- 
ing-bolts broken;  burst  in  backing. 


*  Minotaur*  Target. 

The  armour  is  51  inches  thick,  the  thickness  of  the  teak  backing  is  reduced  from 
18  inches,  as  in  the  *  Warrior,*  tp  9  inches,  which  is  considered  as  equivalent  to  1  inch 
of  wrotaght-iron.    The  target  used  July  7t  1862,  constructed  on  those  principles,  pre* 


Digitized  by  VjOOQIC 


.246  ARTILLERY 

sented  a  front  of  three  armotir-plates,  one  made  by  Hessrs,  Brown*  of  Sheffield* 
another  by  the  Thames  Iron  Works,  and  the  third  by  Messrs.  Boale. 

The  guns  nsed  against  this  target  ^erethe  t2-tqir  Armstrong  mozzle-loading  gan, 
throwing  spherical  150-lb.  cast-iron,  and  162-lb.  -wronght-iron  shot,  with  50-lb.  charges 
of  powder,  the  former  having  an  initial  velocity  of  1,750  feet,  and  the  latter  of  about 
1,700  feet  per  second;  and  a  service  68-ponnder  throwing  67-lb*cast-,  and  71-lb. 
wroQght-iron  shot»  wiUi  16  lbs:  of  powder ;  the  cast  shot  having  an  initial  velocity 
oir  1,580  feet,  the  wrought-iron  about  1,580  feet  per  second;  all  at  200  yards*  range. 
The  first  150-lb.  cast  shot  struck  the  Thames  Iron  Company's  plate,  and  made  a 
hole  about  a  foot  square  through  the  armour,  and  bedded  itself  deep  in  the  teak.  The 
plate  was  buckled  considerably,  several  bolts  were  started,  two  ribs  cracked,  the  skin 
much  bulged  in,  four  bolts  were  broken,  and  a  number  of  rivets. 

The  second  150-lb.  shot  struck  the  Sheffield  plate,  made  a  hole  13  inches  by  13 
inches  in  the  armour,  and  sent  piecea  of  the  armour-i^te,  shot^  and  teak,  through  a 
laitte  irregular  hole  in  the  skin,  the  armour-plate  was  buckled,  three  bolts 'br^en, 
and  other  damage  done.  The  tidrd  150-lb.  shot  struck  Messra.  Beale's  plate,  and  did 
similar  injury.  These  were  the  more  important  of  the  trials  made  upon  this  armour, 
proving  that  the  powen  of  resistance  in  the  '  Minotaur '  were  inferior  to  those  of  the 
•Warrior.* 

The  'Lard  Warden*  Target. 

The  target,  20  feet  by  9  inches,  represented  the  ordinary  construction  of  a  wooden 
ship,  armour-plated,  with  the  addition  of  a  thick  iron  skin  worked  outside  of  the  frame- 
timbera  of  the  ship.  The  following  were  the  scantlings;  frame-timbon  moulded 
124  indies ;  iron  diagonal  xiden  connecting  the  firame-timbers,  6  inches  by  1  j-  inches : 
inner  planking  8  indies  thick ;  iron  skin,  1^  inches  thick ;  outside  planking  8)  inches 
thick ;  rolled  armour  plates  20  feet  x  4  feet  6  inches  x  4*5  inches  manufactured  by  the 
Millwall  Company.    The  guns  used  were  as  follows  («m  Table,  p.  247)  - 

Weight 
Tons   cwt.   qra.    Ibi. 
One  68-pounder  smooth-bore  muzde-loading  gun        •        .      0      95      0        0 
One  9*22  inches'  muzzle-loading  riilo  gun  1 1  feet  long,  6 

grooves 6      11      2      11 

One  9*22-inch  muzzle-loading  rifled  gun  1 3  feet  3  inches  long, 

6  grooves        .        .        .        , 12        2      2        0 

One  10'5-inch  muzzle-loading  rifle  gun  11  feet  7  inches  long, 

10  grooves 11       15      2        0 

One  7-indi  muzsle-loading  rifled  gun,  10  foot  9  inches  long, 
6  grooves       «.,•».        t        ..      6      13      3        0 

Some  eneriments  were  made  to  test  the  resistance  of  some  rolled  armour-plates 
made  by  Messrs.  John  Brown  and  Co.,  Sheffield. 
The  plates  were  of  the  following  dimensions : — 

One  18  feet  4|  inches,  by  3  feet  7    inches,  and  5)  inches  tliicL 
One  12    „    2}     „       „  3    „    7J      ^        *»   «l      »        •• 
One  11    „    9       „       „  3    H    84      „        „    7|      f»        » 

They  were  secured  by  2) -in.  screw-bolts  to  the  skin  and  frame  of  Mr.  Samuda's 
old  target ;  one-half  of  eadi  plate  had  a  backing  of  &t>m  7  inches  to  9  inches  of  teak, 
and  at  the  back  of  the  other  half,  it  was  left  hollow  for  an  equal  interval  between  the 
plates  and  the  skin.    India-rubber  washen  were  used  under  the  nuts. 

The  guuQ  in  position  for  trial  were : — 

One  300-pounder  Armstrong  muzzle-loading  shunt  gun. 

One  9-indi  Lvnall  Thomas  gun. 

One  7-inch  Whitworth  rifle  gun. 

One  110-pounder  Armstrong  breech-loader. 

One  68-ponndcr  service  95-cwt.  gun. 

All  were  flred  at  a  range  of  200  yards. 

The  first  three  shots  (all  cast-iron)  were  fired  firom  the  68-pound6r ;  one  shot  struck 
each  plate  and  made  indents  1)  inches  deep  in  the  6| -inch  and  7|-inch  plates,  and  2 
inches  deep  in  the  5)-inch  plate. . 

These  were  followed  by  three  shots  from  the  110-pounder,  also  of  cast-iron  ;  the 
indent  upon  the  5|-indi  plate  was  1*9  inch  deep,  that  upon  the  O^-in.  was  2*05  inches 
deep,  that  upon  the  7} -inch  was  1*65  inches  deep.  There  Iras  scarcely  any  otheir 
iflbct  visible. 
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Kstonot 
Ortauoe 

Fn^ectOm 

Cluufge 
in  lbs. 

1 
fiemarki 

Kfttore 

Wegtln 

WtrmtaaA 
Diunefeer 

10  ft  5  in. 
Armstrong 
rifled  gun. 

10  ft.  5  in. 
rifled  gnn. 

Steel 
BoUd 
Bhot. 

Steel 
solid 
shot. 

168*25 
301 

9pheHcal. 
10*48 

Culiftdneal. 
10-48 

60 
45 

Struck  upper  plate  10  ft  from 
bottom,  and  ^  6"  ficom  left 
side  on  a  bolt  penetrated  the 
armonr-plate,  making  a  hole 
in  plate  11-5"  X  11,  &pth  to 
snr&ce  of  shot  12",  plate 
driven  in  1'  S''  at  bottom ; 
much  damage  iras  done  at 
the  back ;  two  inner  timbers 
were  rent  and  splintered  and 
thrust  out  fragmente  pro- 
jecting about  1'.  Shot  re- 
mained in  hole  apparently 
whole. 

Struck  at  junction  of  plates 
6'10"  from  left  of  target; 
bolts  at  15",  18"  and  14" 
firom  hole  started  O'S",  0'7" 
and  0-4"  respectiTely ;  both 
plates  laminated  round  the 
circumference  of   the    hole, 

front  of  lower  plate  fh)m 
edge  of  hole.  At  the  back, 
iron  knee  broken  right  offj 
and  lower  limb  (4'  long  with 
three  bolts  in  it),  driven  50' 
to  the  rear.  Area  of  damage 
8'  x  4',  five  or  six  plank  bolts 
started  and  heads  off;  inner 
timbers  rent  in  fragments 
and  thrust  out  1'6";  large 
splinters  of  wood  scatterod 
all  around.  Shot  struck  a 
large  block  of  pranite  in 
rear,  and  broke  itself  into 
four  pieces. 

The  next  shot  was  from  the  Arnutouig  800-pounder,  with  a  cylindrical  steel  shot 
weighing  801  lbs.,  and  fired  with  a  45-lb.  charge  of  powder.  This  shot  had  a  velocity 
of  1,295  feet  per  second  at  30  yards  in  front  of  the  target  Aod  struck  the  7^-inch  plate 
whore  it  had  the  teak  backing.  The  indent  made  was  6*2  inches  deep,  and  its  diameter 
about  12  inches,  or  rather  a  circular  piece  of  this  diameter  was  driven  in  to  a  depth  of 

-  6'2  inches,  and  nearlv,  if  not  ouitd,  separated  from  the  plate,  which  was  of  very  goc^ 
quality.  There  is,  tnerefore,  here,  a  well-defined  measure  of  the  fiill  force  of  this 
shot  Besides  this  local  ef^ct  the  target  had  evidently  received  a  serious  shake ; 
one  rib  was  cracked  through  and  bent  out;  a  number  of  small  rivets  were  l»oken ; 
the  plate  struck  was  buckled  about  1^  inch  and  idightly  cracked.    The  shot  which 

'  zeboonded  from  the  target,  was  set  up  about  24  inches,  and  was  of  excellent  material. 
A  cylindrical  steel  shell,  with  a  cast-iron  head,  made  on  a  principle  designed  by 
Sir  William  Armstrong  fat  the  purpose  of  penetrating  iron  plates  by  directing  the 
fbioe  at  the  explosion  of  the  buntli^  charge  ./brmift^  was  next  fired  from  the  same 
gnaw  It  weighed  288  lbs.,  had  a  bursting  charge  of  11  lbs.,  and  was  fired  with  a 
charge  of  45  lbs.  of  powder,  which  gave  at  25  yards  in  fhmi  tiio  target  a  velocity  of 
1,320  feet  per  second.  It  struck  the  54-inch  plate  on  the  part  supported  by  the  teak 
backing.    It  completely  penetrated  the  armour-plate,  leaving  a  hole  about  14  inches 

•  in  diameter,  burst  in  tne  teak  backing,  tearing  away  the  inner  skin,  and  breaking  a 
lib|  and  ouried  a  shower  of  firagments  and  splinters  in  board.    The  teak  was  set  o>| 
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fire  by  the  explosion,  bat  eanljeztingoished;  one  bolt  vob  br6ken,  and  other  iigttries 
done. 

Altogether,  for  completenees  of  penetration  and  for  the  destmctiTo  efiects  which 
wonld  haye  been  produced  both  upon  the  ship  and  crew,  this  experiment  carries  with 
it  great  significanca 

After  this  a  cylindrical  flat-headed  homogeneous  metal  shell,  weighing  148  lbs., 
with  a  bursting  charge  of  5  lbs.  12  oc,  was  fired  from  the  Whitworth  7'inch  gun,  with 
a  charge  of  25  lbs.  of  powder,  which  gave  yelodty  at  80  yards  in  front  of  the  target 
of  1,265  feet  per  second.  This  shell  struck  the  5|-inch  plate  near  the  hole  made  by 
the  last  Armstrong  shell,  punched  out  a  dean-cut  hole  about  9  inches  in  ^Bameter, 
and  burst  in  the  teak  backing ;  beyond  blowing  out  tome  of  the  timber,  it  added  yery 
little  indeed  to  the  iiguir  done  by  the  Armstrong  shelL 

Lynall  Thomas's  9-inch  gun  next  missed  the  target  with  a  round-headed  solid  steel 
shot  weighing  827  lbs.,  fired  with  a  du^ge  of  50  lbs.  of  powjder,  which  at  546  feet 
from  the  gun,  gaye  a  yelocity  of  1,220  feet  per  second. 

The  same  gun  next  fired  a  wr6ught-iron  solid  flia^headed  sjiot,  weighing  302  lbs., 
with  a  charge  of  50  lbs.  of  powder.  The  yelocity  o^  this  shot  was  not  obtained  with 
certainty,  it  struck  partly  on  the  O^-inch  and  partly  on  th^  7i-inch  armour ;  the 
^[reatest  depth  of  ^impression  on  the  latter  plate  mk  6  inched,  and  on  the  former  4 
inches.  The  7)-inch  plate  was  cracked  th»>ugh  a  bolt-hole  and  round  the  indent 
as  was  also  the  6i-ineh  plate,  but  altogether  the  iigury  done  was  less  than  had  been 
expected. 

A  hardened  steel  shot  was  next  fiied  from  the  same  gun^  it  weis^ed  880  lbs.,  was 
round-headed,  was  fired  with  a  charge  of  50  lbs.  of  powder,  which  gaye  a  yelodty 
of  1,220  feet  per  second  at  25  yards  in  £cont  of  the  target.  It  struck  dose  to  the 
lower  edge  of  the  7i-inch  plate,  and  made  an  irregular  indentation,  measoring  about 
1  foot  by  1  foot  8  inches,  and  7  inches  deep ;  two  bolts  were  broken,  one  rib  broken 
through,  two  others  much  bent,  and  the  skin  bulged  in.  The  shot  itself  broke  in  half 
lengthways. 

After  this  the  300-pounder  Armstrong  shunt  gun  fired  a  epheiical  wrought-iron 
solid  shot,  weighing  163  lbs.  with  a  diarge  of  45  lbs.,  which  pt  80  yards  in  front  of 
the  tatget,  gaye  a  yelocity  of  1,680  feet  per  second.  It  struck  the  7^'inch  plate  where 
it  had  no  t^  baddng,  and  made  an  inaent  3}  indiss  dee^  and  18  inches  in  diameter, 
with  a  crack  on  the  fi!ee  of  the  indent;  the  plate  was  considerably  bulged  in ;  and  at 
the  back  it  showed  a  large  starred  crack.  The  shot  was  fiattened  out  to  a  diameter 
of  18  inches. 

The  material  of  which  these  atmour-plates  was  made  proyed  itself  to  be  of  uniform 
and  excellent  quality. 

The  practical  lessons  to  be  learnt  fh>m  such  expeiSments  seem  to  be  these : — 

1st.  That  guns  are  already  in  existence  which  can  completely  penetrate  with  shot 
the  best  7|-inch  armour  that  can  be  made,  and  which  can,  with  shell,  pierce  the  side 
of  a  ship  built,  as  to  frame,  much  more  strongly  than  our  best  ship^  and  protected 
with  our  best  5i-inch  armour. 

2nd.  That  iron  plates  can  now,  with  the  improyed  manufacture  of  the  country  and 
the  energy  brought  out  by  the  occasion,  be  made  of  dimensions  hitherto  quite  un- 
attainable, and  yet  without  losing  anything  in  quality. 

With  the  exception  of  America,  other  nations  haye  done  little  or  nothing  in  the 
manufacture  of  guns  throwing  projectiles  oyer  100  lbs.  in  wei^t.  Hie  Unit^  States 
also  boost  the  possession  of  two  huge  rifled  guns. 

1st,  an  8-inch  gun  •        •        •    175  lb.  projectile,  16  lbs.  charge. 
2nd,  a  10    „      „     •        •        ,250  lb.        „         25  lbs.       „ 

The  Table  (p.  249)  giyes  the  comparatiye  yalues  of  the  British  muzslo-loading 
built-up  ordnance  and  the  American  smooth-bore  ordnance. 

All  cast  hollow  except  the  10-inch  of  6*85  tons. 

All  shell-guns  except  10-inch  125-pounder. 

20-indi  gun  only,  at  present  oxpemnentaL 

Solid  shot  are  only  to  be  fired  from  the  15-inch  N.  S.  gun  at  iroA-dad  yessels,  oftd 
then  with  50  lbs. ;  20  rounds  may,  howeyer,  be  fired  with  60  lbs. 

The  S.  B.  guns  are  formidable  weapons,  although  they  are  merely  east-iron  ^shcfl- 
guns.  Our  guns  being  made  of  wrou^t-iron  will  not,  on  failure,  break  ub'  like  ca^ 
iron  or  sted  ordnance;  and  from  their  accuracy  of  fire,  the  capadty  of  their  shells, 
and  the  power  Uiese  latter  haye  of  maintaining  a  comparatiyely  high  yelodty  (in  con- 
sequence of  their  dongated  form)  the  British  are  in  all  probability  greatly  superior 
as  weapons  to  the  American  guns. 

Pro&ssor  Higor  Owen,  B.A.,  has  ably  dealt  with  the  following  important  question : 

*  One  of  the  most  important  questions  at  the  present  time  is  this :  are  monster  guis 
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Gas 

Prc^eetUe 

Naiora 

Welgki 

Ohaige 

Weight                     1 

Buster 

Ttos 

Ibe. 

lbs.  . 

Ibfl. 

BiFLBD  :— 

fSteelshot.        .        . 

608 

13*3"(«00-pouiider) 

23 

7 

<     «    aheU         ... 

.686. 

24 

tCast-iron  shell  .  .     . 

664. 

42| 

10*a"(300-pouiider) 

12 

36 

/Steel  shot .        ... 
t    „    sheU         .        . 
fSteelshot.        ..     . 

.301 

297 

.221. 

16 

0-2"       ... 

12 

44 

„    sheU         .  .     . 

.206. 

11 

. 

Cast-iron  shell  .  .     . 

.202. 

161 

rSteclshot.        ..     . 

100. 

7"L.S..        .        . 

7 

26 

<  CaBt-iion  shot  • 

100 

.    »      „    aheU.        . 

93 

71 

r  N.  S.        .       . 

61 

26 

Ditto. 

64-poiiDdor    . 

31 

8 

rCast-iron  shot  . 
1    «     f    SheU.        . 

631 
60 

*i 

SXOOTH-BOBB  :— 

r  40  ^ 

fSteelshot. 

168 

150-pantader  . 

12 

\    3^    \ 

I  Gast-iion  shot  . 

160 

61 

120  J 

t    if     M    shell  . 

104 

26  1 

r  Steel  shot 

lOO-poundcr  . 

6 

20    \ 

{  Cast-iron  shot  . 

04 

I    12  J 

I    „     „    shell.        . 

66 

Smooik'Sore  (kut-Lnm  Ammoan  Ordnance, 


Gan 

Weight  of 

Oharge 

'^- 

Weight  of 

Bonttog 
Chitrgeof 

Ottn 

Serrke 

IfiniiDiiiii 

Shell 

SheU 

TbiM 

UMt 

lbs* 

Ita. 

Ibt. 

Ibe. 

20-in.L.S.    .        . 

61'42 

100 

.•• 

1,000 

„     N.S.    .        • 

44*64 

100 

••• 

1.000 

16-in.  L.S.    . 

21'91 

60 

... 

440 

330 

17 

„     N.S.    ^ 

18«76 

86 

60 

400 

13-in.  L.S.    . 

14-61 

30 

••• 

300 

224 

7 

„     N.S.    . 

16-07 

40 

••« 

280 

224 

11-in.N.S.    • 

714 

16 

20 

170 

130 

10-in.  L.S.    . 

6-72 

r  16  sheU  > 
\  18  shot  / 

172J 

100 

3 

„     N.S.    .        . 

6-36 

12J 

16 

126 

100 

„     N.S.    .       \ 
(orl26.iKmnder)/ 

7-36 

40 

... 

126 

100     . 

required  ?  Opinions  ^re  divided ;  bat  let  us  turn  to  facts,  and  see  what  has  been  done 
,  I  haye  endeaTouzed  in  the  following  Table  (^  260)  4o  arrange  some  of  the  leading 

facts  in  order,  so  as  to  give  an  idea  (necessarily  a  rough  one)  of  the  projectiles  and 
.  charges  nec^ssaiy  to  actuallj  penetrate  certain  structures  at  different  rsinges.  I  hate 
',  not  chosen  the  targets  in  preference  to  any  others,  but  simplr  beHering  that  they 

represent  the  ayerage  resistance  ofoed  bj  sea-going  vessels,  and  also  fpr  ponvemonce 

of  companson. .        .  . 
'It  appears  then,  firom  what  has  been  already  acoomi^hed,  that  there  is  at  present 

no  occasion  to  employ  monster  ordnance  for  the  aestmction  of  ordinary  ^ated 

vessels. 
'     *  The  guns  we  are  now  making,  which  will  throw  prcjectalee  of  200  or  300  lbs.  weight 

with  charges  of  46  lbs.  are,  if  properly  used,  whldi  no  doubt  thev  will  be,  quite 

sufficient  for  the  purpose.    Further  than  this,  howerer,  it  is  probable  that  few  iroi^- 
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Targa  Penetrated  by  Bteel  Elongated  Prafeotiles. 


Bange 

Weight  of 

Piojectiltt 

Ohaige 

Tugot 

gun 

Nature 

Diameter 

Yards 

0Wt6« 

Ibt. 

in. 

lbs. 

200      . 

8 

12  shot 

3 

IJ 

24"  iron  plate. 

If        •         •         • 

»» 

12  BheU 

i» 

If 

2J"  iron  plate  and 
12" -wood  backing. 

»>        •         •         • 

81 

11«  shot 

7 

12 

6\  iron  plate. 

f»        •         •         • 

134 

104    „ 

tt 

25 

Warrior. 

600      ..        , 

148 

tODB 

130    „ 

6-4 

25 

9$ 

800     .        . 

130    „ 

.  .    It 

27 

»» 

1,600  >    . 

12 

221    „ 

9-2 

44   • 

Small  plate.' 

»t        •         •         • 

>i 

301    ,i 

10-6 

45 

»i        »» 

2,000      • 

22 

610  BheU 

13 

70 

Warrior. 

pintod  sea-going  vessels  (now  afloat)  conld  withstand  the  fire  of  our  rifled  7"  gnus  of 
130  cwt,  fired  with  25-lb8«  charges,  at  800  or  even  1,000  yaiils'  range ;  *  for  we  must 
remember  that  in  actual  warfare,  yesse^s  are  constantly  subjected  to  a  continual  fire, 
and  not  merely  a  few  blows  deliyered  at  certain  intervals  of  time ;  and  that  a  structure 
may  thus  be  kept  in  a  constant  state  of  vibration  by  the  repeated  impacts  of  shots, 
and  will  ofibr  less  resistance  than  when  time  is  allowed  between  the  rounds,  for  the 
metal  of  the  armour'  to  resume  its  former  condition  of  repose.  We  should  also 
remember  that  the  few  plates  upon  which  experiments  are  usually  made,  are  in  all 
probability  of  sounder  constructioii  than  Ihose  produced  in  quantities  for  the  plating 
of  several  vessels ;  also  that  when  a  ship  has  been  for  some  time  at  sea,  and  may  in 
addition  have  been  in' action,  the  armour  (bolt-{>lates  and  fetstenings)  will  have  been 
subjected  to  many  shocks  and  strains,  and  will,  therefore,  have  been  considerably 
weaJcened.' 

One  of  the  most  extraordinary  of  these  laige  guns  is  the  soK^lled  <  Woolwich  In- 
FAKT,'  which  has  boon  recently  (1873)  severely  iijured  by  the  heavy  charges  which 
have  been  fired  from  it  The  report  of  the  Inspector  of  Ordnance  upon  the  state  of 
the  interior  of  the  first  35-ton  muzzle-looding  rifled  gun  built  for  the  '  Devastation,* 
after  38  horisontal  discharges  from  its  12-inch  bore,  is  illustrated  by  the  accompanying 

94 


diagram,  in  which  a  section  of  the  inner  portion  is  shown  to  scale,  a  i.s  the  inner  end  of 
the  bore,  where  the  maximum  pressure,  varying  from  20  to  66  tons  per  square  inch 
from  identical  powder-charges,  was  registered  by  crushing  gauge,  b  is  the  vent,  where 
the  lowest  pressures  in' the  chamber  were  generally  registered,  c  shows  the  base  of 
the  shot  six  inches  in  advance  of  its  seat,  where  it  experienced  the  greatest  raossure, 
varying  £rom  18  to  53  tons  per  square  inch  from  similar  powder-charges.  The  posi- 
tions'of  the  700-lb8.  shot  are  shown  with  120-lb8.  powder-charge,  1st,  in  its  seat; 
2nd,  registering  the  greatest  pressure ;  and,  3rd,  with  the  rear-stads  coming  into 

*  Ascertained  for  this  range  by  ndng  a  30-lb8.  charge  at  200  yards. 

"  Mincbesof  iron  apd  27  inches  of  wood;  the  wood  and  irpn  •not  disposed  In  such  an  adTsntageons 
tunnier  for  xesistanoe  as  in  the  <  Warrior '  target. 

*  Ascertained  for  this  raage  hsr  nsing  a  8«-lbs.  eluqpe  at  200  yaids. 

*  The  resalt  of  a  recent  experiment  shows 'that  a  structure  sQch  as  the  "Warrior  "can  be  penetrated 
at  200  yards' range  with  elongated  shot,  iMid  shot  cast  iqohiU  when  the  form  of  the Jatter  is  elllptictt]. 
Bred  fkom  a  7-!nofa  rifled  gtm  with  ^  chiuves; '  and  the  retJbrt  adds,  <  but  it  is  probable  Chat  had  the 
r>ineh  steel  shot  been  dMptical-headed,  instead  U  hemiqihericaMMadsd,  peoeMion  wonld  also  te 
fflseted  at  the  longer  range  (1^  yards.) ' 
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*driTing '  bearing  dglit  indies  ia  advance  of  their  aeat.  This  latter  pc^tooneflpondft 
iieariy  "with  that  at  whidi  the  front-etads  hammer  at  starting.  With  shoiter  powder- 
charges  these  sereral  positions  of  the  shot  would  be  nearer  the  chamber. 

The  longitodinal  positions  of  the  fbnr  cracks,  foor  fissures,  and  the  deep  roughness 
or  erosiea  caused  by  the  escaping  gases,  are  shown  bj  dark  lines ;  thatof  the  greatest 
enlargement  of  the  bore  bj  dark  shading,  at  d  ;  those  of  the  bum  on  the  edges  of  the 
groores  are  not  stated  in  the  oflidal  report.  The  nature  of  these  injuries  would  be 
hardlj  TisiMe  on  so  small  a  scale,  and  the  yertical  positions  could  not  be  shown  in  a 
section.  Two  of  the  cracks  were  on  the  lower  side  of  the  bore,  all  the  other  ii^uries 
on  the  upper  side,  and  their  centres  were  84  to  4  feet  from  a,  where  the  greatest 
powder-pressure  occurred,  but  coincided  with  the  point  where  the  ftont-stads  hammer 
and  the  rear-studs  come  into  *  driring '  bearing.  The  gun  is  being  rebuilt,  at  a  cost 
of  about  700^  or  800(. 

In  detidl,  the  drawing  shows  the  following  effects : — Four  cracks,  aa,  164  inehes 
lon^,  centre  44^  inches  from  the  rear  end  of  the  bore  at  a  ;  M,  3  indies  long,  centre 
47  inches  from  1 ;  ee,6\  inches  long,  centre  46  inches  from  a  ;  i2i,  5|  inches  long, 
centre  48f  inches  fzom  a  ;  four  fissures,  «,  1}  inches  long,  centre  40}  inches  from  a  ; 
/,  14  inches  long,  centre  42}  inches  from  a;  ^,  2}  inches  long,  centre  44}  indies  from 
a;  I,  2  inches  long,  centre  48^  inches  from  a  ;  rr,  a  roughness  extending  from  1  inch 
in  front  of  the  seat  of  the  shot  (28|  inches  from  a),  to  06  inches  from  a  ;  x,  bum,  of 
which  the  position  is  not  spedfied,  but  approzimatelj  about  60  to  62  inches  from  a. 
The  powder-pressure  is  rehered  at  c,  93\  indies  from  a  (6  indies  in  front  of  seat  of 
shot) ;  the  greatest  enlargement  of  the  bore  is  at  d,  42  indies  from  a  (14^  inches  in 
front  of  seat  of  shot^ ;  the  hammering  of  front-stud  is  located  16^  inches  away  from 
seat  of  shot,  at  48}  inches  from  a  ;  ajod  the  rear-studs  come  into  driving  contact  ]  of 
an  inch  further  on. 

In  the  'Fhilosoi^cal  Magazine,'  Captain  Noble,  of  the  Elswick  Works,  published 
an  elaborate  paper  on  the  influence  of  the  spiral  in  rifled  ordnance.  The  following 
abstract  of  that  paper,  freed  from  its  mathematical  formula,  with  the  critical  re- 
marks, is  from  an  experienced  hand* 

*£Terj  one  is  aware  that  elongated  rifled  projeetiles  are  the  subjects  of  two  prin- 
dpal  motions  during  their  exit  from  the  mxre,  vis.,  a  motion  of  translation  and  a 
motion  of  rotation.  If  the  rotation  be  eiBdently  accomplished,  no  other  considerable 
motion  ought  to  take  place.  But  if  unmechanical  devices  be  resorted  to  for  the  pur- 
pose ci  eflScting  the  reroludon  of  the  elongated  prqjectile,  other  undesirable  move- 
ments are  set  up  within  the  gun.  However,  unoer  any^  sound  mechanical  arrange- 
ment for  suTOOTting  and  rotating  heavy  elongated  projectiles,  it  is  aa  ascertained 
experimental  fact,  that  the  force  necessary  to  impart  rotation  is  only  a  small  fraction 
of  that  required  to  give  a  high  velodty  of  translation.  Henco  it  follows,  both  in 
theory,  and  as  an  ascertains  experimental  fact,  that  Uie  increment  of  gaseous 
pressure  due  to  rifKng  is  quite  insignificant.  It  is  with  this  small  fraction  of  expul- 
sive fofoe,  and  this  insignificant  increment  of  gaseous  pressure,  that  Captain  Noble 
deals  in  his  very  neat  mathematical  investagation.  He  takes  two  utteriy  unmechanical 
systems  of  rotating  heavy  jprojectilos — one  with  an  uniform  angle  of  spiral,  and  the 
other  with  an  ever-changing  auffle — both  empkpring  studs,  and  he  vidds  the  un- 
mechanical precedence  to  the  stud  acting  in  an  uniform  spiral.  Whether  this  be  so 
or  not,  is  a  philosophical  question  whidi  appears  to  us  to  have  been  decided  by  Captain 
Noble  on  erroneous  data.  Still,  the  formulas  adduced  will  strike  mathematicians  as 
particularly  neat ;  and,  if  they  leave  out  of  si^t  the  whole  of  the  practical  objections 
to  the  increasing  sfnral,  these  formulas  cannot  fail  to  form  most  instructive  beacons  to 
all  mathematical  artillerists. 

*  Captain  Noble  assumes  that  the  action  of  studs  within  their  grooves  is  uniform  in 
all  the  grooves.  Now  this  cannot  be,  unless  the  nujor  axis  of  the  projectile  coinddes 
with  that  of  the  gun  throughout  the  whole  of  its  transit  He  also  assumes  that, 
previous  to  starting,  the  studs  are  all  in  "driving"  bearing,  and  at  equal  depths  in 
their  several  grooves ;  whereas  the  lower  studs,  on  which  the  shot  rests,  and  which 
are  the  only  points  in  contact  with  the  bore,  are  then  touching  the  *' loading"  side  of 
their  groove,  and  all  the  other  studs  are  more  or  lees  on  the  same,  or  "  on**  side  of 
thdr  grooves,  Beforo  they  can  come  into  "  driving "  bearing,  the  shot  must  move 
forward,  sUghtly  in  the  case  of  the  uniform  spiral,  and  about  six  or  eight  inches  in 
the  parabolfe  noove.  In  the  former  case,  the  so-called  **  pressure  "  is  a  succesdon  of 
H^ht  blows  all  round  the  boro ;  and  in  the  latter,  the  shot  havi^  attained  about  one- 
third  of  its  velod^,  it  is  a  succession  of  very  heavy  blows.  Now  these  succesdve 
blows  are  concentrated  on  one-inch  points  of  each  groove,  and,  constantly  recurring 
upon  the  same  spot,  produce  slight  enlargements  and  roughnesses,  which  prevent  the 
smooth  stud  slipping  away  eadly.  The  tendency  of  the  shot*s  momentum,  acting  on 
'a  dide  of  points  near  the  centre  of  gravity  and  cdP  figure,  is  to  exert  ao  ethti  of  rot»* 
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tion  roand  those  points,  or,  in  other  words,  round  the  minor  axis.  Tbns  several  oe- 
cillating  motions  are  set  np,  the  force  of  which  varies  with  theamoont  of  the  obstacle 
and  the  suddenness  of  the  force  applied ;  ije,,  with  the  amount  and  nature  of  Uie 
powder-charge.  Moreover,  in  the  case  of  the  increasing  spiral,  further  mechanical 
forces  are  brought  into  operation  at  the  muzsle,  which  have  escaped  Captain  Noble's 
investigation.  An  ever-changing  angle  of  groove  cannot  be  oonfonned  to  dj  a  constant 
angle  of  shot,  any  more  than  a  male  screw  of  one  pitch  can  work  into  a  female  screw 
of  a  different  pitch.  To  meet  this  obvious  mechanical  difficulty,  only  one  ^d,  one 
inch  long,  bears  in  each  groove  all  along  the  bore ;  but  when  within  twelve  inches 
of  the  muzzle,  an  angle  of  twist  is  reached  which  coincides  with  the  angle  formed  by 
'  the  firont  and  rear  studs  on  the  shot.  Kow  as  this  is  the  spot  where  most  of  the 
'**  increasing  spiral  ^  guns  give  wav,  a. mathematical  examination  of  the  forces  brought 
into  play  near  the  muzzle  would  be  draught  with  much  interest  3ut  these  and 
other  mechanical  inquiries  find  noplace  in  Captain  Noble's  formula.  He  assumes 
that  the  original  action  on  the  stud  is  a  pressure,  not  a  blow,  and  that  this  prpssuce 
•  follows  a  uniform  law  throughout  the  gun.  Qranting  this  singular  hypothesis,  the 
conclusions  are  rather  of  a  p>hilosophical  than  practical  character,  dealingi  as  we  have 
said,  with  but  a  small  fraction  of  the  force  of  translation,  and  a  quite  insignificant 
increment  of  gaseous  pressure.  Bul^ect  to  those  dedocUons,  his  conclusions  are  worthy 
of  note. 

*  Captain  Noble  -ednees  from  his  formulas  what  is,  we  doubt  not,  the  fact,  that  in  a 
uniform  twist  the  pressure  on  the  studs  is  a  constant  fraction  of-  the  pressure  of  the 
base  of  Uie  shot,  tne  value  of  the  fraction  depending  on  the  angles  of  the  rifiing. 
The  tension  of  the  powder-gases  at  the  muzzle  being  very  small  when  compared  wiui 
their  tension  at  the  seat  of  the  shot,  the  studs  have,  on  the  uniform  system,  scarcely 
any  work  to  do  at  the  muzzle,  while  they  may  be  severely  strained  at  the  commence- 
ment of  motion.  He  estimates  the  pressure  on  the  studs  due  to  rifling  as,  in  this 
ease,  about  2^  per  cent,  of  that  required  to  impart  translation  to  a  400-lb.  shot  in  the 
10-inch  18-ton  gun,  or  about  68|  tons'  pressure  when  it  has  moved  four  inches, 
and  9  tons  at  the  muzzle ;  whereas  the  substitution  of  the  parabolic  curves  for 
the  unifbrm  angle  of  epiral,  according  to  Captain  Noble's  formulas,  reduces  this 
pressure  one-half,  so  that  when  the  etiS  has  moved  four  inches  (•:«.,  before  ii  touches 
at  aUontke ** driving"  side)^  it  sustains  81*2  tons'  pressure,  gradually  rising  to  36 
tons  at  the  muzzle  I 

<  As  Sir  William  Armstrong  certifies  that  *'  the  maximum  pressure  "  (in  the  powder- 
chamber^  **  causes  the  fiailure  of  the  stud,"  the  difference  of  powder-pressure  arising 
from  a  cnange  of  spiral  is  noteworthy.  Cietptain  Noble  tells  us  that,  small  as  the  in- 
crement in  gaseous  nvessure  due  to  rifling  is,  it  is  still  less  in  the  parabolic  t^n  in  the 
uniform  spiral.  Whereas  the  maximum  bursting  pressure  is  reduced  from  10*7  tons 
per  square  inch  to  10*5  tons  per  square  inch,  by  suppressing  the  rifling  altogether  in 
the  case  of  uniform  s|nrals,  the  decrement  of  pressure  due  to  the  suppression  of  the 
•parabolic  rifling  is  a  reduction  from  19*7  tons  to  19*62  tons  per  square  inch.  The 
'  gain  then,  to  the  powder-chamber,  ^m  the  employment  of  the  increasing  spiral,  is 
*12  of  a  ton  per  square  inch.  We  commend  this  pmlosophical  fraction  to  our  artillery 
philosophers,  and  would  make  Uiem  a  present  of  this  mathematical  advantage.  When, 
nowever,  we  turn  to  the  Tables  of  Pressures^  registered  b^  the  Committee  on  Explo- 
sives in  the  10-inch  15-ton,  which  is  the  subject  of  Captain  Noble's  learned  investi- 
gation, we  are  rather  puzzled  to  which,  of  the  pressures  we  are  to  apply  the  *1 2  of  a 
ton.  We  find  similar  powder-charges  fired  under  identical  conditions  producing  most 
unlike  results.  We  find  these  anomalous  pressures  with  every  description  of  powder ; 
and  we  observe  that  the  gun  has  this  parabolic  system  of  rifiing,  with  its  consequent 
fitud  agency.  YoU  with  these  great  philosophical  advantages,  the  powder-pressures 
registered  m  the  10-inch  gun,  with  87i  lbs.  P.  charges  and  400-lbs.  shot,  varied  from 
25  tons  on  the  Muare'inch  to  63*4  tona,  the  lattor^xpulsive  force  resulting,  in  the  least 
velocity  and  striking  force  in  the  prqjeetile.  Again  60  lbs.  H.L.Q.  diarges  registered 
powder-pressures  varying  from  36*5  tons  to  57*8  tons  on  the  square  inch,  under 
.identical  conditions,  the  highest  expulsive  force  imparting  the  lowest  velocity  to  the 
'  projectile*  Yet  it  is  on  the  register  of  pressures  within  this  gun  that  Captain  Noble's 
calculations  are  based ;  true,  he  does  not  select  any  of  the  above  figures  for  his 
formulas,  but  on  the  pressures  roistered  with  85  lbs.  P.  charge,  which  happened  to  be 
1 0*7  tons  on  the  square  inch.  But,  if  a  selection  must  be  made  Iratwoen  pressures  varying 
from  10*7  tons  to  63*4  tons  on  the  square  inch,  it  might  be  quite  as  well  to  close  the 
Beport  of  the  Committee  on  Explosives,  and  assume  any  number  of  tons  at  haphazard. 
*  Captain  Noble  has  shown  a  mathematical  gain  of  *1 2  of  a  ton  pressure  on  the  square 
inch  by  the  adoption  of  the  parabolic  or  increaring  spiral.  What  if  the  greater  part 
.'of  this  astounding  variation  of  pressure  from  19*7  to  63*4  tons  on  the  square  inch  was 
^ftttnbutable  to  t&  parabolic  curve,  or,  to  speak  more  aocuratrly,  to  the  stud  system 
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▼bieb  that  enrre  neoetsitates  ?  That  gunpowder  Tariee  in  exnlosiTe  power  in  this 
way  in  mines,  shells,  or  torpedoes,  or  anywhere,  except  in  a  stnd-xifled  gnn,  is  stoutly 
demed.  If  the  yariaUon  of  powder-preesuree  be  not  due  to  tJie  gunpowder  it  must 
be  due  to  the  shot;  and  if  to  the  shoC  then  to  the  oeoillations  of  the  axis  round  the 
points  of  contact  with  the  bore,  which  are  ezdusiTely  the  studs ;  but  the  studs  are  a 
necessity  of  the  increasing  spiral  or  parabolic  groove.  Hence  it  appears,  that,  while 
saTing  *12  of  a  ton  prerame  on  the  square  inch;  by  employing  this  most  unmechanical 
contrrranee,  we  are  adding  at  least  4  tons,  and,  jnobably,  more,  pressure  occasionally 
to  the  gun.  These  are  tl^  deductions  which  we  draw  ^m  Captain  Noble's  formulas,^ 
and  frrai  the  Beport  of  the  Committee  on  EzplosiTes.'— /rofi. 

After  the  siege  of  Paris  inquiries  and  experiments  were  made  in  all  directions  into 
the  relatiTe  qualities  of  bronze  and  steel  for  cannon ;  amongst  the  metals  tried  was 
phosphorised  bronze,  of  which  MBl  Honteflore,  Jjhj  and  tinsel  claimed  to  be  the 
inyentors.  This  daim  is  now  refuted,  and  it  appears  that  sixteen  years  ago  the  yeiy 
same  alloy  was  introduced  to  the  French  artillery  hj  two  officers,  MM.  do  Koulz  and 
A.  de  Fontenay.  In  the  years  1870  and  1871  a  series  of  experiments  were  made  at 
Li&ge,  in  presence  of  a  commission  of  artillery  officers  of  all  nations,  and  the  results 
were  described  in  a  pamphlet  by  M.  Jjdvy,  as  highly  favourable  to  the  alloy  in  question. 
It  is  stated  in  that  work,  that  an  ordinary  bronze  gun  founded  at  Li^,  having  been 
ilred  f<nty-nine  times  with  a  chuge  of  one  kilogramme  of  powder  and  a  shot,  was  so 
seriouslvii\jured  that  it  was  impossible  to  continue  the  experiments  with  it,  while  another 
gun  of  the  same  calibre(4)made  of  the  new  phosphorised  bronze,  and  fired  with  the  same 
charge,  and  the  same  number  of  times,  exhibited  no  sensible  injury  whatever.  Fur- 
ther comparative  trials  with  bursting  charges  gave  results  sqmQly  &vourable  to  the 
new  metal.  In  this  case,  guns  of  esidi  kind  were  fired  under  the  same  auditions,  five 
times  each,  commencing  with  one  kilogramme  of  powder  and  a  single  shot,  and  carried 
as  hig^  as  1}  kilpgranunee,  with  a  cylinder  of  the  weight  of  3  shot,  with  one  charge 
of  1^  kilogrammes  of  powder,  and  2  shot,  and  still  more  so  with  the  same  amount  of 
powder,  and  a  cylinder  equal  to  8  shot  The  interior  of  the  chamber  of  both  guns 
Iras  visibly  enlarged,  but  rather  more  so  in  the  case  of  the  old  than  of  the  new  metal 
gun.  finally,  the  phosphorised  bronze  gun  burst  with  a  charge  of  1)  kilograxnmes  of 
powder,  and  a  cylinder  of  equal  weight.  These  experiments  seemed  condusive,  but 
the  French  Government  ordered  further  trials  to  be  made  at  Bourges  and  other  placeb 
by  aoommission  of  artillery  officers,  with  bronze  guns  of  various  alloys,  and  of  foreign 
as  weU  as  French  m^e.  The  results  as  between  ordinaiy  and  phosphorised  bronze 
are  very  difierent  from  those  obtained  at  Li^. 

The  projectiles  used  at  Bouiges  were  long  solid  shot,  weighing  from  10  kilogrammes 
to  20  kilogrammes  for  guns  of  4,  with  charges  of  powder  ranging  from  the  ordinary* 
quantity  to  1,700  grammes,  the  bursting  charge.  With  a  diarge  of  1,150  grammes, 
and  a  1 0-kilogiamme  shot,  the  phoephonsed  bronze  gun  began  to  show  cradu,  while  the 
ordinary  gi^  exhibited  no  serious  inixay  whatever.  The  experiments  were  after- 
wards continued  with  ftdl  charges  of  powder  and  20-kilogrammee  projectiles :  at  the 
seventeenth  or  eighteenth  firing  the  phosphorised  bronze  gun  burst,  and  produced  a 
number  of  small  fragments,  without  any  appearance  of  enlargement  of  tne  circum- 
ference. At  the  nineteenth  round,  the  ordinary  bronze-metal  gun  also  burst,  nearlv  half 
the  piece  being  blown  off  in  one  mass,  which,  as  well  as  the  rest  of  the  gun,  exhibited 
expansion  of  the  metal  with  longitudinal  fissures.  The  condusion  the  Oonmussion 
arrived  at,  after  these  absolutely  confiicting  results,  was,  that  the  ordinary  bronze  used 
for  guns  exhibits  at  least  as  much  resisting  power  as  phosphorised  bronze,  and  is  in* 
comparably  more  malleable  and  less  brittle. 

iHhbtja — ^The  hollow  explosive  projectiles  that  we  call  shells,  or  bombs,  are  a  very 
old  invention.  Under  the  name  of '  coininges,'  they  consisted  of  ruddy  formed  globes 
of  plate-iron  soldered  together,  filled  with  gunpowder  and  all  sorts  of  misoellaneous 
'mitzaille.'  These  were  thrown  to  short  distances  both  f^um  'pierriers'  (a  sort  of 
mortar)  and  from  catapults,  as  early  as  1495  at  Naples,  1510  at  Padua,  1520  at  Heils-  ' 
berg,  1522  at  Rhodes,  and  1542  at  Boulogne,  Li^  About  the  middle  of  the  15th 
century  bombs  of  cast-iron  seem  to  have  come  into  use ;  an  Englishman,  named 
Malthus,  learned  the  art  of  throwing  them  from  the  Dutch,  and  perfected  the  system 
for  the  French  armies— being  the  first  to  throw  shells  in  France,  at  the  siege  of  La 
Mothe,  in  1648.  The  diameter  of  the  ,bomb  seems  at  that  time  to  have  become  fixed 
at  13  inches — the  old  ^atie  foot;'  and  at  this  it  remains  (with  very  few  exceptional 
cases)  down  to  the  present  day. 

A  lew  attempts  to  increase  the  size  and  power  of  these  projectiles  have  been  made 
at  diflferent  periods,  Sut  never  with  the  mactical  skill  necessary  to  success;  fbr 
example,  13-inch  shells  were  thrown  by  the  French  at  the  siege  of  Toumay,  in  17^5 ; 
whereas,  just  t  century  before,  the  Swedes  threw  shells  of'  462  lbs.  weight,*  and 
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holding  40  Ibe.  of  powdor.  The  French,  when  they  oooa^ed  Algiers  in  1880,  found 
numbem  of  old  sheUg  of  nearly  900  lbs.  in  weight;  and  m  almost  every  arsenal  and 
fortress  in  Europe  one  or  two  old  16-ineh  and  18-inch  shells  are  to  be  found.  No 
attempt  was  made  in  modem  days  to  realise  the  vast  accession  of  power  that  audi 
large  shells  confer,  until  the  year  1832,  when  the  *  monster  mortar,^  aa  it  was  then 
called,  of  24  inches  calibre,  designed  by  Colonel  Faixhans  (the  author  of  t^e  Faix- 
hans  gun),  was  constructed  by  order  of  Baron  Evain,  the  Belgian  ICnister  of  War, 
and  attempted  to  be  used  by  the  fVench  at  the  siege  of  the  citadel  at  Antwerp,  but' 
with  the  worst  possible  success.  The  mortaiv  a  crude  cylindrical  mass  of  cast-irdn,' 
sunk  in  a  bed  of  timber  weighing  about  8  tons,  and  provided  neither  with  adequate- 
means  for  *  laying '  it,  nor  for  charging  itr-the  heavy  shells  weighing,  when  filled 
with  99  lbs.  of  powder.  1,016  lbs.  eiMii-rCould  with  dimculty^  be  lliid  tCree  rounds  in 
two  hours,  while  the  shells  themselves  were  vezy  badly  proportioned. 

One  of  these  shells  fell  neailv  close  to  the  powder-magazine,  but  did  not  explode ; 
had  it  iiallen  upon  the  presumed  bomb-proof  arch  of  the  maga2dne,  containing  800,000 
lbs.  of  powder,  it  would  have  pierced  it^  according  to  the  opinion  of  all  the  military 
engineers  present  at  the  siege,  and  so  closed  the  enterprise  at  a  blow.  The  ill- 
sucoess  of  this  mortar  prevented  for  several  years  any  attempt  to  develop  bombs 
into  their  legitimate  cmce — as  the  means  of  suddenly  transferring  mines  uto  the 
bod V  of  f ortaled  places— of  a  power  adequate  to  act  with  decisive  eflfect  upon  their 
works ;  although  some  vears  afterwards  a  20-inch  mortar  was  made  in  Engbnd  for 
the  Pacha  of  l^fff^  '^^^  proved  at  Woolwich. 

But  another  circumstance  still  more  tended  to  the  neglect  of  large  shells  thrown 
by  vertical  fire.  After  repeated  trials  and  many  failures,  it  was  found  pracUcablo  to 
throw  10-inch  (and  since  that  even  IS-inch)  sliells  from  cannon,  or  '  shell-guns,'  by 
projecting  them  nearly  horizontally,  or  at  such  low  angles  that  they  should  *  rico- 
chet' ana  roll  alon^  the  ground  before  they  burst ;  and,  thus  fired,  it  was  soon  seen 
that  their  destructive  power  as  against  troom  was  greater  than  if  fired  at  angles 
approaching  45^  of  elevation  from  mortars,  raixhans  and  his  school  had  pushed  a 
good  and  usefU  invention  beyond  its  proper  limits,  and  had  lost  sight  whoUv  of  the 
all-important  fact  that  horizontal  shell-fire,  powerful  as  it  is  against  troops  or  shipping, 
is  all  but  useless  as  an  instrument  of  destruction  to  the  works  (the  earthwork  and 
masoniy,  &c)  of  fortified  places ;  for  this  end,  weight  and  the  penetrative  power  duo 
to  the  velocity^  of  descent  in  f&lling  from  a  great  height  are  indispensable. 

A  13-indi  shell,  weighing  about  180  lbs.,  is  thrown,  by  a  charge  of  80  lbs.  of 
powder,  barely  4,700  vards.  While,  with  not  much  more  than  double  this  amount  of 
powder,  the  86-inch  shell,  qf  more  than  14  times  its  weighty  can  be  thrown  2,660  yards, 
or  much  more  than  half  the  distance. 

The  explosive  power,  it  is  obvious,  ia  approximately  pioportionate  to  the  weight  of 
powder ;  but,  by  calculations,  of  which  the  result  only  can  nere  be  given,  Mr.  Mallet 
has  shown  that  the  total  power  of  demolition— that  is  to  say,  the  absolute  amount  of 
damage  done  in  throwing  down  buildings,  walls,  &c  Ams. — ^by  one  89-inch  shell,  is 
1,600  times  that  possible  to  be  done  by  one  18-inch  shell ;  and  that  an  object  which 
a  18-inch  shdl  could  just  overturn  at  one  yud  fhmi  its  oentre,  will  be  overthrown  by 
the  86-inch  shell  at  40  yards'  distance. 

A  13-inch  shell  penetrates,  on  lulling  upon  compact  earth,  about  2}  feet.  The 
Antwerp  shell  penetrated  7.  feet  The  86-inch  shell  penetrated  16  to  18  feet.  The 
ftmnel-shaped  cavi^,  or  *  crater,'  of  earth  blown  out  hy  the  ei^osion  of  a  buried 
shell,  is  alwavB  a  similar  figure,  called  a  <  paraboldd ; '  its  diameter  at  the  sur&oe, 
produced  by  Uie  18-inch  shell,  is  about  7  feet,  and  by  the  36-inch  shell  about  40  feet^ 
No  bomb-proof  arch  (so  called^  now  exists  in  Europe  capable  of  resisting  the 
tivmendous  fiill  of  such  masses,  ana  the  terrible  powers  of  their  explosion  when  480 
lbs.  of  powder,  fired  to  the  very  best  advantage,  puts  in  motion  the  fragments  of  more 
than  a  ton  of  iron.  No  precautions  are  possible  in  a  fortress,  no  splinter-proof, 
no  ordinary  vaulting,  perhaps  no  casement,  exists  capable  of  resisting  their  fiill  and 
explosion.    Such  a  shell  would  sink  the  largest  ship  or  fioating  battery. 

A  single  86-inch  shell  in  flight  costs  26/.,  and  a  single  18-inch  2/.  2«.,  yet  the 
former  is  the  cheaper  projectile ;  for,  according  to  Mr.  Mallet's  calculations,  to  transfer 
to  the  point  of  eroct  the  same  weight  of  bursting  powder,  we  must  give — 

66  shells  of  13  inches,  at  2/.  2t. 116    10    0 

Against  1  shell  of  86  inches     ,....«  26     0    0 

fiiowing  a  saving  in  fiivour  of  the  large  shell  of        ,  90    10    0 

la  1871  ve  have  the  folloiring  retan  of  Cannon  and  Mortars  exported  ;-* 
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Chrtfls  Taloe; 

ToFmnoe.           •       «       «        .        «        .  4,276  £19,280 

„   Italy      .        .        ...        »        .  24,060  68,000 

Austaan  Teiritoriea       •        «        •        •  1»200  7,600 

. ..       •      ,  .        .  664  6,685 

ber  CountrieB              ....  3,224  11,494 


83.424  107,865 

rd,  maeUUUwm;  TkB  WaJU^robin  ;  LortU  nn4  Lt^ies,    In 
the  island  of  Poctland  a  kind  of  anoivroot  wu  prepared  firom  this  plant.-  See  Abbow- 

BOOT< 

A8SBST08,  from  Hfffi^&Tos,  UncoMumabti,  (Atieste,  Fr.:  A^est,  Qer.)  When 
the  fibres  of  the  fibrous  yarieties  of  amphibde  are  so  slender  as  to  be  flexible,  it  is 
called  asbestos,  or  amianthns.  It  is  foond  in  Piedpont,  Sayoy,  Salxburg,  the  Tyrol, 
Banphin^,  Hungary,  Silesia ;  also  in  Corsica  so  abundantly  as  to  have  been  inade  use 
of  by  Dol^niou  lor  packing  minerals ;  in  the  United  States,  vSt.  Eevem  in  CtHmwall, 
in  Aberdeenshire,  in  some  of  the  islands  north  of  Scotland,  and  Greenland^  Asbestos 
was  manufactured  into  doth  by  theandeuts,  who  nfftQ  "iirdl  aiMuainted'  inth  its 
incombustibility.  This  doth  v(^  used  for  napkins,  which  could  be  deansed  by 
throwing  them  into  the  fire ;  it  was  also  used  as  the  wide  for  lamps  in  the  andent 
temples ;  and  it  is  now  used  for  the  same  purpose  by  the  natiyes  of  Qreenland.  It 
has  been  proposed  to  make  paper  of  this,  fibrous  substance,  for  the  preserration  of 
important  matters.  An  Italian,  Chevalier  Aldini,  constructed  pieces  of  dress  which 
are  incombustible.  Those  ibr  Uie  bodv,  arms,  and  legs  -  -were  formed  out  of  strong 
doth  steeped  in  a  sdution  of  alum ;  while  those  for  uie  head,  hands,  and  feet  wore 
made  of  doth  of  asbestos.  A  piece  of  (ijident  asbestos  doth,  preserved  in  the  Vatican, 
appears  to  hare  been  formed  by  mixing  asbestos  with  other  fibrous  substances ;  but 
M.  Aldini  has  executed  a  piece  of  nearly  the  same  size,  which  is  superior  to  it,  as  it 
eontainsno  foreign  substance.  The  fibres  were  prevented  from  breaking  by  the  action 
Of  steam.  The  doth  is  made  loose  in  its  fiibric,  and  the  threads  ftre  about  the  fiftieth 
of  an  inch  in  diameter.  The  Sodety  of  I^icouragement,  of  Paris,  proposed  a 
prise  for  the  improTement  of  asbestos  doth.  The  use  of  it  was  pablidy  esdiibited  in 
London  in  1858. 

Common  Aibesia  is  found  in  fibres  ct  a  dull  g^reenish  cdonr,  and  of  a  somewhat 
pearly  Instre.  In  the  Serpentine  formations  at  the  Lizard  Point,  in  Cornwall,  it  is 
common.  Dr.  M'Culloeh  found  it  in  the  limestone  of  Glentilt  in  a  pasty  state>  but 
it  hardened  upon  exposure. 

Mnmtain  Leather,  or  JUcnmtam  Paper,  is  not  In  parallel  fibres  like  the'  preceding, 
but  the  fibres  are  interworen.  The  thinner  pieces  beiif  the  Idtter  Aame.'  Wanlodc 
Head  is  the  best  known  locality  in  this  oount^.  *        *        •       • 

EUutie  J$be$tott  or  Moimtam  (hrk,  floats  on  water.  It  has,  like  the  preceding,  an 
interlaced  flhrous  tetture.  It  varlds  in  colour,  being  white,  gifey,  yellow,  or  brown* 
In  appeannoe  and  feel  it  is  not  unlike  common  oork,  and  it  hab  a  certain  degree  of 
eUstidty^  hence  its  name.  ' 

Mountam  Wood,  or  lAgn^orm  Jbbe$ioi,  This  variety  is  usu&Ujjr  inassive,  and  of  a 
brown  colour,  hftving  much  the  appearance  of  wood.  It  is  found  m  several  localities 
in  Scotland. 

A8B*  (Fraxinus  excdsa,)  Ash'  is  superior  to  any  other  'British  wood  for  its 
toughness  and  elastidty.  It  is  therefore  used  for  the  frames  of  machines,  for  agricul- 
tural implements,  and  the  felloes  of  wheels.  This  wood  is  split  into  pieces  for  the 
springs  of  bleachers'  rubbing-boards.  Handspikes,  hammer-handles,  rails  for  chairs, 
&c,  are  made  from  the  ash.  All  these  and  similu*  works  are. much  stronger  when 
they  follow  the  natural  fibre  of  the  wood.  'fi[oops  are  also  frequently  made  of  the 
young  branches  of  the  ash.  Bankine  gives  its  tenadty  ,i^  17*000,  and  its  modulus  of 
elastidty,  or  resistance  to  stretchingi  as  1,600,000. 

Certain  spedes  of  FraxktuB  in  the  Sou^  of  Europe  ^eld  a  sweet  exudation  known 
%AMamui, 

AMHMBm  In  commMce,  the  word  ashes  is  applied  to  the  ashes  of  vegetable  sub- 
stances  from  wfaidi  the  alkalis  are  obtained.    See  Kelp,  BAHtr.T.A,  &o. 

It  is  the  popular  name  of  the  vegetable  alkali,  potash,  in  ah  impure  state,  as 
procured  from  tae  ashes  of  plants  by  fidviation  and  evaporation.  The  plants  which 
lidd  tile  greatest  quantily  of  potash  are  wormwood  aud  fumitory^  See  Votassl 
FMUOAm,  and,  fn  the  mode  of  determining  the  value  of  a^shes,  AtiUiiksTbT. 

Oommerdally  ashes  aiedivided  into  soap-ashes,  wood-ashes,  and  weed-ashes. 
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holding  40  Ibe.  of  powdor.  The  French,  when  they  oooapied  Algiers  in  1880,  found 
numbers  of  old  shells  of  nearly  900  lbs.  in  weight;  and  m  almost  every  arsenal  and 
fortress  in  Europe  one  or  two  old  16-ineh  and  18-inch  shells  are  to  be  found.  No 
attempt  was  made  in  modem  days  to  realise  the  vast  accession  of  power  that  sudi 
large  shells  confer,  until  the  year  1832,  when  the  *  monster  mortar,^  as  it  was  then 
called,  of  24  inches  calibre,  designed  by  Colonel  Paixhans  (the  author  of  t^e  Paix- 
hans  gun),  was  constructed  bv  order  cif  Baron  Erain,  the  Belgian  Minister  of  War, 
and  attempted  to  be  used  by  £he  I^nch  at  the  siege  of  the  citadel  at  Antwerp,  but> 
with  the  worst  possible  success.  The  mortaiv  a  crude  cylindrical  mass  of  cast-ir6n,' 
sunk  in  a  bed  cf  timber  weigfainff  about  8  tons,  and  provided  neither  with  adequate- 
means  for  *  laying '  it,  nor  for  charging  it^the  heavy  shells  weighingi  when  filled 
with  09  lbs.  of  powder.  1,016  lbs.  eiudi-rcould  with  dimculty  be  lliid  tCree  rounds  in 
two  hours,  while  the  shoUs  themselves  were  vezy  badly  proj^ortioned. 

One  of  these  shells  fell  nearlv  close  to  the  powder-magazine,  but  did  not  explode ; 
had  it  &llen  upon  the  presumed  bomb-jpvoof  arch  of  the  magazine,  containing  800,000 
lbs.  of  powder,  it  would  have  pierced  it^  according  to  the  opinion  of  all  the  military 
engineers  present  at  the  siege,  and  so  closed  the  enterprise  at  a  blow.  The  ill- 
success  of  this  mortar  prevented  for  several  years  any  attempt  to  develop  bombs 
into  their  legitimate  amce — as  the  means  <^  suddenly  transferring  mines  into  the 
bod V  of  fortified  phices— of  a  power  adequate  to  act  with  decisive  eflfect  upon  their 
works ;  although  some  vears  afterwards  a  20-inch  mortar  was  made  in  England  for 
the  Pacha  of  ^g)rpt^  and  proved  at  Woolwich. 

But  another  drcumstanoe  still  more  tended  to  the  neglect  of  large  shells  thrown 
by  vertical  fire.  After  repeated  trials  and  many  failures,  it  was  found  pracUcablo  to 
throw  10-inch  (and  since  that  even  18-inch)  sKells  from  cannon,  or  '  shell-guns,'  by 
projecting  them  nearly  horizontally,  or  at  such  low  angles  that  they  should  *  rico- 
chet' ana  roll  alon^  the  ground  before  they  burst ;  and,  thus  fired,  it  was  soon  seen 
that  their  destructive  power  as  against  troops  was  greater  than  if  fired  at  angles 
approaching  45^  of  elevation  from  mortars.  Paixhans  and  his  school  had  pushed  a 
good  and  useful  invention  beyond  its  proper  limits,  and  had  lost  sight  whouv  of  the 
all-important  fact  that  horizontal  shell-fire,  powerful  as  it  is  against  troops  or  shipping, 
is  all  but  useless  as  an  instrument  of  destruction  to  the  works  (the  earthwork  and 
masonry,  &c)  of  fortified  phioes ;  for  this  end,  weight  and  the  penetrative  power  duo 
to  the  velocity  of  descent  in  falling  from  a  great  height  are  indispensable. 

A  18-indi  shell,  weighing  about  180  lbs.,  is  thrown,  by  a  charge  of  80  lbs.  of 
powder,  barely  4,700  yuds.  While,  with  not  much  more  than  double  this  amount  of 
powder,  tho  86-inch  shell,  qf  more  than  14  times  its  we^i,  can  be  thrown  2,660  yards, 
or  much  more  than  half  the  distance. 

The  explosive  power,  it  is  obvious,  is  approximately  pioportionate  to  the  weight  of 
powder ;  but,  by  calculations,  of  which  the  result  only  can  nere  be  given,  Mr.  Mallet 
has  shown  that  the  total  power  of  demolition— that  is  to  say,  the  aUolute  amount  of 
damage  done  in  throwing  down  buildings,  walls,  &c  Aw. — ^by  one  89-inch  shell,  is 
1,600  times  that  possible  to  be  done  by  one  18-inch  shell;  and  that  an  object  which 
a  18-inch  shdl  could  just  overturn  at  one  yard  fhmi  its  oentre,  will  be  overthrown  by 
the  86-inch  shell  at  40  yards*  distance. 

A  18-inch  shell  penetrates,  on  falling  upon  compact  earth,  about  2}  feet.  The 
Antwerp  shell  penetrated  7.  feet  The  86-inch  shell  penetrated  16  to  18  feet.  The 
fhnnel-shaped  cavi^,  or '  crater,'  of  earth  blown  out  b^  the  ei^osion  of  a  buried 
shell,  is  alwavs  a  similar  figure,  called  a  <  paraboloid ; '  its  diameter  at  the  sur&ce, 
produced  bv  me  13-inch  sheU,  is  about  7  feet,  and  by  the  86-inch  shell  about  40  feet^ 

No  bomb-proof  arch  (so  called^  now  exists  in  Europe  capable  of  resisting  the 
tremendous  fall  of  such  masses,  ana  the  terrible  powers  of  their  explosion  when  480 
lbs.  of  powder,  fired  to  the  veiy  best  advantage,  tnits  in  motion  the  nagments  of  more 
than  a  ton  of  iron.  No  precautions  are  possible  in  a  fortress,  no  splinter-proof, 
no  ordinaiy  vaulting,  periiaps  no  casement,  exists  capable  of  resisting  their  finll  and 
explosion.    Such  a  shell  would  sink  the  largest  diip  or  fioating  battery. 

A  single  86-inch  shell  in  fiight  costs  26/.,  and  a  single  13-inch  21,  2«.,  yet  the 
fbrmer  is  the  ehioper  projectile ;  for,  according  to  Mr.  Sleet's  calculations,  to  transfer 
to  the  point  of  efl»ct  the  same  weight  of  bursting  powder,  we  must  give — 

66  shells  of  18  inches,  at  2/.  2t. 116    10    0 

Against  1  shell  of  86  inches     •        .        .       .       .       .  26     0    0 

^Qiowing  a  saving  in  fiivou]^  of  the  large  shell  of        •  90    10    0 

la  1871  ve  have  the  folloiring  retan  of  Cannon  and  Mortars  ex|K>rted  ;-* 
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1»200  7,600 

664  6,686 

3,224  1M94 
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rd,  maeuUUwm  ;  Tk^  Waki'^rclbiM  ;  LortU  nn4  Lt^ki,    In 
the  ifland  of  Poctland  a  kind  of  anowioot  wm  prepared  firom  this  plants  See  Abbow- 

BOOT* 

AJiBBSTOSf  from  H^fi^ifros,  kfWOMumabti,  (Adate,  Fr.:  Ashest,  ^erJ^  Wlion 
the  flbroB  of  the  fibzoiui  yarietiea  of  amj^ubde  are  so  slender  as  to  be  flexible,  it  is 
called  asbestos,  or  amianthns.  It  is  foond  in  Piedpont,  Sayoy,  Salxburg,  the  Tjrrol, 
Dauphin^  Hungary,  Silesia ;  also  in  Corsica  so  abundantly  as  to  have  been  made  use 
of  by  Dolopiieu  for  packing  minerals ;  in  the  United  States,  .St  Kevem  in  CtHmwall, 
in  Aberdeenshire,  in  some  of  the  islands  north  of  Scotland,  and  Greenland.  Asbestos 
was  manufactured  into  cloth  by  the' ancients,  who  insre  nf^VL  aCUuaiUted'  with  its 
incombustibility.  This  cl<>th  "w^  used  for  na^ns,  whioh  could  be  cleansed  by 
throwing  them  into  the  itre ;  it  was  also  used  as  the  wick  for  lamps  in  the  ancient 
temples ;  and  it  is  now  used  for  the  same  purpose  by  the  natives  of  Qreenland.  It 
has  been  proposed  to  make  paper  of  this,  fibrous  Substance,  for  the  preserration  of 
important  matters.  An  Italian,  Cheyalier  Aldini,  constructed  pieoes  of  dress  which 
are  incombustible.  Those  ibr  the  bodv,  arms,  and  legs  were  formed  out  of  strong 
dodi  steeped  in  a  solution  of  alum ;  wnile  those  for  the  head,  hands,  and  feet  wore 
made  of  doth  of  asbestos.  A  piece  of  ancient,  asbestos  doth,  preserred  in  the  Vatican, 
appears  to  hare  been  formed  by  mixing  asbestos  with  other  fibrous  substances ;  but 
M.  Aldini  has  executed  a  piece  of  nearly  the  same  size,  which  is  superior  to  it,  as  it 
coBtainsno  foreign  substance.  The  fibres  were  prevented  from  breaking  by  the  action 
of  steam.  The  elotli  it  made  loose  in  its  fiibrie,  and  the  threads  are  about  the  fiftieth 
of  an  inch  in  diameter.  The  Sodety  of  fbscouragement,  of  Paris,  proposed  a 
prise  for  the  improyement  of  asbestos  doth*  The  use  of  it  was  publidy  exhibited  in 
London  in  1858. 

Common  Atbeatoi  is  found  in  fibres  of  a  dull  greenish  colour,  and  of  a  somewhat 
pearly  lustre.  In  the  Serpentine  formations  at  the  Lizard  Point,  in  Cornwall,  it  is 
common.  Dr.  M'Culloch  found  it  in  the  limestone  of  Glentilt  in  a  pasty  state,  but 
it  hardened  upon  exposure. 

Mtnmtam  Ltather,  at  Momutam  Paper,  is  not  in  parallel  fibres  likb  the'  preceding, 
but  Uie  fibres  are  interwoven.  The  thinner  pieces  bear  the  Idtter  fiame.'  Wanlodc 
Httd  is  the  beet  Renown  locality  in  this  count^.  *        *        *       • 

EUi$HeJ$be9tot,  or  Movntaim  (hrk,  floats  on  water.  It  has,  Cke  the  preceding,  an 
interlaced  fibrous  teltuxe.^  It  varies  in  colour,  being  white,  gifey,  yellow,  or  brown* 
In  appeannce  and  fed  it  is  not  unlike  common  cork,  and  it  haii  a  certain  degree  of 
dastidty^  hence  its  name. 

MowUmm  Wood,  or  lAgwform  JLA$itoi,  TUis  variety  is  usu&Upr  n/iassive,  and  of  a 
brown  colour,  having  much  the  appearance  of  wood.  It  is  found  in  several  localities 
in  Scotland. 

A8B.  {Fraxinut  excdsa.)  Ash  is  superior  to  any  other  British  wood  for  its 
toughness  and  elastidty.  It  is  therefore  used  for  the  frames  of  machines,  for  agricul- 
tural implements,  and  the  felloes  of  wheels.  This  wood  is  spUt  into  pieoea  for  the 
springs  of  bleachers'  rubbing-boards,  ^ndspikes,  hammer-handles,  rails  for  chairs, 
&c,  are  made  from  the  ash.  All  these  and  similu*  works  are. much  stronger  when 
Uiey  follow  the  natural  fibre  of  the  wood,  'ttoops  are  also  frequently  made  of  the 
young  branches  of  the  ash.  Bankine  gives  itetenadty  .afi  17|000,  and  its  modulus  of 
elastidty,  or  redstance  to'stretchinig,'  as  l,60d,600. 

Certain  spedes  of  FrasinuB  in  the  Soutii  of  Europe  yield  a  sweet  exudation  known 
uManfUL 

ABKBS.  In  commerce,  the  word  ashes  is  applied  to  the  ashes  of  vegetable  sub- 
stances f!rom  whidi  the  alkalis  are  obtained.    See  Kelp,  BabIlla,  &o. 

It  is  the  popular  name  of  the  ve^table  alkaU,  potash,  in  ah  impure  state,  as 
procured  firom  tne  ashes  of  plants  by  hxiviation  and  evaporation.  Tbei  plants  which 
ridd  the  greatest  qtiiuiti1;y  of  potash  are  wormwood  and  fumitory^  See  Poxask^ 
PaABMSB,  and,  fior  the  mode  of  <!totermining  the  value  of  ashes,  AttktiinnkT, 

Commercially  ashes  aiedivided  into  soap-ashes,  wood-ashes,  and  weed-ashes. 
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ASHES  OF  PLANTS 


AffF^^F  QV  91LAMTMk  The  ashes  of  all  spedes  of  woods  and  weeds  are  found 
to  contain  some  alkali ;  henoe  it  is  thi^t  tho.residjiary  inatt^,  after  the  combustion  of 
anjYOgetable  matter,  acta  as  a  stimulant  tp  yeg^tablei  growth.    . 

The  following  analyses  of  Blasts  have  bc^en  s^ectecL.fiFom  the  Tables  which  hare 
been  published  by  Messrs.  Thon^as  ¥^ay  ai^d  G.^Ogston,  in.  the  'Journal  of  the  Agri- 
cultural Sodety : —  .... 
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Ctorcr 
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WhMt 

Grata 

Sirftv 

Bsiky 

Osto 

^SSP 
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Root 

FotaMa    •      • 

49*41 

U'Jt 

18*44 

81*00 

99*76 

10-81 

90*07 

17*70 

99'70 

11*56 

91*68 

87*58 

Soda        •       .. 

r»7 

0-14 

JrlO 

,, 

8*96 

1*08 

4*88 

8*84 

14*78 

19*48 

8*18 

19«6S 

Ume        .       . 

t-n 

19*06 

86*09 

94-80 

9*88 

8*91 

1*48 

8*54 

11*89 

98-49 

1*90 

9*76 

MagneBiA. 

«•« 

••00 

11*01 

6*08 

11*06 

1*98 

7*45 

7-88 

8*98 

9*69 

1*79 

8-78 

Besqabzlde   of 

irSn       .       . 

o-u 

0-M 

0*08 

0*81 

0*18 

0*07 

0*81 

0*49 

0-47 

8*09 

0*59 

6*74 

Snlphniioadd. 

e*)! 

4*38 

8*81 

8*38 

0*11 

9*14 

0*79 

I-IO 

1618 

10-86 

8*14 

6-84 

SUlcft       .       . 

1*74 

]*n 
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8*99 

9-98 

78*87 

89*78 
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9-«» 

8-01 

1-40 

0*76 
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in 
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0-99 
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,, 
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10-4T 

6-18 

15-98 
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Phosphoric  acid 

mn 

SS-74 

6*89 

9*86 

48-91 

6*61 

81-69 

96-46 

9*81 

4-85 

1*65 
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Chloride  of  po- 

tassium . 
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,, 

,. 

,, 
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Chloride  of  so- 

ditim    ..       • 

•• 

s*9e 

4*18 

0*78 

*• 

•• 

•  • 

7*05 

19H1 

49*81 

4*91 

Total  ainonnt  . 

M-96 

100-00 

99*05 

99*96 

99*96 

99*99 

99*98 

99*96 

99*98 

99*96 

99*96 

99*99 

.  ashintbedry 

snUtanoo 

2-00 

s*w 

7*87 

8*87 

9*08 

•• 

9*80 

9*80 

8H)0 

16*40 

11*89 

8*19 

Per-centage  of 

ashintbefreeb 

sutatinoe      • 

S-24 

S*M 

0*77 

5*68 

1*81 

•• 

9*98 

9*97 

0*75 

1*97 

1*09 

0*77 

A  few  additional  analyses,  by  Prot  Way  and  other  chemists,  are  given  for  the  pur- 
pose of  showing  the  vanatioDS  which  exist  in  the  constituents  of  phuits  as  detemuned 
by  the  analyris  of  their  ashes :— 


- 

POtfOMS' 

Lettuce 

Leaves  and 

Stalk- 

0UTe4iee 
Wood- 

Hops« 

Hay* 

Sprouts: 

Clnpea 

Sprotoi* 

Potassa  • 

Soda 

lim^       •       •       • 

Magnesia 

Sesquioxide  of  iron  • 

Sulphuric  add 

Silica      . 

Carbonic  add  • 

Phosphorio  add 

Chloride  of  potassium 

Chloride  of  sodium  • 

25-41 
••• 

2-84 

4*17 

0*50 

4-71 

8-64 

«•• 

10*88 

12*40 

trace 

22*87 

18-60 

10-43 

6*68 

2*82 

8-86 

11*86 

••• 

9-38 

16-09 

20*60 

63^2 
2-31 

3^9 
8-82 

••• 
4-77 
109 
••• 

24-88 

21-69 
4-69 
1*76 
7-27 
19-71 
217 
.  14-47 

3*42 

11-93 
1-07 

14-76 
6-30 
2-76 
0*20 

68*43 

6-84 
2*27 

17-23 
1-19 

23-67 
3*01 
0*28 

43-62 
U-19 

Total  amount  . 
Per-eentage  of  ash  in 

the  dry  substance  . 
Por-oentage  of  ash  in 

the  fresh  substance 

100*00 
4*86 
••* 

99-99 
••• 
••• 

100*00 
0-68 

99*96 
5-95 

••* 

100-00 
6-97 
6-16 

100*00 

The  large  amount  of  silica  found  in  the  grasses,  constituting,  as  it  does,  much  of  their 
outer  coating,  tsannot  fail  to  bo  noticed.  The  variations  in  the  quantities  of  phosphoric 
add  are  instructive. 

A  vast  number  of  analyses  of  the  ashes  of  plants  have  been  collected  and  systema* 
tically  arranged  by  Dr.  i^l  Wplff  in  his  <  Aschen-Analysen  von  landwirthschaftUdien 
Pioductan,  l^brik-Abf&llto  und  wildwachsenden  Pflanien.'    4ta.,  Berlin,  1871» 
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or  ASBUnu  When  stonee  are  -worked  in  regokr  beds  and  joints, 
and  are  dieteed  for  facing  work,  they  are  called  ashlar.  The  stone  used  as  ashlar  is 
called  ashlarmff,  when  in  thin  slabs,  and  made  to  serve  merely  as  a  case  to  the  regolar 
bo(fy  of  the -wall. 

it  BWTiintnrCK  in  carpentnr,  are  the  short  upright  pieces  of  timbering  or  quar- 
tering fixed,  in  garrets,  to  the  noor  and  rafters,  to  cut  off  the  acute  angle  whic^  they 
form. 

ASVA&AOXWa.  Syn.  Asparamide,  altheine.  C*H*NK)*+2A<}.  (0«B*V<0*  + 
BH>J  A  beautafolly  crystallised  substance,  first  found  in  asparagus  juice,  by  Vauquelin 
and  JOobiquet,  in  1805.  It  not  only  exists  in  a  great  number  of  vegetables,  but  some 
which  do  not  contain  it  naturally  may  be  made  to  affi^rd  it  by  being  grown  in  dark 
damp  cellars.  Many  plants  normally  containing  only  small  quantities  of  it  may  bo 
made  to  yield  more  b^  being  allowed  to  germinate  in  that  manner.  Among  the 
Togetables  fiom  which  it  can  be  directly  obtained  may  be  mentioned  the  following: — 
AJUktBa  offidnaHt,  Atparagug  acuttfolitu^  A.  off,,  Airopa  belladonna,  ConvaUariarnqfalU, 
C.  fAultlfiorOj  Cynodon  daotylon,  CrlycyrrkUa  glabra,  Lactuea  saliva,  OmUhogahim 
catuUttum,  Forit  quadrtfolia,  Bobmia  pseudaeacia,  Sokmum  tuberosum,  and  Symphytum 
off.  The  ffdlowing  list  contains  the  names  of  some  plants  normally  containing  no 
asparagine,  but  yielding  it  when  allowed  to  germinate  in  darkness  in  damp  cellars : — 
Colutea  arboresoens,  ^tisus  laburnum,  Ertmrn  Una,  Genista  junoea,  Hedysarum 
OMibryckis,  Latkyrus  odoratus,  L,  latifolius,  Phaseolus  vulgaris,  Pisum  sativum,  Tri- 
folium  pratsnse,  Vieia  Faba,  and  V,  saliva. 

Preparation, — ^Perhaps  the  most  convenient  and  economical  mode  of  procuring 
asparagine  is  from  the  etiolated  (blanched^  shoots  of  vetches.  When  they  have 
acquired  a  length  of  two  inches — which,  under  favourable  circumstances,  will  be  in 
about  three  weeks — ^they  are  to  be  crushed,  and  the  juice  pressed  out  The  quantity 
yielded  will  be  rather  less  than  three-fourths  of  the  weight  of  the  plant.  It  is  then 
to  be  boiled  for  a  short  time,  to  coagulate  the  vegetable  albumen,  and  strained.  This 
clarified  fluid  is  to  be  evaporated  until  almost  syrupy,  and  put  aside  to  cr^tallise. 
The  product  is  at  first  brown,  but  by  washing  with  cold  water,  afterwards  dissolving 
in  boiling  water,  and  subsequent  crystallisation,  it  may  be  obtained  pure.  If,  previous 
to  putting  the  hot  fiuid  aside  to  crystallise,  a  little  pure  animal-charcoal  be  added, 
and  the  whole  be  digested  a  short  time,  and  then  filtered,  the  crystals  will  be  obtained 
brilliantly  white  at  one  operation.  Some  chemists  advise  the  germination  to  ba 
allowed  to  go  much  farther  than  was  mentioned  above,  so  that  the  shoots  may  be  as 
long  as  15  inches.  The  crystals  obtained  by  the  process  given  have  the  formula 
C*  H"  N*  CH+  2  Aq.,  but  the  water  is  enelled  at  212°.  ^paragine  possesses  the 
pcculiaritj  of  behaving  like  a  base  towards  strong  oxides  and  like  an  add  towards 
bases.  The  crystals  obtained  by  the  method  given  contain,  in  the  100  parts,  carbon 
82*00,  hydrogen  0*67,  nitrogen  18*67,  oxygen  42*66.  Dried  at  212^,  it  has  the  fol- 
lowing ccmpoeition :  carbon  36*36,  hydit^n  6*06,  nitrogen  21*21,  oxygen  36*87. — 
C.  G.  W. 

ASVABACMIZiZra.  A  name  given  to  a  variety  of  apatite  of  the  colour  of 
asparagus. 

ASVAXAaVS  oyyiCUffAXTS.  An  esculent  vegetable  belonging  to  the 
natural  ovder  LUtaoetB,  The  young  shoots  sent  up  from  the  underground  stem  are  the 
parts  used. 

JkMWMM*  The  Populus  trenwla.  A  tree  native  of  almost  all  parts  of  Europe  as 
fiir  north  as  Siberia.  The  wood  is  white,  and  is  applied  to  many  useful  purposes. 
The  charcoal  prepared  from  the  aspen  is  said  to  be  well  adapted  for  gunpowder.  See 
PoflabTbbb. 

ASVBA&T,  JkMVUJkStTUWKf  or  MZVBBA&  VITOB.  (Asphalte,  Fr.  ; 
Asphalt,  Bergpech,  Ger.)  A  name  applied  to  the  solid  varieties  of  bitumen.  In 
its  purest  form  asphalt  presents  the  appearance  of  a  black  or  brownish-black 
solid  substance,  possessing  a  bright  conchoidal  fracture.  It  fuses  at  212^  F.,  burning 
with  a  brilliant  fiame  and  emitting  a  bituminous  odour.  Specific  gravity  »1  to 
1*2.  Asphalt  is  insoluble  in  alcohol,  but  soluble  in  about  five  times  its  weight  of 
naphtha. 

The  mineral  substances  included  under  the  rather  wide  term  of  asphalt  appear  tQ 
differ  considerably  in  chemical  composition.  They  may  generally  be  resolved  proxi- 
mately into  certain  oils,  resins,  and  pitch-like  solids ;  whilst  ultimately  they  yield 
carbon,  hydrogen,  and  oxygen,  associated  with  a  small  proportion  of  nitrogen 
and  mineral  matter.  The  asphalts  appear  to  have  been  formed  by  the  evaporation, 
solidification,  and  consequent  partial  oxidation  of  certain  liquid  hydrocarbons, 
such  as  petxoleunu  Their  ultimate  origin  may  no  doubt  be  traced  to  organic 
souroee. 

AflphaU  is  firand  in  small  quantaty  in  the  carboniferous  limestone  of  Perbyshire, 
VoL,l  3 
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Sta£R)rdshire,  and  elsewhore.  It  is  geneially  said  that  masses  of  asphalt  float  on  the 
sarface  of  the  Dead  Sea,  or  Lake  Asphaltites — ^whence  the  name— out  according  to 
modern  observers,  the  quantity  found  at  present  is  but  smalL  The  rast  deposit 
of  asphalt  in  the  Great  Pitch  Lake  of  Trinidad  is  described  under  the  head  of 
BmnuN.  A  substance  known  as  chapapotey  or  Mexican  asphalt^  is  imported  from 
Cuba. 

Large  masses  of  rock  impregnated  with  asphalt  are  found  in  certain  localities  on 
the  Continent,  and  are  important  as  furnishing  most  of  the  asphalt  used  commereiallY. 
Perhaps  the  beet  known  of  these  deposits  is  the  great  mass  of  Jurassic  limestone  in 
the  Val  de  Travers,  at  Sejssel,  on  the  Rhone.  Similar  rocks  occur  at  Limmer,  near 
Hanover ;  in  the  Isle  of  Brazza  in  Balmatia ;  at  HoUe,  near  Heide,  in  Holstein ;  in  the 
TjTol^  and  in  Alsace. 

Under  the  head  of  BrruKBN  will  be  found  some  historical  notices  of  the  andent 
use  of  asphalt  and  kindred  substances  for  building  purposes.  In  modem  timas 
attention  has  frequently  been  directed  to  the  utilisation  of  the  asphaltic  rocks  of 
Switzerland,  especially  as  a  source  of  asphalt  for  paving.  Without  following  the 
Tidssitudes  of  the  Swiss  workings  since  they  were  originally  commenced  by  E&nns, 
in  1712,  it  may  suffice  to  say  that  within  the  last  few  yeara  considerable  attention  has 
been  directed  to  their  development,  and  that  they  are  now  actively  worked.  Originally 
the  asphalt  obtained  from  the  rocks  of  these  quarries  was  employed  in  the  form  of  a 
liquid,  melted  out  from  the  limestone,  and  spread  over  the  pavement — durability 
being  imparted  to  the  material  by  admixture  of  coarse  sand  and  by  sprinkling  sand 
or  gravel  over  the  surface.  The  following  is  the  modem  methoa  of  laying  down 
asphaltic  foot-paths,  as  practised  in  Paris : — ^A  foundation  is  first  formed  by  a  layer 
of  concrete,  the  surfiuse  of  which  is  careMly  flattened.  On  this  even  surfiiioe,  when 
dry,  the  melted  asphalt  is  spread.  This  asphalt  is  melted  in  a  cauldron,  and  a  proper 
proportion  of  sana  added — ^the  mixture  being  kept  stirred  to  prevent  subsidenoe  of 
the  sand.  The  asphalt  is  spread  with  a  wooden  trowel  over  the  coBcrete,  and  the 
surface  is  finally  smoothed  over. 

Of  late,  a  very  great  improvement  in  the  construction  of  asphalt  roads  has  been 
introduced,  the  merit  of  the  new  method  being  due  to  M.  A.  Merian,  of  Basle.  The 
asphalt  is  laid  down  in  the  form  of  a  hot  powder,  and  the  powder  is  then  beaten  into 
a  compact  mass.  The  process  has  been  thus  described  by  M.  L^n  Malo : — '  The 
asphalt  stone  is  brought  direct  from  the  quarries,  and  broken  up  into  small  pieces 
alK>ut  the  size  of  those  used  for  macadamised  roads ;  it  is  then  heated  over  a  stove,  in 
a  dmm-Bhaped  iron  vessel  with  feet,  till  it  crumbles  into  powder ;  and  in  order  that 
the  powder  may  not  lose  its  heat,  the  whole  apparatus  is  conveyed  on  to  the  street 
where  it  is  to  be  applied.  Then  a  foundation  of  hiUm  (concrete)  is  laid,  about  4  inches 
deep,  which  may,  however,  be  thicker  or  thinner  according  to  the  nature  of  the  soiL' 
The  concrete  having  hardened,  its  surface  is  brought  to  the  required  corre,  and  a 
layer  of  powdered  asphalt,  16  to  20  inches  thidk,  laid  down  and  compressed  by 
stamping,  the  surface  being  finally  smoothed  by  a  heavy  roller.  .     . 

The  Val  de  Travers  asphalt  quarries  are  now  largely  worked,  and  several  esqperi- 
mental  patches  of  paving  with  this  asphalt  have  been  laid  down  in  some  of  the  main 
thoroughfares  of  London,  and  have  in  general  proved  highly  suocessftil. 

In  addition  to  the  use  of  asphalt  for  pavements  and  roadways,  the  material  is  of 
value  as  a  waterproof  lining  for  cisterns,  and  as  a  cement  It  also  finds  af^cation 
in  the  arts  as  a  component  of  certain  varnishes.  See  BiTUUBir  and  Pavemxnt, 
Asphalt. 

ASVMA&TBn.  A  product  obtained  from  asphaltnm  by  volatilising  the  oily 
and  volatile  product  petroUne, 

ASraA&TZO  XASTZO,  used  in  Pftris  for  large  works,  is  brought  down  the 
Bhone  from  Pyrimont,  near  SeysseL  It  is  composed  of  nearly  pure  carbonate  of 
lime,  and  about  9  or  ten  per  cent,  of  bitumen. 

When  in  a  state  of  powder  it  is  mixed  with  about  7  per  cent  of  bitumen  or 
mineral  pitch,  found  near  the  same  spot  The  powdered  asphalt  is  mixed  with 
the  bitumen  in  a  melted  state  along  with  clean  gravel,  and  consistenoy  is  given  to 
pour  it  into  moulds.  Sulphur  added  to  about  1  per  cent  makes  it  very  brittle. 
The  asphalt  is  ductile,  and  has  elastidty  to  enable  it  with  the  small  stones  sifted 
upon  it  to  resist  ordinary  wear.  Walls  having  cracked,  and  parts  having  fallen, 
the  asphalt  has  been  seen  to  stretch  and  not  crack.  It  has  been  regarded  as  a 
sort  of  mineral  leather.  The  sun  and  rain  do  not  appear  to  affect  it ;  and  it  answers 
f6r  abaitoirs  and  barracks,  keeps  vermin  down,  and  is  uninjured  by  the  kicking  of 
horses. 

ASFMA&T  OZXto    An  oil  obtained  from  asphaltnm  by  dry  distillation. 

ASFMA&Tim.    See  AsFUALtr 

AsPHALTUK,  Gas-Tib,  or  Abtificul.     When,  with  the  thick  pitchy  residue. 
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obtained  bj  eyapoiating  off  the  more  volatile  portions  of  gas-tar,  sand,  chalk  or  lime 
are  mixed,  it  is  called  artificial  asphaltum.  The  mineral  substances  are  strongly 
heated  to  expel  all  moisture,  and  then  added  to  the  pitch  while  in  the  melted  state.- 
This  is  used  for  pavements,  for  lining  tanks,  &c. 

A8PZKATO&.  An  apparatus  used  for  drawing  a  stream  of  air  through  a  tube 
or  other  vessel  There  are  several  varieties  used  by  chemists  in  the  analyses  of  air. 
One  or  two  only  need  be  mentioned  here. 

Brumier*s  consists  of  two  e^ual  cylindrical  vessels  placed  one  above  another 
and  communicating  by  tubes,  which  can  bo  opened  or  closed,  so  that  when  the  water 
has  run  ftom  the  upper  to  the  lower  vessel,  the  apparatus,  turning  for  the  purpose 
on  a  horizontal  axis,  may  be  inverted,  so  as  to  repeat  the  process. 

An  aspirator  devised  some  years  ago  by  Mr.  H.  W.  Johnson  is  of  considerable 
interest,  as  the  principle  of  its  action  has  of  late  received  extensive  applicdtion 
in  the  construction  of  certain  forms  of  exhausting  apparatus.  The  arrangement 
of  Johnson's  aspirator  will  be  readily  understood  from  the  accompanying  figure 
ifig.  95).  A  tap  in  connection  with  a  supply  of  water  is  fitted  by  moans  of  a  piece  of 
india-rubber  tubing  to  a  small  cylinder,  a,  opening  below  into  a  long  straight  glass 
tube,  B,  and  communicating  by  means  of  a  lateral  branch,  c,  with  the  vessel  through 
which  the  stream  of  air  is  to  be  drawn.  On  opening  the  tap,  the  water  runs  down 
the  tubes  A  b,  carrying  with  it  air,  which  it  sucks  in  through  tlie  branch-tube,  c ;  in 
this  way  a  stream  of  air  continues  to  flow  in  at  c  as  long  as  water  is  allowed  to  run 
through  AB.  An  aspirator  of  this  form  was  fitted  up  by  Mr.  Johnson  at  the  Koyal 
College  of  Chemistry,  and  was  desci  ibed  before  the  Chemical  Society  in  1852.  (*  Journ« 
Chem.  Soc'  vol.  iv.  p.  186.) 

Johnson's  aspirator  is  similar  in 
principle  to  the  water-blowing  machine 
known  as  the  irompe,  used  with  the  old 
Catalan  iron-furnaces,  still  working 
in  the  Pyrenees  and  other  parts  of 
Southern  Europe.  In  the  trompe,  a 
cistern  of  water  is  connected  with 
wooden  pipes  having  small  openings 
called  aspiraUurSf  communicating  with 
the  external  atmosphere.  As  the  stream 
of   water  descends  from    the    cistern 

95 


through  the  pipes,  it  draws  down  with  it  a  current  of  air  entering  through  these 
aspirateurs,  and  ^e  mixed  air  and  water  passes  into  a  vessel  below,  whence  the 
water  fiows  out  through  a  special  aperture,  whilst  the  air  passes  to  the  tuyere. 
On  referring  to  the  previous  figure  of  Johnson's  aspirator,  it  is  clear  that  if  the 
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lateral  tube,  c,  inBtead  of  being  oonnected  with  an  open  tube  through  which  air  can 
be  drawn,  be  connected  with  a  closed  receiver,  the  air  will  be  gradually  sucked  out  of 
this  Tessel  by  the  descending  current  of  water,  and  a  racuum,  more  or  less  perfect, 
may  be  thus  obtained.  This  is,  indeed,  the  principle  of  the  admirable,  though  simple, 
exhausting  apparatus  introduced  by  Dr.  Sprengel,  in  which  a  vacuum  is  obtained  by 
the  descent  of  a  column  of  mercury.  The  mercury  is  placed  in  a  large  funnel, 
A.  (Jig.  96),  which  communicates  with  a  glass  tube,  c,  d^  longer  than  the  tube 
of  the  mercurial  barometer,  and  open  at  both  ends.  The  receiver,  b,  to  be  exhausted, 
is  connected  wiUi  a  lateral  tube,  opening  into  the  main  tube  at  x.  On  pressing  a 
spring-damp  attached  to  the  india-rubber  connection  below  «,  the  mercury  flows  down 
the  tube,  c,  d.  As  the  lower  end  of  this  tube  opens  a  little  below  the  lateral  spout  of 
the  bulb,  B,  ike  first  portions  of  mercury  hermetically  seal  this  open  end,  and  prevent 
any  ingress  of  air.  The  descending  column  of  mercury  is  broken  up  into  detached 
cylinders  separated  by  columns  of  air  sucked  in  from  the  vessel  b.  The  mercury  and 
air  pass  out  at  the  lateral  aperture  of  the  bulb  b  ;  and  to  economise  the  mercury,  it  is 
ftom  time  to  time  poured  back  from  the  vessel  h  to  the  Ainnel  A.  As  rarefaction 
prooeeds,  the  quantity  of  air  enclosed  with  the  mercury  becomes  less  and  less,  and  as 
the  exhaustion  appooaches  completion  the  mercurial  column  is  almost  uninterrupted 
by  any  air.  At  tliiB  stage  of  the  operation,  the  falling  mercury  makes  the  character- 
istic sound  of  a  liquid  moving  in  a  vacuum,  ^miliar  in  the  common  water-hammer. 
When  the  exhaustion  is  complete,  about  30  inches  of  morcu^  will  be  supported  in 
l^e  tube,  e,  d,  and  the  remaimng  part  of  the  tube,  together  with  the  lateral  branch  x 
and  receiver  b,  is  in  the  condition  of  the  Torricellian  vacuum — that  is  to  say,  it  is  a 
space  containing  nothing  but  vapour  of  mercury  at  very  low  tension.  By  means  of 
this  mercurial  pump  a  higher  de^gree  of  rarefaction  can  be  attained  than  with  the 
ordinary  air-pump.  Dr.  Sprengel  found  no  difficulty,  even  with  common  cold  mercury, 
in  rarefying  the  air  to  one-millionth  of  its  original  density.  The  inventor  recommends 
the  use  of  an  exhausting-syringe  to  remove  the  bulk  of  the  air,  employing  the 
mercurial  pump  only  as  an  auxiliary  in  completing  the  exhaustion.  In  practice,  the 
Sprengel  pump  is  not  so  simple  in  construction  as  that  previously  figured,  but  is 
fumiwed  with  certain  accessory  parts,  which  do  not,  however,  affect  the  general 
principles  of  its  action.  Some  impovements  in  the  pump  have  been  introduced  by 
rrof.  McLeod.  (For  SprengeFs  onginal  researches,  see  '  Jonm.  Chemical  Soc'  1865, 
p.  9 :  for  McLeod's  improvements,  see  same  journal,  1867»  p.  307). 

Dr.  Sprengel,  in  explaining  the  action  of  his  mercurial  pump,  says :  *  Hy  instru- 
ment is  merely  the  reverse  of  the  trompe,  with  this  addition,  that  the  supply  of  air  is 
limited,  while  that  of  the  trompe  is  unlimited.' 

An  important  ap^cation  of  the  principle  of  the  Sprengel  pump  has  been  recently 
made  by  Professor  Bunsen,  in  his  new  method  of  filtering.  The  operation  of  filter- 
ing is  usually  very  tedious,  and  in  many  branches  of  manufSacture  a  rapid  method  of 
filtration  is  nighly  desirable.  Bunsen's  great  improvement  consists  in  accelerating 
the  operation  by  filtering  into  a  fiask  from  which  the  air  has  been  partially  with- 
drawn :  the  pressure  of  the  atmosphere  on  the  surface  of  the  liquid  in  the  filter 
forces  the  liquid  through  the  pores  of  the  paper,  and  the  partial  vacuum  on  the  other 
side  offers  but  litUo  resistance  to  its  passage.  To  effect  the  exhaustion,  the  vessel 
which  receives  the  filtered  solution  is  placed  in  connection  with  a  water  air-pump, 
that  is,  an  apparatus  on  Sprengel's  principle,  but  working  with  water  instead  of 
mercury.  This  water  air-p>ump  is  recommended  by  Bunsen,  not  only  for  washing  pre- 
cipitates, but  for  crystallising  substances  from  syruyy  mother-liquors*  Both  the 
mercurial  and  water  air-pumps  may  become  of  great  use  in  the  arts,  where  a  ready 
and  perfect  means  of  exlmustion  may  be  needed. 

(For  transition  of  Bunsen's  paper  on  filtration  with  the  filter-pump,  see  'Fhilo- 
so^ical  Magazine,'  Jan.  1869,  p.  1.) 

The  following  form  of  spirator,  devised  by  Professor  €hithrie,  will  be  found  useful 
in  establishing  a  current  of  air  for  an  indefinite  length  of  time,  by  means  of  a  con- 
tinuous current  of  water.  It  may  be  employed  either  as  aspirator  in  drawing,  or  as 
expirator  in  forcing  air  through  an  apparatus.  Its  action  will  be  readily  understood 
by  referring  to  the  accompanying  diagram  (fy,  97.). 

▲  is  a  wide-mouthed  12-ounce  bottle,  w^ose  bottom  is  covered  with  a  few  milli- 
metres of  mercury,  m.  Through  its  well-fitting  cork,  c,  four  holes  are  bored.  Into 
the  first  of  these,  the  wide  tube  open  at  both  ends,  ff,  is  fitted,  so  that  its  lower 
end  is  a  little  above  the  mercury,  m.  The  upper  end  of  ff  is  provided  with  a  cork, 
through  which  the  syphon-tube  /passes.  In  the  second  hole  of  c  the  bent  tube  h  is 
fixed,  in  such  a  manner  that  its  lower  end  dips  beneath  the  surface  of  the  mercury,  m. 
Through  the  third  hole  of  the  cork  c,  a  straight  tube,  c,  is  passed,  whose  office  is 
to  convey  water  into  the  bottle,  ▲ ;  the  lower  end  of  c  is  a  little  above  the  mercury, «». 
Through  the  fourth  hole  in  c  a  narrow  tube,  e,  is  fastened,  whose  longer  -exterior 
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limb  dips  under  the  surface  of  the  mercury,  n^  in  the  tube  b.  b  is  a  small  test-tube, 
widened  at  the  bottom  in  three  directions,  and  containing  a  few  millimetres  in  depth 
of  mercury,  n.  It  is  feistened  with  sealing-wax  to  a,  and  is  provided  with  a  cork, 
the  one  orifice  of  which  admits  the,  tube  e ;  through  the  other  passes  the  bent 
tube<f. 

The  lower  extremity  of  the  tube  /  being  placed  far  down  a  sink,  and  a  gradual 
stream  of  water  being  allowed  to  enter  by  c,  as  indicated  by  (1),  the  water  in  a.  rises 
(2),  the  air  is  driyen  out  of  A  (3),  bubbles  through  the  mercury,  n,  and  passes  by  d 
(4),  through  the  apparatus  employed.  During  this  filling  of  a  with  water,  the  mer- 
cury, mf  prevents  the  retrograde  flux  of  water  through  h.    After  ▲  is  filled,  the  water 

07 


rises  in  the  tubes/  and  e  until  it  roaches  the  top  of/,  when  this  tube  acts  as  a  syphon 
(5'),  and  being  wider  than  the  ingress  tube  c,  gradually  empties  the  bottle  A  (6).  To 
supply  the  place  of  this  -water,  the  nir  must  enter  by  h  (7'),  and  may  thus  be  drawn 
through  the  apparatus  in  use,  while  the  mercury  fi,  in  b,  prevents  the  regression  of 
the  air  through  r. 

The  instrument  has  of  course  a  simpler  form  when  required  to  act  only  as  an 
aspirator,  for  then  the  tube  b  and  its  appendages  may  be  dispensed  with. 

When  an  increaseil  resistance  has  to  be  overcome  (the  instrument  being  used  either 
as  aspirator  or  as  expirntor),  the  tube /is  drawn  further  out  of  the  tube  ^. 

This  form  of  spirator  has  been  found  to  be  certain  in  its  action  ;  for  with  a  con- 
tinuous stream  of  water,  the  volume  of  air  which  passes  through  is  in  definite  pro- 
portion to  the  volume  of  water  employed ;  and,  indeed,  the  slower  stream  of  water 
the  more  nearly  equal  are  these  volumes,  for  in  this  case  the  amount  of  water  passing 
through  e  during  the  action  of  the  syphon/,  is  inconsiderable. 

ASBA  gurriIIA«  (Assus,  dned ;  fatidus,  fetid.)  A  fetid  gum-rosin  obtained 
from  the  root  of  the  Northex  AssqfoUida,  and  probably  from  some  other  species  belong- 
ing to  the  UfnbeU\fera. 

JkWMikWii'Wf    {Assare,  to  roast ;  Amarus,  bitter.)    A  name  given  to  the  bitter 
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substance  produced  wLen  gum,  sugar,  starch,  or  bread  are  roasted  until  they  turn 

brown.    See  Carahsl.  

ASSAT.  {Estait  Fr.,  Probe,  Gor.)  A88ATZWO.  (DocifHome,  Fr.,  Probirkmst, 
Ger.)  Assaying  is  the  art  of  estimating  the  proportion  of  metals  in  minerals,  ores, 
metallurgical  products,  and  various  alloys  used  for  monetary  and  other  purposes. 
It  is  generally  regarded  as  a  branch  of  metallurgy,  and  should  occupy  an  important 
place  in  metallurgical  instruction.  A  knowledge  of  chemistry  is  essential  to  a  correct 
understanding  of  the  nature  of  the  operations,  and  of  the  reactions  which  occnr  in 
tiie  various  assay-processes.  To  the  practical  metallurgist  it  is  essential  that  the  ores 
under  treatment  at  smelting  works  should  be  submitted  to  assay,  to  afford  a  clear 
indication  of  the  quantity  of  metal  obtainable,  and  that  the  products  of  f^irnaces,  &c., 
obtained  at  various  stages  of  the  operations  should  also  be  tested,  so  as  to  exercise  a 
salutary  control  over  the  working  of  the  various  processes.  To  ther  miner,  also,  it  is 
indispensable  to  have  the  various  parcels  of  ore  submitted  to  assay,  to  ascertain  their 
economical  value.  Assaying  may  likewise  be  advantageously  employed  to  test  the 
working  canabilities  of  dressing  machinery,  or  to  control  the  dressing  processes.  It 
is  also  of  the  utmost  importance  that  the  alloys  employed  for  monetary  and  other 
purposes  should  be  submitted  to  careftil  and  exact  assay,  to  ascertain  that  they  are 
of  the  correct  standard,  and  to  prevent  fraud.  To  the  colonist  and  explorer,  a  know- 
ledge of  assaying  would  often  prove  of  groat  service,  in  enabling  them  to  ascer- 
tain the  nature  and  economical  value  of  metalliferous  minerals,  or  ores  which  they 
may  discover.  Assaying  has  been  practised  for  many  generations;  formerly  the 
assays  were  made  by  uie  agency  of  fire,  and  were,  more  or  less,  but  mimature 
smelting  processes.  Since  the  study  of  chemistry  has  advanced,  and  within  com- 
paratively recent  times,  other  methods  by  the  use  of  liquid  reagents  have  been  intro- 
duced. The  various  methods  of  assaying,  exclusive  of  those  made  by  the  blowpipe, 
are,  therefore,  conveniently  divided  into  (1)  assays  by  the  dry  way,  (2)  assays  oy 
the  wet  way. 

1.  Assays  by  the  Dry  Way, — Those  assays  are  made  by  the  agency  of  fire,  by 
fusion  of  the  ores  or  other  substances,  with  or  without  the  addition  of  appropriate 
fiuxes  and  reagents  in  crucibles  or  other  suitable  vessels  of  iron,  day,  or  black-lead ; 
the  reouisite  temperature-  being  obtained  in  an  airfurtutce,  muffle-fwrnaee,  or  small 
blast'fumace, 

2.  Assays  by  the  Wet  Way. — ^These  assays  are  made  by  the  agency  of  water, 
or  liquid  reagents. 

1.  By  volumetric  methods. 

2.  By  analysis. 

3.  By  mechanical  means. 

1.  The  Volumetric  Methods  of  assay  are  of  comparatively  recent  introduction. 
These  assays  are  made  by  the  use  of  standard  solutions  of  known  strength,  supplied 
from  graduated  vessels,  as  burettes,  alkalimeters,  or  pipettes;  unfortunately  only 
a  few  of  the  numerous  volumetric  methods  which  are  known  can  be  applied  practi- 
cally for  the  purposes  of  assaying,  as  they  are  not  sufficiently  reliable,  consume  too 
mudi  time,  or  do  not  work  wiUi  the  requisite  degree  of  accuracy. 

2.  Analysis, — The  methods  of  assay  by  analysis  are  only  used  when  other  methods 
are  not  available^  or  in  special  cases. 

8.  Mechanical  Methods. — These  assays  consist  in  the  separation,  by  the  agency  of 
water,  of  the  substances  associated  or  occurring  with  metalliferous  min^als  and 
ores,  and  are  performed  by  hand-washing  on  a  vanninC'Shovel,  or  in  a  wasktmy-bowl 
of  wood  or  motaL  A  known  quantity  of  the  pulverised  ore  is  put  on  a  shovel,  or  in 
a  bowl  with  water,  and  by  certain  rotary  and  other  movements,  to  be  acquired  only 
^  practice,  the  lighter  substances  are  separated  from  those  of  greater  specific  gravity. 
Tjie  vanning-shovel  is  usually  employed  for  tin  ores,  and  the  washing-bowl,  or  tm 
dish,  for  gold  ores.    Washing  may  also  be  practised  to  ascertain  the  nature  and  pro- 

fortion  of  certain  minerals,  as  galena,  iron  pjrrites,  &c  present  in  samples  of  ores, 
t  may  likewise  be  had  recourse  to  for  asoertaininff  the  proportion  of  metallic  grains 
present  in  slags  or  other  f^imace-products,  aiul  idiich  may  be  afterwards  extracted 
from  them  by  stampng  and  washing  on  the  large  scale. 

EXFLiKATIOK  OP  TbRXS  XTSBD  DC  ASSATIXO  (bT  THB  BbT  MeTHOD). 

Fwwm.-— Rendering  fluid  by  the  aid  of  heat.  The  term  fritting,  or  semi-fWon,  is 
applied  to  materials  which  have  softened  sufficiently  by  heat  to  become  <*emented 
together* 

Reduction. — ^When  a  metal  is  separated  from  its  compounds  by  another  agent 
it  it  said  to  be  redmosd,  and  the  operation  is  called  reduction.    Thus  the  reduction  of 
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gftlona  occurs  vhen  it  is  heated  with  iron,  the  prodncts  being  metallic  lead  and  ihil- 
phide  of  iron ;  tho  iron  in  this  instance  is  called  the  reducing  agent.  When  a  metalb'c 
oxide  passetf  £rom  a  higher  Co  a  lower  state  of  oxidation,  it  is  also  said  to  be  re- 
duced. 

Cdcinationi  Boasting, -—yDiBTi  a  powdered  substance  is  exposed  to  the  oxidising 
action  of  heat  and  air,  in  order  to  expel  the  sulphur,  arsenic,  carbonic  acid,  and  other 
matters,  the  jffocesa  is  called  roasting,  or  calcination.  If  it  is  continued  until  practi- 
calljr  complete,  it  is  said  to  be  roasted  sweet  or  dead.  Accidental  softening  of  the 
parddes,  so  that  thoj  cohere,  is  called  dotting, 

8corifieatiaH*^A  roasting-fusion  process,  emplonred  in  assaying  silyer  ores. 

Cfw^dlation. — An  oxidising-fusion  process  conducted  on  a  porous  yesscl  called  a 
eupel,  used  in  silyer  assaying. 

Distillaiion, — ^When  a  metal  is  yolatilised  by  heat,  and  afterwards  condensed  in  the 
liquid  form,  the  process  is  called  dietilkUion,  The  term  sublimation  is  applied  when 
condensation  occurs  in  the  solid  state. 

Lifuation. — ^When  an  ore  or  other  substance,  part  of  which  is  fHisible  and  the  other 
infiisible,  or  fosible  at  a  higher  temperature,  is  exposed  to  a  temperature  sufficient  to 
melt  one  portion  and  not  the  other,  tho  f^ised  product  is  said  to  be  Uquatcd,  and  tho 
operation  is  named  liquation.  For  example,  when  sulphide  of  antimony  is  liquated 
out  £rom  associated  yeiuHBtuffi 

Flux, — The  substance  ^hich  is  added  to  another  to  render  it  fosible  by  the  applica- 
tion of  heat,  is  called  a  flux.  Thus  protoxide  of  lead  or  litharge  is  a  flux  for  silica, 
the  meltedproduct  being  silicate  of  protoxide  of  lead. 

Slag, — The  product  resulting  from  the  fusion  of  an  ore  or  other  substenoe,  which 
floate  on  the  top  of  the  metel,  regulus,  or  speiss.  Those  obtained  in  assay  processes 
are  yery  yariable  in  composition,  such  as  silicates,  boro-silicates,  metallic  alkaline 
sulphides,  metallic  oxides,  fluo-silicates,  &c 

6egulus, — A  compound  of  one  or  more  metels  with  sulphur. 

Bpeisi, — ^A  compound  of  one  or  more  metals  with  arsenic 

Button  of  Metal, — The  metal,  or  alloy,  the  residt  of  assay,  which  is  found  at  the 
bottom  of  the  crucible  or  ingot  mould,  aiter  cooling.  The  small  more  or  less  rounded 
metallic  particles  are  called  ehotSt  or  globuleSf  or  pills. 

Fot  an  explanation  of  the  terms  used  in  tho  wet  way,  such  as  filtration,  fredpita* 
tkn^  &Cn  the  reader  is  referred  to  works  on  chemical  analysis. 

FVRKACBS,  iMPLKMBZrrs,  APPARATUS,  &C.  USED  IK  ASSATINO. 

Fwmaces, — They  are  of  three  kinds.  For  a  description  of  an  air-furnace,  see 
CoFPBB ;  of  a  cupellationfumacey  see  SiLysB ;  of  a  small  blaet-fumace,  see  Ibok. 

Crucibles, — Open-mouthed  vessels  of  clay,  iron,  or  black-lead.  Clay  crucibles 
should  be  well  dried  before  use.  When  a  crucible  is  charged  witii  the  assay  mixttire, 
it  should  not  be  more  than  ftom  \  to  |rds  full.    The  following  may  be  noticed : — 

Cornish  Crucibles. — These  crucibles  are  the  best  for  general  assay  purposes,  as 
they  withstend  great  and  sudden  alternations  of  temperature  without  cracking.  They 
also  resist  fairly  the  corrosiye  action  of  fluxes,  and  although  they  soften  when  exposed 
to  extreme  temperatures,  yet  iron  assays  can  be  made  in  them,  provided  the  precau- 
tion be  token  of  lowering  the  temperature  somewhat,  so  that  they  become  firm  before 
remoyal  £rom  the  f^imace.  They  are  gre^sh-whito,  coarse  in  grain,  and  composed 
chiefly  of  silica.  They  are  generally  sold  in  neste  of  two,  and  sometimes  three,  each 
as  used  by  copper  assayers.  The  larger  size  are  3  inches  diameter  at  top,  and  3| 
inches  high,  outside  moasuro.    They  may  now  be  obtained  of  yaiious  shapes  and 


Hessian  Crucibles. — These  crucibles,  when  genuine,  have  nearly  the  same  qualities 
as  Cornish  pots,  to  which  they  approximate  in  composition.  They  are  reddish-brown 
in  colour,  genenilly  triangular  at  the  top,  and  are  sold  in  nests  of  six  crucibles,  which 
fit  successively  into  each  other. 

London  Crucibles, — These  pote  vary  somewhat  in  shape  and  quality.  They  are 
light  reddish-brown  in  colour,  close  in  grain,  and  have  a  smooth  surface.  They 
resist  the  corrosive  action  of  litharge  and  fluxes  very  well,  but  require  care  in  using 
to  prevent  cracking.  They  resist  nigh  temperatures  well  enough  to  bo  employed  in 
assaying  iron  ores.  Crucibles  known  as  *  skittle  pots,'  and  made  of  the  same  materials 
as  Ix>ndon  crucibles,  are  still  used  by  some  assayers.  They  arc  deep,  drawn  in  to- 
wards the  top,  to  allow  of  plenty  of  room  for  ef^rvescence  during  fusion,  especiidly 
when  undried  materials  are  used. 

French  Crucibles, — These  crucibles  have  a  greyish-white  or  cream  colour,  are 
thin,  firm,  very  perfect  in  form,  and  smooth  externally.  They  withstand  the  hi^est 
temperature  of  ordinary  furnaces,  and  resist  well  the  action  of  fluxes.     They 
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are  more  ezpensire  than  other  varioties  of  claj  cracibles.  The  so-called  wMie 
fluxing  pots  made  in  London  of  French  fire-day  have  the  same  shape,  bnt  are  rather 
thicker  than  the  true  French  crucibles.  They  also  answer  very  well  for  assay 
purposes. 

mack-lead,  or  Plumbago  Crucibles, — These  pots  are  made  of  a  mixture  of  plum- 
bago and  fire-day.  The  best  varietios  withstand  sudden  alternations  of  tempera* 
tures;  resist  the  highest  temperatures  without  softening  or  cracking,  but  th^ 
slowly  bum  away  externally  by  repeated  use.  They  are  employed  in  iron  and  tin 
assaying. 

Iron  Crucibles, — ^Wrought-iron  pots  of  various  sizes  and  shapes  are  used  in  lead 
assaying.  Those  made  out  of  one  piece  of  iron,  without  a  weld,  are  preferable ;  but 
they  cost  more  than  those  made  from  boiler-plate,  or  iron-tubing  by  hammering  and 
welding. 

Por^lain  Cruciblea, — ^These  crudbles  are  made  of  various  sizes  and  shapes.  They 
are  chiefly  used  in  assays  by  analysis. 

Boastina  Dishes. — ^Flat,  shallow,  thin  circular  vessels  of  fire-da^  of  various  sizes, 
used  for  the  caldnation  of  ores,  &c,  in  mufSes.  The  most  useful  sizes  vary  from  2  to 
3  inches  in  diameter,  and  from  }  to  f  of  an  inch  in  depth,  inside  measure. 

Bcorifiers. — Cup-shaped  vessels  of  fire-clay  used  in  assa^ng  silver  ores;  they 
should  withstand  sudden  alternations  of  temperature,  and  resist*  the  corrosive  action 
of  litharge  and  metallic  oxides.  Those  commonlv  used  are  from  1{  to  2{  inches 
diameter  at  top,  and  from  §  to  }  of  an  inch  in  depth,  inside  measure. 

Cupels, — Small  circular  vessels,  having  a  shallow  hemispherical  cavity.  They  are 
gjenendly  made  of  bone-ash,  or  other  material  which  is  porous,  and  resists  the  corro- 
sive action  of  litharge  at  the  required  temperature.  They  vary  from  \  inch  to  2 
inches  in  diameter,  according  to  circumstances. 

Tongs,  Scoops,  Stirring  Bods,  Jngot  Moulds,  ^, — ^For  a  description  of  these  imple- 
ments, see  the  assays  of  the  various  metals. 

Bo/onoM.— For  general  assay  purposes,  three  kinds  of  balances  will  suffice.  (1.) 
To  cany  500  grains,  and  turn  with  j^th  of  a  grain :  this  may  be  used  for  gold  and 
silver  assays,  and  for  all  purposes  of  exact  weighing.  (2.)  To  cany  1000  grains,  and 
turn  with  from  ^jth  to  j^  of  a  grain.  This  will  be  found  suitable  for  the  dry  assay 
of  copper,  tin,  lead,  &c  (3.)  To  carry  10,000  grains,  and  turn  with  Ath  to  4^  of 
a  grain.  Used  for  weighing  out  fluxes  and  other  substances.  In  spedal  branches  of 
assaying,  where  a  largo  number  of  assays  of  the  same  kind  have  to  be  made,  it  is  de- 
sirable to  have  balances  constructed  suitable  for  that  sj^flc  work. 

Weights, — ^For  general  assay  puarposes  the  grain  weights  divided  on  the  dedmal 
system  are  most  convenient  Special  weights  are  used  by  tin  assayers,  copper  as- 
sayers,  bullion  assayers,  and  others,  to  fadlitate  calculation.  These  will  be  noticed 
uiKler  the  respective  metals  when  necessary. 

Burettes,  pipettes,  and  any  spedal  apparatus  employed  in  wet  assays,  or  otherwise, 
will  be  described  under  the  assays  of  the  several  metals,  when  necessary. 

FlUXKS,   BbIOBITTS,  A2n>  OTHEfi  SVBSTAKCBS  USED  Of  AsSATIKG. 

They  should  be  kept  in  covered  earthenware  jars,  or  in  a  covered  long  rectangular 
wooden  box  divided  into  compartments ;  all  fluxes,  when  practicable,  should  be  used 
in  the  dry  state.    Those  employed  in  the  dry  way  may  be  classified  as  follows : — 

FLtTXBS.  Carbonate  of  Soda,  dried, — Crystallised  carbonate  of  soda  contains  about 
63  per  cent  of  water,  which  it  loses  on  heating.  Bicarbonate  of  soda  is  a  convenient 
substitute.  Carbonate  of  potash  may  also  bo  used  instead.  The  alkaline  carbonates 
form  fusible  compounds  with  silica,  &c " 

Borax  or  Biborate  of  Soda,  dried  or  calcined, — Crystallised  borax  contains  about 
47  per  cent  of  water;  when  heated  it  loses  this  water,  and  swells  up  to  a 
very  light  bulky  mass,  which  is  dried  or  calcined  b<»ax.  If  the  temperature  is  in- 
creased, it  melts  into  a  dear,  colourless  liquid,  which  on  cooling  constitutes  glass  cf 
borax.  It  forms  fusible  compounds  with  earthy  and  metallic  oxides,  as  lime,  oxide 
of  iron,  &c 

Glass, — ^White  glass,  free  from  oxide  of  lead,  such  as  plate-glass  or  window-glass, 
is  suitable  for  some  purposes.  Green  bottle-glass  may  also  be  used  where  the  presence 
of  oxido  of  iron  is  not  objectionable.  It  serves  to  increase  the  frisibiUty  of  earthy 
silicates,  &c,  and  in  some  cases  as  a  substitute  for  borax. 

iSiJica.— White  sand,  or  powdered  quartz ;  it  serves  as  a  flux  for  oxides  of  iitm,  lime, 
&c 

HuoT  SIpar,  Fluor,  or  Fluoride  of  Calcium,— It  should  be  selected  free  from  galena, 
copper  pyrites,  and  other  minerals.  It  forms  very  ftisible  compoundi  with  stilphate 
of  baryta,  sulphate  of  lime,  phosphate  of  lime,  silica,  &e. 
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China  day,  KaoUn,  ta  Hydrated  Silicate  of  Alumina.—Wien  pui?e  it  contains 
about  12  per  cent,  of  water.  It  can  be  deprived  of  tbis  water  by  heating  the  powdered 
cla J  to  a  strong  xed  heat  Fire-days  and  shale  are  sometimes  used  as  substitatcs 
for  china  clay. 

Xmm.— Unslaked  lime  is  preferable.  It  forms  fusible  c<Hnpoands  with  silica,  sili- 
cates of  alumina,  &c. 

Litkargey  or  Protoxide  of  Lead, — It  forms  fusible  compounds  with  silica,  and  earthy 
and  metaJlic  oxides,  &c  Bed  lead,  or  white  lead,  or  carbonate  of  lead  may  also  bo 
employed. 

Ortt2M<//rofi.— Haematite,  or  iron-scale,  maybe  used  as  ^  flux,  for  silica,  and 
difficultly  fusible  silicates,  &e. 

Black  Stux  may  be  practically  regarded  as  a  mixture  of  carbonate  of  potash  and 
charcoaL  It  is  prepared  as  follows :  1  part  of  nitre,  and  from  2  to  3  parts  of  tartar, 
by  weight  are  mixed,  and  deflagrated  by  stirring  with  a  hot  iron  rod  until  action 
ceases,  or  by  projecting  portions  of  the  mixture  from  time  to  time  into  a  hot  crucible. 
The  product  is  reduced  to  powder  and  kept  in  a  doselv  covered  jar,  as  it  is  liable  to 
absorb  moisture  mpidlv.  The  quantity  of  carbon  in  the  product  varies  with  the  pro* 
portion  and  purity  of  the  tartar,  or  aigol,  employed.  Veiy  convenient  substitutes  are 
now  used  by  mixing  carbonate  of  soda  with  from  6  to  10  per  cent  of  charcoal  powder, 
or  with  larger  proportions  of  tartar,  starch,  or  flour. 

WhUe  Flux  IS  essentially  carbonate  of  potash.  It  is  prepared  in  the  same  way  as 
black  flux,  by  deflagrating  a  mixture  of  equal  parts  by  weight  of  nitre  and  tartar. 
The  nitric  add  of  Ae  nitre  converts  the  carbon  of  the  tartaric  add  in  the  so-called 
bi-tartiate  of  potash  into  carbonic  add,  which  combines  with  the  alkali,  and  carbonate 
of  potash  is  formed. 

B^iMg  Flux  is  a  varietv  of  white  flux,  generally  made  in  a  similar  manner,  with 
salt  intermixed.    It  is  used  by  copper-assayers  for  reflning  impure  copper. 

Kn>T7CDro  Aoeicts.  Charcoal  Powder, — Coke  dust  and  culm  or  anthradto  powder, 
are  also  used  for  some  purposes,  as  they  bum  away  less  rapidly  than  charcoal  powder. 

Tartar, — Cream  of  tartar,  known  in  the  crude  state  as  red  argol  and  white  argdl^ 
and  when  purifled,  as  bitartrate  of  potash.  Starch  and  flour  form  convenient  sub- 
stitutes. 

Cyanide  of  Potassium, — Two  varieties  arc  used,  one  known  as  yold  cyanide,  and  the 
other  common,  which  contains  a  laige  amount  of  carbonate  of  potash.  As  cyanide  of 
potassi^^n  has  little  fluxing  power,  for  some  purposes  the  latter  variety  is  preferable, 
as  the  carbonate  of  potash  forms  Aisiblo  compounds  with  silica,  &c 

Iron, — Wronght-iron  in  the  form  of  iron  nails,  iron  rod,  or  hoop-iron. 

OziDisiNO  Aoionrs.  Atmoepheric  Air. — This  is  the  diief  agent  which  acts  in 
roasting  processes,  in  removing  sulphur,  as  sulphurous  add,  &c 

Hitre,  or  Nitrate  of  Potash, — ^It  is  an  anhydrous  salt  &nd  acts  as  a  powerful  oxidising 
agent  on  account  of  the  large  proportion  of  oxygen-  which  it  contains.  Nitrate  of 
soda  may  also  be  used. 

Litharge.    Bed  Lead, — These  are  also  used  for  oxidising  sulphur,  &c. 

8aU,  or  Chloride  <f  Sodimn. — ^It  acts  as  an  oxidising  agent  upon  metallic  copper. 
By  some  assayers  it  is  used  in  nearly  every  dry  assay  process,  to  top-up  with,  or 
cover  the  other  ingredients.  On  account  of  its  easy  fusibiUty  and  comparatively  low 
spedflc  gravity,  it  floats  on  the  top  of  the  products  of  fudon,  and  allays  efiervescenco 
or  ebullition  when  fused.  It  also  acts  as  a  lubricator  to  the  interior  of  the  crucibles, 
and  enables  the  partides  of  matter  to  run  down  more  fredy.  However,  it  can  readily 
be  dispensed  wiu,  and  as  in  most  cases  its  use  injuriously  afibcts  the  result  of  the 
assay  methods,  it  is  not  advisable  to  employ  it 

SuLPHiiJUSDro  AoBKTS,  used  for  forming  metallic  sulphides,  or  regulus.  Sulphur, — 
Plowers  of  sulphur  or  powdered  brimstone  may  be  used. 

Iron  Pyrites. — ^For  some  purposes  it  should  be  sded^ed^ree  from  copper. 

Sidpmde  of  Iron, — ^Made  by  heating  iron  and  sulphur  together,  or  by  fusing  iron 
pyrites  with  hoop-iron« 

BBSurPEUBisDfO  AoBMTS,  used  for  the  removal  of  sulphur  by  forming  other  sul- 
phides, or  by  oxidation  into  sulphurous  add.  >ofi.— Hoop-iron,  thin  bar-iron,  iron 
rod,  or  nails,  may  be  used. 

Cyanide  of  Potassium. 

Carbonate  of  Soda,  dried,  or  bicarbonate  of  soda. 

Litharge  or  Bed  Lead. 

AssRNicisiHO  AcnoiTS,  used  for  forming  metallic  arsenides  or  spoiss.  Arsenic, 
metallic 

Arsemous  Acid,  in  admixture  with  carbon. 

BiABaoncisnfo  Agbnts,  used  for  the  removal  of  arsenic  as  a  spelss,  or  by  oxidation. 
iron,  hoop-iron,  &c 
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Atmospkeric  Air,  in  poestang. 
Nitre,  xpf  conrersion  into  arsenate  of  potash. 

GoLLBCTiifci  Agbhtb,  used  for  collecting  or  dissolTing  goW  and  silyer  in  an  asss  j. 
Lead,  granulated. 
lAtharge,  or  galena,  which  yields  lead  when  heated  with  carbon  or  iron  respectiyely. 
Mercwry.  . 

EbAOBHTS,  &C.,  BMFLOTB)  DC  THE  WbT  WaT, 

SoLTBNTs,  or  agents  nsed  in  dissolving  varions  substances. — NUrie  Acid,  Hydro- 
chloric Acid,    Sulphuric  Acid, 

KnDuciNo  AoBKTs,  or  substances  used  to  reduce  a  metallic  compound  in  solution  to 
u  lower  state  of  combination.    Zinc,  granulated.— That  in  the  form  of  been  shot, 
obtained  by  pouring  the  metal  into  hot  water,  ia  preferable. 
SulpkUe  of  8oda.    Protochloride  of  Ttn. 

l^BTAiuc  Pbbcipitakts.  Zinc,  in  form  of  sheet  irtm.— Wrongfat-iron,  in  form  of 
thin  clean  sheet,  or  round  or  flat  bar.    Protockloride  qf  71ft. 

Sfbcial  Bbaobmts,  as  permanganate  of  potash,  sulphide  of  sodium,  iodide  of  potas- 
sium, &c,  will  be  noticed  when  necessary. 
For  the  methods  of  assaying  the  Tarious  metals,  see  Cofpbb,  Lbad,  Qold,  &c — ^R.S. 
ASTJnUA.  (Stxirstone),    The  name  first  used  by  Pliny  to  denote  those 
98        rarioties  of  sapphire  which  display  direrging  rays  ci  Hg^t. 
\/A     .  AMTMJkMkAltm    An  ornamental  moulding,  generally  used  to  conceal  a 
^^ —        junction  in  either  wood  or  stone. 

JLUTRAUAX,   V&AVaS.    Planes  fitted  with  cutters  for  filming 
astragal  mouldings.    They  are  commonly  known  as  moQlding-phinee. 
ASTBAOJUb  TOO&9  for  turning.   By  uning  a  tool  sha^d  as  in/;^.  98, 
^  the  process  of  forming  a  moulding  or  ring  is  greatly  fiualitated,  as  one 

^  member  of  the  moulding  is  completed  at  one  sweep,  and  we  are  enabled  to 

repeat  it  any  number  of  times  with  exact  unifbrmi^. 

ASTKJAITB.     A   g^ass   roeemblinff  Atbktuhikb,  but  containing 
crystals  of  a  compound  of  copper,  whidi  by  reflected  li^ht  exhibit  a 
dichroic  iridescence  of  dark  red  and  greenish4>lue.    It  is  said  to  be  made 
with  80  narts  of  flint,  120  parts  of  oxide  of  lead,  72  parts  of  carbonate  of 
soda,  and  18  parts  of  anhytvous  borax.    Tc  this  are  added  24  parts  .of  scale 
oxide  of  copper,  and  1  part  of  scale  oxide  of  iron.    These  are  melted  in 
a  Hessian  crucible,  at  the  heat  o£  an  ordinary  air-ftimace,  and  left  to  cool 
slowly  without  being  moved. 
ATAOAMXTB.    A  native  oxychloride  of  copper,  originally  found  in 
tlio  desert  of  Atacama  in  Pern.    It  forms  small  rhombic  crystals,  varying  in  colour 
from  leek  to  emerald  green.    Splendid  examples  of  this  mineral  have  been  found  at 
Wallaroo,  on  Yorke  Peninsula,  and  at  Burra  Burra,  in  South  Australia. 
IkTKMBlEMM^    See  Sabdinb. 

ATMOMBTBKa  (ierfihs,  ifapour  ;  yuhpoy,  a  meaxwre.)  An  instmment  to  measure 
the  quanti^  of  water  evaporated  in  a  given  time  under  ordinary  atmoephoric 
conditions. 

ATMOgymWi  The  gaseous  envelope  surrounding  this  globe.  The  term  is 
also  applied  to  any  gaseous  body  enveloping  any  mass  of  matter. 

The  extent  of  the  earth's  atmosphere  has  not  been  determined  with  any  greet 
degree  of  accuracy.  The  height  of  the  air  above  the  surfiEuse  of  the  earth  should  vary 
with  the  increase  of  the  attractive  force  at  the  poles,  and  its  diminution  at  the 
equator,  and  the  variations  of  temptoitnre  also  aflect  the  mass,  but,  owing  to  the 
influence  of  centriftigal  force,  the  spheroidal  mass  of  air  has  a  diameter  shorter  at  Uie 
poles  than  at  the  equator.  The  volume  which  a  given  quantity  of  air  occupies 
is  directly  dependent  upon  the  pressure  to  which  it  is  subjected — and  upon  the 
temperature— so  that  the  density  diminishes  as  the  distance  &om  the  earth's  sur&oe 
increases. 

All  the  influences  having  been  carefully  examined  and  allowed  for,  calculations 
have  been  made  which  appear  to  show  that  the  atmosphere  reaches,  in  a  state  of 
density,  which  can  be  meastured,  to  the  height  of  about  45  miles.  It  may  be  assumed 
that  in  a  state  of  continually  increasing  tenuity,  it  extends  to  a  considerably  greater 
distance  from  the  earth's  surface. 

The  composition  of  the  air  has  been  determined  under  a  considerable  number  of 
conditions,  the  mean  result  being  to  show  that  it  is  a  chemical  mixture  of  about  20 
volumes  of  oxygen  and  80  volumes  of  nitrogen  (see  Watts's  *  Dictionaipr  of  Chendstr]^ ' 
for  a  ftiU  account  of  the  chemical  examinations  of  the  air.)    Garbomc  acid  exists  in 
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tlie  atmosphere  in  Tuiable  proportioiiB ;  the  mean  average  being  abont  4  volnmee  of 
carbonic  add  in  10,000  of  air.  Ammonia  and  all  the  exl^lations  from  the  earth  exist 
as  mixtures  in  the  air,  and  on  the  presence  or  absence  of  these  depends  its  healthful- 
ness  or  otherwise. 

The  following  remarks  are  from  '  Trayols  in  the  Air/  by  Mr.  James  Glaisher,  F.  R  S., 
and  as  giving  the  results  of  his  practical  experience  and  careful  observations 
made  during  ^e  numerous  balloon  ascents  by  that  gentleman,  they  have  considerable 
value : — 

*  Every  one  knows  that  the  pnsfuro  of  the  atmosphere  is  measured  by  means  of  the 
barometer.  A  column  of  air  extending  to  its  limit,  of  the  same  area  as  the  barometer 
tube,  is  balanced  by  the  column  of  mercury  in  the  tube ;  and  if  we  weigh  the  mercunr, 
we  know  the  weight  or  pressure  of  the  column  of  atmosphere  upon  that  area.  If  the 
area  of  the  barometer  tube  be  one  square  inch,  then  tms  would  toll  us  the  .pressure 
of  the  atmosphere  on  one  square  inch.  The  length  of  a  edumn  of  mercurv  thus 
balanced  by  the  atmosphere,  near  the  level  of  the  sea,  is  usually  about  80  inches, 
and  if  this  be  weighed,  it  will  be  found  to  be  nearly  15  lbs. ;  therefore  the  atmo- 
sf^ieric  pressure  on  evenr  square  inch  of  surface  is  about  15  lbs.,  just  one-half  as 
many  poiinds  as  the  number  of  inches  which  expresses  the  height  of  the  column  of 
mercury. 

*  Now,  in  ascending  into  the  air,  part  of  the  atmosphere  is  below,  and  part  above : 
the  barometer,  therefore,  has  to  balance  that  which  is  above  only,  and  will,  therefore, 
read  less. 

*  At  the  height  of  throe  miles  and  three-quarters,  the  barometer  will  read  abont  15 
inches ;  there  is,  therefore,  as  much  atmosphere  above  this  point  as  there  is  below, 
and  the  pressure  on  a  square  inch  is  7^  lbs. 

*  At  a  neight  of  between  five  and  six  miles  from  the  earth,  the  barometer-reading 
will  be  about  ton  inches ;  one-third  of  the  whole  atmosphere  is  then  above  and  two- 
thirds  beneath,  and  the  pressure  of  a  square  inch  is  reduced  to  5  lbs. 

'  The  reading  of  the  barometer  varies  with  the  altitude  at  which  it  is  observed,  and 
indicates,  by  its  increasing  or  decreasing  readings,  corresponding  changes  in  the 
pressure  of  the  atmosphere. 
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*  By  the  reading  of  the  barometer  in  the  balloon,  the  distance  from  the  earth  is  known ; 
and  if  the  balloon  be  situated  above  clouds,  or  in  a  fog,  the  reading  of  the  barometer 
indicates  the  near  approach  of  the  earth,  and  acts  as  a  warning  to  the  occupants  of 
the  car  to  prepare  accordingly.  In  addition  to  this  temporary  use,  the  readings  com- 
bined with  Uiose  of  temperature  enable  us  to  calculate  the  height  of  the  balloon  at 
every  instant  at  which  such  readings  have  been  taken. 

*  The  tem^peraiure  of  the  dew-point  also  deserves  a  few  explanatory  words. 

*  There  is  always  mixed  with  the  air  a  certain  quantity  of  water,  in  the  invisible 
shape  of  vapour,  sometimes  more,  sometimes  less,  but  there  is  a  definite  amount 
which  saturates  the  air  at  every  temperature,  though  this  amount  varies  considerably 
with  different  temperatures. 

*  A  cubic  foot  of  air  at  the  temperature  of— 

80®  is  saturated  with  2  grains  of  vapour  of  water. 
49^         tt         II  4       „  „ 

70  ,f         I,  o       ti  II 

9240      „        „  16      „ 

« The  capacity  of  air  for  moisture,  therefore,  doubles  for  every  increase  of  temperature 
of  about  20  degrees.  The  temperature  of  the  dew-point  is  the  temperature  to  which 
air  must  be  reduced  in  order  to  become  saturated  by  the  water  then  mixed  with  it ; 
or  it  is  that  temperature  to  which  any  substance,  such  as  the  bright  bulb  of  a 
hygrometer,  must  be  reduced  before  any  of  the  aqueous  vapour  present  will  lie 
deposited  as  water,  and  become  visible  as  dew.  The  temperature  at  which  this  first 
bedewiiig  or  dulling  of  bright  surfaces  takes  place  is  the  temperature  of  the  dew-point. 
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For  instance,  I  have  already  said  that  two  grains  of  water  saturate  a  cubic  foot  of  air 
at  30^ ;  if,  therefore,  the  tempomture  of  the  air  be  40^,  and  there  bo  two  ffrains  of 
moisture  in  a  cubic  foot  of  air,  then  if  the  bulb  of  the  hygrometer  be  reduced  to  30**, 
a  ring  of  dew  will  appear  on  it,  caused  by  the  deposition  of  the  water  in  the  air. 
The  determination  of  the  dew-point  at  once  tells  us,  therefore,  the  amount  of  water 
present,  and,  combined  with  the  temperature,  enables  us  to  determine  the  hygrome- 
trical  state  of  the  atmosphere. 

•  If  the  air  be  saturated  with  moisture,  the  temperature  of  the  air  and  that  of  the 
dew-point  are  alike ;  if  it  be  not  saturated,  the  temperature  of  the  dew-point  is  lower 
than  that  of  the  atmosphere ;  if  there  be  a  great  di£&rence  between  the  two  tempera- 
tures, the  air  is  dry,  and  if  this  happen  when  the  temperature  is  low,  there  is  reiy 
little  water  present  in  the  air.  By  the  careful  simultaneous  readings  of  two  thermo- 
meters, one  with  a  moistened  bulb,  and  the  other  dry,  or  by  the  use  of  a  Danieirs  or 
Beg^ault's  hygrometer,  the  amount  of  water  present  in  the  air  in  the  inyisible  shape 
of  vapour  can  be  determined,  as  well  as  the  temperature  of  the  dew-point  and  the 
degree  of  humidity. 

'  The  degree  of  humidity  qf  the  air  expresses  the  ratio  between  the  amount  of  water 
then  mixed  with  it,  and  the  greatest  amount  it  could  hold  in  solution  at  its  then 
temperature,  upon  the  supposition  that  the  saturated  air  is  represented  by  100,  and 
the  air  deprived  of  all  moisture  by  0.  Thus:  Suppose  the  water  present  to  bo 
one-half  of  the  quantity  that  could  be  present,  the  degree  of  humidity  in  Uiis  case 
will  be  60.  If  the  air  were  at  the  temperature  of  80**,  and  there  were  two  grains  of 
moisture  in  the  air,  it  would  be  saturated,  and  the  degree  of  humidity  would  be  100. 
If  there  were  one  grain,  that  is,  one-half  of  the  whole  quantity  that  could  be 
present,  the  air  would  be  one-half  saturated,  and  the  degree  of  humidity  would  be 
represented  by  60. 
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The  air  is  saturated  and  the 
degree  of  humidity  is  100. 


•But  at  49°   with  2  grains  of  moistnro    T        Tho  air  is  one-half  saturated, 
"      ioio    "    o      "  "  (  and  tho  degree  of  humidity  is  60.' 

ATOM,    (it,  not ;  T^ftiw,  I  cut,)    An  indivisible  particle. 

With  few  exceptions,  the  views  promulgated  by  Dr.  Dalton  are  received  by  chemists. 
They  may  be  thus  expressed :  All  elementaiy  bodies  are  formed  of  individual  atoms, 
the  different  species  of  which  unite,  generally  by  twos,  in  a  small  number  of  groups, 
constituting  compound  atoms  of  the  first  order,  always  mechanically  indivisible,  but 
chemically  divisible,  and,  in  their  turn,  constituting  all  the  other  orders  of  composition 
by  a  series  of  analogous  combinations. 

We  are  not  enabled  by  direct  experiment  to  determine  the  condition  of  an^  ultimate 
atom  of  matter;  but  the  results  furnished  by  chemical  science  clearly  point  to  the 
existence  of  elementary  units,  from  which  all  the  infinite  varieties  of  matter  are 
formed.  Sir  Isaac  Newton  thus  expresses  himself : — '  All  things  considered,  it  seems 
probable  that  God,  in  the  beginmng,  formed  matter  in  solid,  massy,  hard,  impene- 
trable, movable  particles,  of  such  sizes,  figures,  and  with  such  other  properties,  and 
in  such  proportions  to  space,  as  most  conduced  to  the  end  for  which  He  formed  them ; 
and  that  these  primitive  particles,  being  solids,  are  incomparably  harder  than  any 
porous  bodies  compounded  of  them;  even  so  hard  as  never  to  wear  or  break  to 
pieces ;  no  ordinary  power  being  able  to  divide  what  God  Himself  made  one  in  the 
first  creation.  While  the  particles  continue  entire,  they  may  compose  bodies  of  one 
and  the  same  nature  and  texture  in  all  ages ;  but  should  they  wear  away,  or  break  in 
pieces,  the  nature  of  things  depending  on  them  would  bo  changed.  Water  and  earth 
composed  of  old  worn  particles  would  not  be  of  the  same  nature  and  texture  now 
with  water  and  earth  composed  of  entire  particles  at  the  beginning.  And  therefore, 
that  nature  may  be  lasting,  the  changes  of  corporeal  things  are  to  be  placed  only  in 
various  separations,  and  new  associations,  and  motions  of  these  permanent  particles ; 
compound  bodies  being  apt  to  break,  not  in  the  midst  of  solid  particles,  but  whore 
those  particles  are  laid  together  and  touch  in  a  few  points,''— Horslet/'s  Newton, 

Witn  the  metaphysical  theories,  which  would  lead  us  to  regard  aU  matter  as  mere 
accumulations  of  force,  it  would  not  be  proper  at  present  to  deal. 

Experimental  philosophy  has  proved  to  us  that  the  conditions  of  matter  are  deter- 
minea  hy  certain  polar-attractive  forces ;  and  that  these  are  opposed  or  balanced  by 
heatt  electricity,  ana  the  force  which  relates  chemical  combination.    Cossequentlyf 
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•TOiy  ultimate  atom  of  matter  maj  bo  regarded  as  the  centre  of  such  a  set  of  physical 
forces  sarroimdixig  it  as  an  atmosphere. 

In  modem  chemistiy  an  atom  is  defined  to  be  the  smallest  particle  of  any  element 
-vrhich  can  exist  in  combination.  The  atom  is  thus  distinguished  from  the  molecule^ 
the  latter  term  being  now  applied  to  the  smallest  quantity  of  the  substance  capable 
of  existing  in  a  firee  state.  The  molecule  and  the  atom  may  coincide,  or  the  molecule 
may  be  made  up  of  two  or  more  atoms.  Thus,  an  alom  of  chlorine,  or  35*5  parts  by 
weight,  is  represented  by  the  symbol  CI,  since  this  denotes  the  smallest  quantity  of 
chlorine  capable  of  existing  in  any  of  its  compounds — hydrochloric  add  (HCl)  for 
example ;  while  the  moUeule  of  chlorine,  or  smallest  quantity  set  free  in  any  reaction, 
will  1^  represented  by  two  atoms,  or  CP. 

ATOBROITTv  or  SQVTVA&noS*  Terms  employed  by  modem  chemical 
writers  to  denote  the  combining  capacity  of  an  element,  or  a  radical,  as  determined  by 
the  number  of  atoms  of  hydn^n,  or  other  monatomic  element,  wiUi  which  it  can 
combine.  Thus  chlorine,  oxygen,  boron,  carbon,  and  phosphorus  (using  the  atomic 
weights,  Cl»35'5, 0= 16,  B » 11,  C » 12,  and  ?» 81)  may  bo  said  to  be  respectiyel^ 
monatomic,  diatomic,  triatomic,  tetratomic,  and  pentatomio  elements ;  or,  to  use  oqui- 
yalent  expressions,  tiiey  may  be  described  as  uniyalent,  bivalent,  tervalent,  quadri- 
valent, and  quinquivalent :  m  other  words,  the  elements  just  cited  may  be  termed 
respectively  a  monad,  diad,  triad,  tetrad,  and  pentad.  The  atomicity,  or  equivalence, 
is  often  indicated  by  dashes  or  by  Boman  numerals,  placed  at  the  upper  right-hand 
side  of  the  symbol ;  thus,  B"'  indicates  the  triad  boron,  P*  the  pentad  phosphorus,  and 
so  forth.  It  should  be  remembered,  however,  that  mineralogists  were  formerly  in  the 
habit  of  employing  dashes  in  this  way  to  re][»resent  so  many  atoms  of  sulphur,  just 
as  they  used,  and  still  use,  dots  placed  above  a  symbol  to  denote  so  many  atoms  of 
oxygen.  Hence,  to  a  mineralogical  reader,  such  expressions  have  now  become  am- 
biguous ;  Sb%  for  instance,  may  either  represent  torsulphide  of  antimony,  or  merely 
indicate  that  the  metal  antimony  is  a  triad. 

Elements  of  eqwd  atomicity  are  termed  ariiads ;  and  those  of  vne^iual  atomicity 
penssads.  For  a  full  discussion  of  the  modem  doctrine  of  atomicity,  see  Watts  s 
*  Dictionary  of  Chemistry,'  and  the  supplementary  volume. 

ATOmo  TBaoXT.  The  quesUon  as  to  whether  matt<3r  be  or  bo  not  infinitely 
divisible,  has  been  debated  ftom  the  earliest  times,  and  is  probably  as  far  from  a 
settlement  as  ever ;  we  can,  however,  scarcely  conceive  of  the  existence  of  matter  at 
all,  if  there  be  no  limit  to  its  divisibility.  It  is  easy  to  demonstrate  that  a  mathe- 
matical line  is  infinitely  divisible,  but  a  mathematical  line  is  only  an  ideal  thing ; 
having  only  one  dimensinn,  it  can  have  no  physical  existence.  We  have,  therefore,  no 
hesitation  in  admitting  the  existence  of  atoms  of  matter — of  particles  infinitely  smiall, 
it  is  true,  as  regoixb  our  perceptions,  far  exceeding  in  minuteness  the  finest  sub* 
(^vision  to  -which  we  can  submit  a  body,  but  yet  incapable  of  further  subdivision.  To 
such  insectible  molecules  the  term  atom  has  been  applied. 

If  we  take  any  substance  chemically  complex,  we  may  suppose  the  existence  of 
atoms  in  this  body,  held  together  by  Uie  force  of  cohesion,  which  are  themselves 
heterogeneouB,  being  made  up^  in  fact,  of  atoms  of  the  elementary  chemical  con- 
stituents. 

Dr.  Dalton  suggested  the  happy  idea,  which  has  been  most  fruitful  in  its  results,  of 
accounting  for  the  constancy  of  chemical  combinations  by  assuming  that  they  were 
composed  of  one  or  more  atoms  of  the  several  elements,  the  weight  of  which  atoms  is 
represented  by  the  combining  proportions ;  that  carbonic  oxide,  for  instance,  contains 
single  atoms  of  carbon  and  oxygon,  whilst  carbonic  acid  is  composed  of  one  atom  of 
carbon  and  two  of  oxygen. 

It  must  always  be  remembered  that  the  combining  proportions  aro  purely  the 
results  of  experiment,  and,  therefore,  incontestable,  whatever  may  be  the  fate  of  this 
theory,  which,  however,  has  now  stood  its  ground  for  many  years,  and  done  excellent 
service  to  science. 

This  theory  offers  a  most  satisfactory  explanation  of  the  different  laws  of  chemical 
combination. 

The  fact  of  bodies  uniting  only  in  certain  proportions,  or  multiples  of  those  pro- 
portions, is  a  necessaiy  consequence  of  the  assumption  that  the  weight  of  the 
elementary  atoms  is  represented  by  the  combining  proportions ;  for,  if  they  united  in 
any  other  ratio,  it  would  involve  the  splitting  up  of  these  atoms,  which  aro  assumed 
to  be  indivisible. 

And,  of  course,  the  combining  proportion  of  a  compound  must  be  the  sum  of  the. 
combining  proportions  of  the  constituents,  since  it  contains  within  itself  ono  or  more 
atoms  of  the  several  constituents. 

The  term  atom  is,  therefore,  yery  often  used  instead  of  combining  proportion,  a  body 
being  said  to  contain  so  many  atoms  of  its  elements* 
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All  that  is  assumed  in  tliis  theory  is,  that  the  atoms  are  of  comitantTalue  hy  weights 
the  same  atoms  may  be  arranged  in  a  different  -way,  and  hence,  although  any  par- 
ticular compound  contains  always  the  same  elements  in  the  atomic  ratios,  yet  the  same 
atoms  may,  by  difference  in  arrangement,  give  rise  to  bodies  agreeing  in  composition 
by  weight,  but  differing  essentially  in  properties.    See  Isokbrism. 

The  atomic  theory  is  further  confirmed  by  the  observation^  that  if  the  specific  lieat 
of  the  elements  be  compared,  it  is  found  that  in  a  large  number  of  cases  the  specific 
heats  of  quantities  of  the  bodies  represented  by  their  atomic  weights  cdncido  with  each 
other  in  a  remarkable  manner. 

For  a  full  examination  of  this  subject,  consult '  An  Introduction  to  the  Atomic 
Theoiy,'  by  Charles  Baubeny,  K.D. ;  and  *  Memoirs  of  John  Dalton  and  History  of 
the  Atomic  Theory,'  by  Bobcat  Angus  Smith,  Ph.  D.^ 

ATOBRO  VO&VMBS.  Of  late  years  it  has  been  assumed  that  the  elements, 
when  in  the  gaseous  state,  unite  invariably  in  equal  volumes,  or,  in  other  words,  that 
the  atoms  of  bodies  have  alwavs  the  same  volume.  If  this  doctrine  be  maintained,  it 
becomes  neccssaiy  to  alter  the  atomic  weights  oc  combining  numbers  of  certain 
elements.  For  example,  water  contains  two  volumes  of  hydrogen  to  one  of  oxygen  ; 
but,  according  to  the  old  idea,  it  consists  of  single  atoms  of  eaim  element;  it  is  clear, 
therefore,  that  if  we  are  to  assume  that  the  atoms  of  hydrogen  and  oxygen  have  the 
same  volume,  we  must  either  halve  the  atomic  weight  of  hydrogen  or  double  that  of 
oxygen. 

Irorselins  suggested  that  all  the  atomic  weights  should  remain  the  same,  except 
those  of  hydrogen,  nitrogen,  phosphorus,  chlorine,  bromine,  and  iodine,  which  should 
halve  their  present  values.  Gerhardt,  on  the  other  hand,  adopted  the  more  convenient 
practice  of  allowing  hydrogen  and  its  congeners  to  retain  their  present  atonuc  weights, 
doubling  those  of  oxygen,  sulphur,  tellurium,  and  carbon.  This  practice  has  oi  late 
years  been  extended  to  many  other  elements.    See  Axoiac  Wkights,  and  Watts's 

•  Dictionary  of  Chemistry.' 

ATomo  iinuoMTB,  ooMMiMiua  iinuoBn  or  »mO»OKTZOXS. 
The  atomic  weights  of  the  elements  represent  the  proportions  in  which  they  severally 
combine  with  each  other,  referred  to  some  standa»l  element  as  unity.  In  accordance 
with  Dalton's  atomic  theory,  explained  in  a  previous  article,  it  is  supposed  that  the 
numbers  assigned  to  the  elements  as  their  respective  combining  proportions  represent 
the  relative  weights  of  their  atoms,  and  hence  the  adoption  of  the  term  atomic  weight 
— a  term  extremely  convenient  to  retain  whatever  views  may  be  held  as  to  tlie 
ultimate  constitution  of  matter.  By  Berzelius,  oxygen  was  selected  as  the  standard 
to  which  all  atomic  weights  were  referred,  but  it  is  now  almost  universal  among 
chemists  to  take  hydrogen  as  the  standard  of  comparison,  sinca  it  is  found  that  of  all 
the  elements  hydroeen  has  the  smallest  combining  number.  It  was  believed  by 
Front  that  the  atomic  weights  of  all  substances  were  multiples  of  the  atomic  weight 
of  hydrogen,  but  it  has  been  shown  by  Stas — who  has  made  the  most  refined  experi- 
ments on  this  subject — that  the  theory  is  only  approximately  true. 

In  establishing  the  atomic  weights,  or  proportional  numbeors,  of  the  elements,  it  is 
not  onlv  necessary  to  dMermine  exactly  the  ratios  in  which  they  severally  combine — 
which  IS  merely  a  matter  of  accurate  experiment — but  also  to  interpret  these  ratios 
by  the  light  derived  from  an  extensive  range  of  physical  and  chemical  j^enomona — 
such  as  isomorphism,  specific  heat,  combining  volume  of  vapour,  and  the  like. 
Hence,  as  science  has  adi^ced,  the  necessity  has  been  recognised  by  most  chemists, 
of  altering  the  numbers  assigned  to  certain  of  the  elements  as  their  atomic  weights, 
and,  in  fact,  within  the  last  few  years  many  of  these  numbers  have  been  doubled* 
It  has,  however,  been  considered,  in  the  preparation  of  the  new  edition  of  this 
Dictionary,  that  the  convenience  of  manufiftcturers  and  others  accustomed  to  the  use  of 
the  old  atomic  weights  would  be  beet  served  by  retaining  these  familiar  figures ;  and 
hence  in  aU  cases  throughout  this  work,  unless  otherwise  stated,  the  formulsB  are 

*  Dr.  Angw  Smith,  In  his '  Memoln  of  Dalton,'  thus  gama  np  the  labooxs  of  this  deop  thinker  :— 

*  This  Dftlton  did.  He  gavo  the  first  idea  of  atom^  voeigiUt,  Under  this  bead  came  Richter  and 
Fischer's  nambers.  Biohter,  grappling  with  those  numbers,  never  could  obtain  a  rational  theoTT' 
from  the  phenomena.  Dalton's  plan  explains  these  numbers  with  the  greatest  ease,  and  looks  on 
snoh  as  aneoessityof  the  fundamental  law,  instead  of  the  beginning  of  the  inquiry,  as  it  was  to  them. 
It  seems  to  mo,  then,  that  what  hi^pened  historically  happened  also  intellectually.  Dalton  had 
included  his  predecessors  In  his  more  extensive  system.  He  had  gone  to  the  summit  of  the  hiU,  and 
when  coming  down  fbund  proofs  that  they  had  been  making  good  progress  upwards.  Biggins  had 
gone  at  once  to  the  top,  as  it  appears  to  me,  but  took  no  heed  to  make  the  needful  observations 
when  he  was  up,  or  he  found  the  prospect  entirely  obscured.  We  are  compiled  to  put  reciprocal 
proportions  in  a  secondary  position,  as  it  seems  to  me  it  cannot  be  called  a  law,  but  one  of  the  con- 
seqnenoes  of  a  law ;  and  the  evidence  brought  to  support  it,  otherwise  than  empiricallv,  pnsappoees 
some  of  the  principles  on  which  the  general  laws  depend.  It  was  Iqr  a  careful  mechanical  juxta* 
position  of  parts  that  Dalton  arrived  at  the  idea;  it  is  eminently  mechanical,  and  it  is  remarkabto  that 
aU  progresBive  views  on  the  subject  have  been  so.  He  introduced  pronorttotuU  weights  into  M«  t/k(ny, 
emd/wnd  U  to  agret  with/ads.    His  is,  therefore,  the  quantitative  atomk  theory** 
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ooDstnicted  with  tho  old  lystem  of  atomic  weights.  At  Uie  Bame  time  it  appears 
desirable  also  to  introduce  the  use  of  the  modern  atomic  weights ;  and,  therefore,  in 
almost  ereiy  chemical  expression  in  this  work  both  the  old  and  tlie  new  formuhe  are 
giren — ^the  latter  being  printed,  for  sake  of  distinction,  in  a  thick  black  type. 

In  the  foUowing  comparative  Table  the  first  eolumo  of  figures  gives  (approximately) 
the  old  combining  weights  of  the  elements,  whilst  the  second  column  gives  the 
modem  atomic  weights,  as  employed  by  the  most  advanced  chemists  of  the  present 
day.  A  glance  at  this  Table  is  therefore  sufficient  to  show  which  of  the  dements  have 
retained  their  old  atomic  weights,  and  which  have  had  thorn  doubled.  Moreover, 
it  is  easy  from  these  data  to  translate  any  of  theformule  on  the  old  system  into 
fbrmulsB  constructed  with  the  recent  values  of  the  atomic  weights.  For  example, 
in  our  article  Alcohol,  that  compound  is  said  to  be  composed  of  C^  H'  0' ;  but 
reference  to  the  Table  shows  the  atomic  weights  of  carbon  and  of  oxygen  have  been 
dtmbled,  whilst  that  of  hydrogen  remains  unaltered.  It  is,  therefore,  obviously 
neoessaiy  to  halve  the  number  of  atoms  of  carbon  and  of  oxygen  in  the  old  formula^ 
and  ooDseqaent^  the  symboUo  expression  for  alcohol,  instei^  of  being  C^  H*  0^ 
becomes  on  the  modem  system  O*  X'  O. 


Elomonta 

Symbols 

Old 
St  weights 

New 
St  weights 

Aluminium 

Al 

13-76 

27-5 

Antimony 

Sb 

122 

122 

Arsenic 

As 

75 

75 

Barium 

Ba 

68*5 

137 

Bismuth 

Bi 

210 

210 

Boron 

B 

11 

11 

Bromine 

Br 

80 

80 

Cadmium       •        .        •        .        . 

Cd 

56 

112 

Cffisium 

Cs 

133 

133 

Galdum 

Ca 

20 

40 

Carbon  ^        

C 

6 

12 

Chlorine 

CI 

35-5 

35-5 

Chromium 

Cr 

26-25 

62-5 

Cobalt 

Co 

29-5 

60 

Copper  ...... 

Cu 

31-75 

63-5 

Fluorine         ,        .        .        .        . 

F 

19 

19 

Gold 

Au 

98-5. 

197 

Hydrogen       ..... 

H 

1 

1 

Indium  •..•.. 

In 

76 

76 

I 

127 

127 

Iridium 

Ir 

08-5 

197 

Iron 

Fe 

28 

56 

Lead 

Pb 

103*5 

207 

TJthiT|in            .          •          •          •          • 

Li 

7 

7 

Magnesium 

Mg 

12 

24 

Manganese 

Mn 

27-5 

55 

M^i^num :    :    :    ;    : 

Hg 

100 

200 

Mo 

48 

96 

Kickel 

Ni 

29-5 

59 

Nitrogen        ..... 

N 

14 

14 

Osmium         .        .        •        .        . 

Os 

99-5 

199 

Faiif^uin    !     !     !     !     ! 

0 

Pd 

8 
63 

16 
106 

Phosphorus 

P 

31 

31 

Platinum 

Pt 

98-5 

197 

Potassium 

K 

39 

39 

Rubidium 

Rb 

85 

85 

Selenium 

Se 

89-75 

79-5 

Silicon    •••... 

Si 

21 

28 

Silver 

Ag 

108 

108 

Sodium 

Na 

23 

23 

Strontium 

Sr 

43-75 

87-5 

Sulphur          

Tellurium 

S 

16 

32 

Te 

64-5 

129 

Thallium 

Tl 

204 

204 

Tin 

8n 

59 

118 
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Elements 

eymbols 

Old 
at.\reighto 

New 
at.  velghU 

Titanium 

Ti 

25 

50 

Wolfram        .        ,        .        .        . 

W 

92 

184 

Uranium        ,        •        •        •        . 

U 

60 

120 

Vanadium      .        •        •        •        • 

V 

51 

61 

Zino 

Zn 

32-5 

65 

Zirooniom      •       •       •        .        . 

Zr 

44-5 

89 

The  term  *  atomic  weight  *  -was  formerly  employed  as  synonymous  with  *  chemical 
equivalent,'  but  the  ideas  inyolyed  in  the  two  terms,  as  applied  in  modem  chemistry, 
are  essentially  distinct 

Every  chemical  manufacturer  should  be  thoroughly  acquainted  with  the  combining 
ratios,  which  are,  for  the  same  two  substances,  not  only  definite,  but  often  multiple ; 
two  great  truths,  upon  which  are  founded,  not  merely  the  ratiotuUe  of  his  openUions, 
but  also  the  means  of  modifying  them  to  useful  purposes.  The  discussion  of  the 
doctrine  of  atomic  weights  belongs  to  pure  chemistry;  but  several  of  its  happiest 
applications  are  to  be  found  in  the  processes  of  art,  as  pursued  upon  the  lu^goi^t 
scale. 

The  following  propositions  may  be  regarded  as  the  laws  regulating  atomic  com- 
bination : — 

1.  The  eomhining  proportions  of  elementarv  bodies  represent  the  smallest  proportions 
in  which  they  enter  into  combination  with  each  other, 

2.  The  combining  proportion  of  a  compound  body  is  the  sum  of  the  combining  pro- 
portions of  its  elements, 

3.  Combination  takes  place,  whether  between  dements  or  compounds,  either  in  the 
proportions  of  their  combining  weights,  or  in  multiples  of  these  proportions,  and  never 
in  sub-miUtiples, 

4.  The  law  of  definite  proportion  teaches  that  individual  compounds  always  contain 
exactly  the  same  proportions  of  their  elements.  See  EauivALiurTd,  Cukmical.*  See  also 
Watts's  *  Dictionary  of  Chemistry.* 

ATHAMBJmnc.  An  old  name  for  iron-vitriol,  or  sulphate  of  iron.  A 
product  of  the  partial  oxidation  of  iron  pyrites,  which  is  sometimes  used  in  making 
ink. 

ATROVZVa,  or  BATUmiVB.  CmH"NO«  (0>-K«»0»).  An  exceedingly 
poisonous  alkaloid,  found  in  deadly  nightshade  (Atropa  Belladonna)  and  in  stramo- 
nium (Datura  Stramonium),  and  probably  in  some  other  plants.  One-sixth  of  a  irniin 
of  atropine  produces  unconsciousness  and  delirium.  To  the  freslily  prepared  extract 
of  belladonna  add  a  strong  solution  of  caustic  potash,  and  well  mix  in  a  morUir. 
Digest  the  resulting  mass  at  a  temperature  of  80^  with  benzole ;  separate  the  latter, 
and  distil  off  the  hydrocarbon  in  a  retort  on  the  water-bath.  The  residue  in  the 
retort  is  to  be  treated  with  water  acidulated  with  sulphuric  acid ;  the  acid  solution  is 
to  be  precipitated  by  carbonate  of  soda,  and  the  resulting  atropine  may  then  bo  ob- 
tained pure  by  crystallisation  from  alcohol.  Atropine  is  used  m  medicine,  ^th  of  a 
grain  being  a  full  dose,  and  it  is  applied  externally  for  producing  dilatation  of  the 
puml  of  the  eye.  The  smallest  portion  of  a  very  dilute  solution  rubbed  on  the  eyelid 
suffices  to  produce  the  result. 

ATTATiHA,  A,funifera  yields  the  coquilla  nut  much  used  in  turnery.  It  wns 
formerly  supposed  that  this  species  of  Attalea  also  yielded  the  Piassaba  fibre  u.sc<l 
in  Brazil  for  ropemaking,  and  in  this  country  for  the  manufacture  of  bast-brooms,  but 
it  is  now  known  that  the  Piassaba  fibre  is  the  produce  of  another  palm — the  Ltopt.l- 
dina  Piassaba.    See  Coquilla. 

ATTAR  or  XOSBSf  more  commonly,  OTTO  OF  X08B8.  An  essential  oil, 
obtained  in  India,  Turkey,  and  Persia,  from  some  of  the  finest  varieties  of  roses.  It 
is  procured  by  distilling  rose-leaves  with  water,  at  as  low  a  temperature  ns  p)F!^iMc>. 
It  is  said  that  this  perfume  is  prepared  also  by  exposing  the  rose-leaves  in  water  to  ' 
the  sun;  but,  from  the  fact  tnat  under  the  circumstances  fermentation  would  1h> 
speedily  established,  it  is  not  probable  that  this  is  a  mctliod  often  resorted  to.  lly 
dry  distillation  from  salt-water  baths,  no  doubt  the  finest  attar  is  obtained.  This 
essential  oil  is  only  used  as  a  perfume.  Attar  of  roses  is  adulterated  with  s^x^rmnceti 
and  with  castor-oil  dissolved  in  strong  alcohol. 

This  adulteration  may  be  detected  by  putting  a  small  drop  of  the  otto  of  roses  on  a 
piece  of  clean  writing-paper ;  by  agitation  in  the  air,  the  volatile  oil  soon  e\'aporatcs, 
(saying  no  stain  if  pure ;  if  any  fixed  oil  is  present,  a  greasy  spot  is  left  on  the  paper. 


Digitized  by  VjOOQIC 


AUTOGENOUS  SOLDERING 


273 


LTOB.  In  brewing,  the  name  of  seyexal  arrangements  doTiBod 
for  the  purpose  of  regulating  the  temperature  to  which  the  fermenting  wort  is  exposed. 
It  is  also  employed  to  regulate  the  temperature  of  malting-rooms.  Without  them  it 
is  impracticable  to  make  malt  in  the  summer  equal  to  that  made  in  winter.  In  all 
cases  either  air  or  water  is  the  attemperating  agent. 

A'l"XJl|i  CTATZOW.  Brewers  and  distillers  employ  this  term  to  signify  the  weak- 
ening of  saccharine  worts  during  fermentation,  by  the  conyersion  of  the  sugar  into 
alcohol  and  carbonic  add. 

ATT&a.  A  miner's  term  for  the  '  deads '  or  refuse-mattei  of  a  mine.  The  '  attlo* 
heap '  is  the  mine-burrow  or  rubbish-heap. 

AXTQMMm  The  auger  is  a  tool  for  boring  either  wood  or  stone.  The  eingle-lip 
auger  is  forged  as  a  half-round  bar ;  it  is  then  coiled  into  an  open  spiral,  with  the 
flat  side  outwards.  The  ordinaiy  screw  auger  is  forged ;  it  is  twisted  red-hot ;  the  end 
terminates  in  a  worm,  by  whicn  the  auger  is  gradually  drawn  into  the  work  as  in 
the  gimlet ;  and  the  two  angles,  or  lips,  are  sharpened  to  cut  at  the  extreme  ends,  and 
a  little  up  the  sides  also.  The  Jmerican  screw  av^er  has  a  cylindrical  shafts 
around  which  is  brazed  a  single  fin  or  rib ;  the  end  is  filed  into  a  worm,  as  usual, 
and  immediately  behind  the  worm  a  small  diametrical  mortice  is  formed  for  the 
re<»ption  of  a  detached  cutter,  which  exactly  resembles  the  chisel-edge  of  the  centre-bit. 

AVOZTS.  (o^y^,  hriUianojf.)  A  sub-species  of  Pyroxene.  The  name  is  con- 
fined to  the  opaque  and  fireemsn-black  yarieties,  common  in  basaltic,  doleritic,  and 
recent  yolcanic  rocks,  in  which  it  forms  an  important  constituent,  but  it  is  neyer  found 
in  granite.  It  has  a  base  of  magnesia,  lime,  protoxide  of  iron,  and  alumina.  The 
term  augite  is  often  used  by  English  gisologists  as  synonymous  with  pyroxene.  Por 
the  means  of  distinguishing  between  augite  and  hornblende — ^two  minerals  which 
often  closely  resemble  each  other — see  Hobkblbndb. 

AnfcATBS.    Crystalline  compounds  of  the  peroxide  of  gold. 

AVlfcZO  JLCZDs  (^ttfum,  ^Id.)  A  term  sometimes  used  for  the  peroxide  of  ^Id. 

AintZFSBOVS.  Contaimng  gold,  as  *  auriferous  quartz,'  *  auriferous  pyntes,' 
&e. 

AVBIVB.  A  red  colouring-matter  obtained  from  phenol,  or  carbolic  acid.  It 
appears  in  commerce  as  a  brittle  resinous  solid,  haying  a  beetle-green  lustre,  and 
yielding  a  zed  powder.    See  Cabbouo  Acid. 

AUlftUM  MUBZWM  or  MOSAZCTOIIK.  Mosaic  (}old. — ^For  the  preparation 
of  Mosaic  pold  the  following  process  is  recommended  by  Woolfe.  An  amalgam  of 
2  parts  of  tin  and  1  part  of  mercury  is  prepared  in  a  hot  crucible,  and  triturated  with 
1  part  of  sal-ammomac,  and  1  part  of  flowers  of  sulphur ;  the  mixture  is  sublimed  in 
a  glass  flask  upon  the  sand-bath.  ^  In  breaking  the  flask  after  the  operation,  the  sub- 
limate is  found  to  consist,  superficially,  of  sal-ammoniac,  then  of  a  layer  of  cinnabar, 
and  then  of  a  layer  of  mosaic  gold. 

Bergmann  mentions  a  natiye  aurum  musivum  firom  Siberia,  containing  tin,  sulphur, 
and  a  small  proportion  of  copper.  Dr.  John  Dayy  gaye  the  composition  as — tin,  100 ; 
sulphur,  56*26  ;  and  Berzelius,  as  tin,  100  ;  sulphur,  52-3. 

Mosaic  gold  is  employed  as  a  bronzing  powder  for  plaster  figures,  and  it  is  said  to 
enter  sometimes  into  the  composition  of  artificial  ayenturine. 

APSTa  ATiTnyg,  or  AuetraterebiniJtene,  A  liquid  hydrocarbon  resembling  tere- 
binthine,  obtained  by  neutralising  English  turpentine  oil  with  an  alkaline  carbonate, 
and  distilling  the  product. 

AUTOCMBiroVS  SOXABBZWCh    A  process  of  soldering  by  which  metals  are 
united,  either  by  the  ordinary  solders 
or  by  lead,  under  the  influence  of  a 
flame  of  hydrogen,  or  of  a  mixture  of 
hydrogen  and  common  air. 

The  process  of  using  air  and  hydro- 

gm  was  inyented  in  France,  by  the 
ount  de  Bichemont.  Hydrogen  ^s 
is  contained  in  a  gasometer,  to  which 
a  flexible  tube  is  connected,  and  air  is 
nrged,  from  a  bellows  worked  by  the 
foot,  through  another  tube,  and  on  to 
the  blowpipe,  where  the  hydrogen  is 
ignited.  By  means  of  the  flexible 
tubes  the  flame  can  be  moyed  up  and 
down  the  line  of  any  joint,  and  the 
connecting  medium  melted.    Fig.  99. 

This  process  has  been  a  good  deal  employed  for  plumbers*  work,  especially  in  our 
"   VoL.1.  T 
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naval  arsenalfi.  In  Devonport  dockyard,  Uie  autogenic  process  has  been  largely 
used. 

AUTOMATIC.  A  term  employed  to  designate  such  economic  arts  as  are  carried 
on  by  self-acting  machinery.  The  word  is  employed  by  the  physiologist  to  express 
involuntary  motions. 

The  term  automatic  is  now  applied  to  self-acting  machinery,  or  such  as  has  within 
itself  the  power  of  regulating  entirely  its  own  movements,  alUiough  the  moving  force 
is  derived  from  without ;  and  to  what  pertains  to  such  machinery ;  as  automaik  o'ptfo^ 
tions  or  improvements. — Webster, 

The  word  *  manufacture,'  in  its  etymological  sense,  means  any  system^  or  objects 
of  industry  executed  by  the  hands ;  but,  in  the  vicissitude  of  language,  it  has  now 
come  to  signify  every  extensive  product  of  art  which  is  made  by  machinery,  with 
little  or  no  aid  of  the  human  hand,  so  that  the  most  perfect  manufacture  is  that  which 
dispenses  entirely  with  manual  labour.  It  is  in  our  modem  cotton  and  flax  mills  that 
automatic  operations  are  displayed  to  most  advantage ;  for  there  the  elemental  power 
HsiLT  has  been  made  to  animate  complex  organs,  imparting  to  forms  of  wood,  iron,  and 
brass,  an  agency  of  seeming  intelligence.  And  as  the  philosophy  of  the  fine  arts, 
poetry,  painting,  and  music,  niay  be  best  studied  in  their  individual  master-pieces,  00 
may  the  philosophy  of  manufactures  in  these  its  noblest  creations. 

The  constant  aim  and  effect  of  these  automatic  improvements  in  the  arts  are  philan- 
thropic, as  they  tend  to  relieve  the  workman  either  from  niceties  of  ac^ustment,  which 
exhaust  his  mind  and  fatigue  his  eyes,  or  from  painful  repetition  of  effort,  which 
distort  and  wear  out  his  frame.  A  well-arranged  power-mill  combines  the  operation 
of  many  work-people,  adult  and  young,  in  tending  with  assiduous  skill  a  system  of 
productive  macnines  continuously  impelled  by  a  central  force.  This  great  era  in  the 
useful  arts  is  mainly  due  to  the  gemus  of  Arkwright.  Prior  to  the  introduction  of 
his  system,  manufactures  were  everywhere  feeble  and  fluctuating  in  their  develop- 
ment ;  shooting  forth  luxuriantiy  for  a  season,  and  again  withering  almost  to  the  roots 
like  annual  plants.  Their  perennial  growth  then  began,  and  attracted  capital,  in 
copious  streams,  to  irrigate  the  rich  domains  of  industry.  When  this  new  career 
commenced,  about  the  year  1770,  the  annual  consumption  of  cotton  in  British  manu- 
factures was  under  four  millions  of  pounds'  weight,  and  that  of  the  whole  of  Christen- 
dom was  probably  not  more  than  ten  millions.  In  1850  the  consumption  in  Grreat 
Britain  and  Ireland  had  risen  to  flve  hundred  and  eighty-eight  millions  of  pounds, 
and  that  of  Europe  and  the  United  States  together  to  one  thousand  and  ninety-two 
millions.  In  our  spacious  factory  apartments  the  benignant  power  of  Steam  summons 
around  him  his  myriads  of  willing  menials,  and  assigns  to  each  the  regulated  task, 
substituting,  for  painfol  muscular  efibrt  upon  their  part,  the  energies  of  his  own 
^gantic  arm,  and  demanding  in  return  only  attention  and  dexterity  to  correct  such 
uttie  aberrations  as  casually  occur  in  his  workmanship.  Under  his  auspices,  and  in 
obedience  to  Arkwright's  policy,  magnificent  edifices,  surpassing  far  in  number,  value, 
useMness,  and  ingenuity  of  construction,  the  boasted  monuments  of  Asiatic,  JE^g^tian, 
and  Eoman  despotism,  have,  within  a  short  period,  risen  up  in  this  kingdom,  to  show 
to  what  extent'capital,  industry  and  science  may  augment  the  resources  of  a  State, 
while  they  ameliorate  the  condition  of  its  citizens.  Such  is  the  automatic  system, 
which  promises,  in  its  future  growth,  to  become  the  great  minister  of  dvilisation  to 
the.  terraqueous  globe,  enabling  this  country  to  difiuse,  along  with  its  commerce,  the 
life-blood  of  knowledge  to  myriads  of  people. 

AUTOMATZO  ARTS.  Such  arts  or  manufactures  as  are  carried  on  by  self- 
acting  machinery. 

AUTOMATOWa  (odn-Sfmros — ^automates — self-moving.)  In  the  etymological 
sense,  this  word  (self-working)  signifies  every  mechanical  construction  which,  by 
virtue  of  a  latent  intrinsic  force,  not  obvious  to  common  eyes,  can  carry  on,  for  some 
time,  certain  movements  more  or  less  resembling  the  results  of  animal  exertion, 
without  the  aid  of  external  impulse.  But  the  term  automaton  is,  in  common  language, 
appropriated  to  those  mechanical  artifices  in  which  the  purposely  concealed  power  is 
made  to  imitate  the  arbitrary  or  voluntary  motions  of  living  beings.  Human 
figures,  of  this  kind,  are  sometimes  styled  JndroideSt  from  the  Greek  term,  Uke  a 
man. 

Although,  from  what  has  been  said,  clockwork  is  not  properly  placed  under  the 
head  Automaton,  it  cannot  be  doubted  that  the  art  of  making  clocks,  in  its  progressive 
improvement  and  extension,  has  given  rise  to  the  production  of  automata.  T^e  most 
of  these,  in  their  interior  structure,  as  well  as  in  the  mode  of  applying  the  movine 
power,  have  a  distinct  analogy  with  clocks ;  and  these  automata  are  frequentiy  mounted 
m  connection  with  watchwork.  Towards  the  end  of  the  1 3th  centurr,  several  tower  clocks, 
such  as  those  at  Strasburg,  Liibeck,  Prague,  and  Olmiitz,  haa  curious  mechanisms 
attached  to  them.    The  most  careful  historical  inquiry  proves  that  automata,  pro- 
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perlj  speakiiig,  are  not  older  than  wheel-cLodkB ;  and  that  the  moie  perfect  stractaies 
of  this  kind  are  subseqnent  to  the  general  introduction  of  springf-clocks.  Many  ac- 
ooonts  of  ancient  automata,  snch  as  the  flying  pigeon  of  Arch3rtas  of  Tarentnm,  appear 
to  haye  been  bnt  poor  mechanical  contrivances.  '  The  Pneumatics  of  Hero  of  Alexan- 
dria '  haye  been  rendered  accessible  to  the  English  reader  by  the  translation  of  Mr. 
Bennett  Woodcroft.  In  this  work  -will  be  found  descriptions  and  drawings  of  severU 
curious  oontriyances  which  must  be  included  amongst  automata.  The  following, 
amongst  others,  may  be  quoted : — 

'An  automaton  which  drinks  at  certain  times  only,  on  a  liquid  being  presented 
tdith 

*An  automaton  which  may  be  made  to  drink  at  any  time  on  a  liquid  being  pre- 
sented to  it 

*  An  automaton  which  will  drink  any  quantity  which  may  be  presented  to  it 

'An  automaton,  the  head  of  which  continues  attached  to  the  body  after  a  knife 
has  enteored  the  head  at  one  side,  passed  completely  through  it»  and  out  at  the  other; 
which  animal  will  drink  inmiediately  after  the  operation.' 

Beckmann  informs  us,  quoting  from  Plato,  that  Dsedalus  made  statues  which 
could  not  only  walk,  but  which  it  was  necessary  to  tie,  in  order  that  they  might  not 
moTe;  and,  on  the  authority  of  Aristotle,  he  speaks  of  a  wooden  Venus,  and 
remarks,  that  the  secret  of  its  motion  consisted  in  quicksilyer  haying  been  poured 
into  it 

The  moying  power  of  ahnost  all  automata  is  a  wound-up  steel  spring ;  because, 
in  comparison  with  other  means  of  giving  motion,  it  takes  up  the  smallest  room,  is 
easiest  concealed  and  set  a-going.  Weights  are  seldom  employed,  and  only  in  a  par- 
tial way.  The  employment  of  other  moving  powers  is  more  Umited ;  sometimes  fine 
sand  is  made  to  fall  on  the  circumference  of  a  wheel,  by  which  the  rest  of  the  mecha- 
nism is  moved.  For  the  same  purpose  water  has  been  employed ;  and,  when  it  is 
made  to  Ml  into  an  air-chamber,  it  causes  sufficient  wind  to  excite  musical  sounds  in 
pipes.  In  particular  cases  quicksilver  has  been  used,  as,  for  example,  in  the  Chinese 
tumblers,  which  is  only  a  physical  apparatus  to  illustrate  Uie  doctrine  of  the  centre  of 
gravity. 

Fi^,  100  exhibits  the  outlines  of  an  automaton,  representing  a  swan,  with  suitably 
combined  movements.  The  mechanism  may  be  described,  for  the  sake  of  clearness 
of  explanation,  under  dis- 
tinct heads.  The  first  re- 
lates to  the  motion  of  the 
whole  figure.  By  means  of 
this  part  it  swims  upon  the 
water,  in  directions  changed 
from  time  to  time  without 
exterior  agency.  Another 
construction  gives  to  the 
figure  the  &cnlty  of  bend- 
ing its  neck  on  several  occa- 
sions, and,  to  such  an  extent, 
that  it  can  plunge  the  bill 
and  a  portion  of  the  head 
under  water.  Lastiy,  it  is 
made  to  move  its  head  and 
neck  slowly  from  side  to 
side. 

On  the  barrel  of  the  spring 
exterior  to  the  usual  ratchet 
wheel,  there  is  a  main- 
wheel,  marked  1,  which  works  into  the  pinion  of  the  wheel  2.  The  wheel  2  moves  a 
smaller  one,  shown  merely  in  dotted  lines,  and  on  the  long  axis  of  the  latter,  at  either 
end,  there  is  a  rudder,  or  water-wheel,  the  paddles  of  which  are  denoted  by  tho  letter 
a.  Both  of  these  rudder-wheels  extend  through  an  oblong  opening  in  the  bottom  of 
the  flffure  down  into  the  water.  They  turn  in  the  direction  of  the  arrow,  and  impart 
a  straightforward  movement  to  the  swan.  The  chamber  in  which  these  wheels  re- 
volve is  made  water-tight,  to  prevent  moisture  being  thrown  upon  the  rest  of  tiie 
machineiy.  By  the  wheel  4,  motion  is  conveyed  to  the  fly-pimon  6 ;  the  fly  itself, 
6,  serves  tx>  regulate  the  working  of  the  whole  apparatus,  and  it  is  provided  with  a 
stop  bar,  not  shown  in  the  engraving,  to  bring  it  to  rest,  or  set  it  a-going  at  pleasure. 
Here,  as  we  may  imagine,  the  path  pursued  is  rectilinear,  when  t£e  rudder-wheels 
are  made  to  work  in  a  square  direction.  An  oblique  bar,  seen  only  in  section  at  6, 
movable  about  its  middle  point,  carries  at  each  end  a  web  foot  c,  so  that  the  direction 
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of  the  bar  b,  and  of  both  feet  towards  the  rudder-wheelB,  determines  the  form  of  the 
path  which  the  figure  will  describe.  The  change  of  direction  of  that  obliqne  bar  is 
effected  without  other  agency.  For  this  purpose  the  wheel  1  takes  into  the  pinion  7f 
and  this  carries  round  the  crown-wheel  8,  which  is  fixed,  with  an  eccentric  disc  9, 
upon  a  common  axis.  While  the  crown-wheel  moves  in  the  direction  of  the  arrow,  it 
turns  the  smaller  eccentric  portion  of  the  elliptic  disc  towards  the  lever  m,  which, 
pressed  upon  incessantly  by  its  spring,  assumes,  by  degrees,  the  position  corresponding 
with  the  middle  line  of  the  figure,  and  afterwards  an  oblique  position ;  then  it  goes 
back  again,  and  reaches  its  first  situation ;  consequently,  through  the  reciprocal 
turning  of  Uie  bar  A  and  the  swim-foot,  is  determined  and  varied  the  path  whicli  the 
.swan  must  pursue.  This  <Sonstmction  is  available  with  aU  automata  which  work  by 
wheels ;  and  it  is  obvious,  that  we  may,  by  different  forms  of  the  disc  9,  modify,  at 
pleasure,  the  direction  and  the  velocity  of  the  turnings.  If  the  disc  is  a  circle,  for 
instance,  then  the  changes  will  take  place  less  suddenly ;  if  the  disc  is  an  outward  and 
inward  curvature,  upon  whose  edge  the  end  of  the  lever  presses  with  a  roller,  the 
movement  will  take  place  in  a  serpentine  line. 

The  neck  is  the  part  which  requires  the  most  careful  workmanship.  Its  outward 
case  must  be  flexible,  and  the  neck  itself  should  therefore  be  made  of  a  tube  of  spiral 
wire,  covered  with  leather,  or  with  a  feathered  bird-skin.  The  double  line  in  the 
interior,  where  we  see  the  triangles  eee^  denotes  a  steel  sprint  made  fast  to  the 
plate  10,  which  forms  the  bottom  of  the  neck;  it  stands  loose,  and  needs  to  be  merely 
80  strong  as  to  keep  the  neck  straight^  or  to  bend  it  a  little  backwards.  It  should  not 
be  equally  thick  in  all  points,  but  it  ^ould  be  weaker  where  the  first  graceful  bend  is 
to  be  made;  and,  in  eeneral,  its  stiffness  ought  to  correspond  to  the  curvature  of  the 
neck  of  this  bird.  The  triangles  e  are  made  fast  at  their  base  to  the  front  surface  of 
the  spring;  in  the  jpoints  of  each  there  is  a  slit,  in  the  middle  of  which  a  movable 
roller  is  set,  formed  of  a  smoothly  turned  steel  rod.  A  thin  catgut  string  /,  runs 
from  the  upper  end  of  the  spring,  where  it  is  fixed  over  all  these  rollers,  and 
*       '  '  I  the     ' 


through  an  aperture  pierced  in  the  middle  of  10,  into  the  inside  of  the  rump.  If  the 
catgut  be  drawn  straight  back  towards/,  the  spring,  and  consequently  the  neck,  must 
obviously  be  bent,  and  so  much  the  more,  the  more  tightly /is  pulled  and  is  shortened 
in  the  hollow  of  the  neck.  How  this  is  accomplished  by  the  wheel-work  will  pre- 
sently be  shown.  The  wheel  11  receives  its  motion  ^m  the  pinion  «,  connected 
with  the  main  wheel  1.  Upon  11  there  is,  moreover,  the  disc  12i  to  whose  circum- 
ference a  slender  chain  is  fastened.  When  the  wheel  11  turns  in  the  direction  of  the 
arrow,  the  chain  will  be  so  much  pulled  onwards  through  the  corresponding  advance 
at  the  point  at  12,  till  this  point  has  come  to  the  place  opposite  to  its  present  situation, 
and,  consequently,  11  must  have  performed  half  a  revolution.  The  other  end  of  the 
chain  is  hung  in  the  groove  of  a  very  movable  roller  14 ;  and  this  will  be  turned 
immediately  by  the  unwinding  of  the  chain  upon  its  axis.  There  turns,  in  connection 
with  it^  however,  the  large  roller  13,  in  whicn  the  catgut /is  fastened;  and  as  this  is 
pulled  in  the  diridction  of  the  arrow,  the  neck  will  be  bent  until  the  wheel  11  has 
made  a  half  revolution.  Then  the  drag  ceases  a^n  to  act  upon  the  chain  and  the 
catgut ;  the  spring  in  the  neck  comes  into  play :  it  becomes  straight,  erects  the  neck 
of  uie  animal,  and  tiims  the  rollers  13  and  14  back  into  their  first  position. 

The  roller  13  is  of  considerable  size,  in  order  that  through  the  slight  motion  of  the 
roller  14,  a  sufficient  length  of  the  catgut  may  be  wound  o$  and  the  requisite  shorten- 
ing of  the  neck  may  be  effected ;  whi<m  results  from  the  proportion  of  the  diameters 
of  the  rollers  11,  13,  14.  This  part  of  the  mechanism  is  attached  as  near  to  the  side 
of  the  hollow  body  as  possible,  to  make  room  for  the  interior  parts,  but  particularly 
for  the  paddle-wheels.  Since  the  catgut/ must  pass  downwards  on  the  middle  from 
10,  it  is  necessary  to  incline  it  sideways  and  outwards  towards  13,  by  means  of  some 
small  rollers. 

The  head,  constituting  one  piece  with  the  neck,  will  be  depressed  by  the  complete 
flexure  of  this ;  and  the  bill,  being  turned  downwards  in  front  of  the  breast^  will 
touch  the  surface  of  the  water.  The  head  will  not  bo  motionless ;  but  it  is  joined  on 
both  sides,  by  a  very  movable  hinge,  with  the  light  ring  which  forms  the  upper  part 
of  the  clothing  of  the  neck.  A  weak  spring,  g,  cdso  fastened  to  the  end  of  the  neck, 
tencis  to  turn  the  head  backwards ;  but  in  uie  present  position  it  cannot  do  so,  because 
a  chain  at^,  whose  other  end  is  attached  to  the  plate  10,  keeps  it  on  the  stretch. 
On  the  bending  of  the  neck,  this  chain  becomes  slack ;  the  spring  k  comes  into 
operation,  and  throws  the  head  so  far  back  that,  in  its  natural  position,  it  will  reach 
the  water. 

Finally,  to  render  the  turning  of  the  head  and  neck  practicable,  the  latter  is  not 
closely  connected  with  the  rump,  while  the  plate  10  can  turn  in  a  cylindrical  manner 
upon  its  axis,  but  cannot  become  loose  outwardly.  Moreover,  there  is  upon  the  axis 
of  the  wheel  1,  and  behind  it  (shown  merely  as  a  circle  in  the  engraving)  a  bevel 
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wheel,  which  worics  into  a  second  similar  wheel,  16,  so  as  to  torn  it  in  a  hori- 
lontal  dixection.  The  pin,  16,  of  the  last  wheel  works  upon  a  two-armed  lever,  19, 
movable  zonnd  the  point  h,  and  this  lever  moves  the  neck  bv  means  of  the  pin  17. 
The  shorter  arm  of  the  lever  19  has  an  oval  aperture  in  whidb  the  pin  16  stands.  As 
soon  as  this,  in  consequence  of  the  movement  of  the  bevel-wheel  15,  comes  into  the 
dotted  position,  it  pushes  the  oval  ring  outwards  on  its  smaller  diameter,  and  thereby 
turns  the  lever  upon  the  point  A,  into  the  oblique  direction  shown  by  the  dotted 
tines.  The  pin  16,  having  come  on  its  way  right  opposite  to  its  present  position,  sets 
the  lever  again  straight.  Then  the  lever,  by  the  farther  progress  of  the  pin  in  its 
circular  path,  is  dire<^bed  outwaids  to  the  opposite  side ;  and,  at  last,  when  15  has 
made  an  entire  revolution,  it  is  quite  straight  The  longer  arm  of  the  lever  follows, 
of  course,  these  alternating  movements,  so  that  it  turns  the  neck  upon  its  plate  10,  by 
means  of  the  pin  17  :  and,  as  18  denotes  the  bill,  this  comes  into  the  dotted  position. 
It  may  be  remarked,  in  conclusion,  that  the  drawing  otfy,  100  represents  about  half 
the  size  g(  which  the  automaton  may  be  constructed,  and  that  the  Body  may  be  formed 
of  thin  sheet  copper  or  brass. 

In  the  former  edition  another  example  of  an  automaton  was  given,  but  it  is  thought 
unnecessary  to  retain  it.  In  many  of  the' machines  now  employed,  we  have  examples 
of  useful  automata,  superior  in  correctness  of  action  to  any  of  those  which  are  at  Uie 
best  only  scientiflc  toys. 

>■•    See  Photoobaphy. 
A  genus  of  corn-bearing  grasses.    The  A.  sativa  is  the  common  oat. 

JWOra.    {Aveniurine,  Fr.)    A  variety  of  quartz,  which  is  minutely 

spangled  throughout  with  yellow  scales  of  mica,  is  known  as  Atfeniurine  quartz.  It 
is  usually  translucent,  and  of  a  grey,  brown,  or  reddish-brown  colour.  There  is  also 
an  Aventurine  felspar  {FelcUpath  aventurini,  Fr.),  frequently  termed  sunstone  (Pierre 
de  sokil) ;  some  lapidaries,  however,  calling  this  stone  by  the  name  of  Aveniurine 
orieniale.  Aventurine  quartz  occurs  at  Capa  de  Gata,  in  Spain ;  and  the  aventurine 
felspar,  or  sunstone,  at  Tvedestrand,  in  Norway. 

AvENTUBiNB,  ABTiFiciix,  or  Glass,  Called  sdso  Gold  FluXf  has  been  manufactured 
on  a  large  8<^e,  for  a  long  period,  at  the  glass-works  of  Murano,  near  Venice. 
According  to  Wohler's  examination,  aventurine  glass  owes  its  golden  iridescence 
to  a  CTVstalline  separation  of  metallic  copper  irom  the  mass  coloured  brown  by  the 
peroxide  of  iron.  C.  Earsten  analysed  tne  artificial  aventurine  from  the  glass  manu- 
factory of  Bigaglia,  in  Venice,  and  found  it  to  contain — 

Silicic  add .  67*8 

lame    . 9*0 

Protoxide  of  iron 8*4 

Binoxide  of  tin 2*8 

Protoxide  of  lead.       .       .        .        .        .       .1*0 

MetaUio  copper 4*0 

Potash 5*8 

Soda 7-0 

These  numbers  agree  in  a  remarkable  manner  with  the  results  formerly  obtained  by 
P^got,  and  may  therefore  be  regarded  as  truly  representing  the  composition  of  the 
gbiss. 

AvRMTURim  Glazb,  for  porcelain,  exhibits  a  cmrialUne  separation  of  fpreen  oxide 
of  chromium  from  the  brown  ferruginous  mass  of  the  glaze  producing  a  similar  e£^t 
to  the  glass.    O^iis  glase  is  prepared  as  follows,  according  to  A.  W&mter  :— 

81  parts  of  fine  lixiviated  dry  porcelain-earth  from  Halle, 

43  „  „        dry  quartz  sand, 

14  „  „       gypsum, 

12  „  „       fragments  of  porcelain, 

are  starred  np  with  300  parts  of  water,  and  by  repeated  straining  through  a  linen 
sieve,  uniformly  suspended  in  it,  and  intimately  mixed.  To  this  paste  are  added,  under 
constant  agitation,  and  one  after  the  other,  aqueous  solutions  of 

19  parts  bichromate  of  potash, 
100    „     protosulpbate  of  iron, 
47    n     acetate  of  lead, 

and  then  so  much  solution  of  ammonia  that  the  iron  is  completely  separated.    The 

salts  of  potash  and  ammonia  are  removed  by  firoquent  decantation  with  spring  water. 

The  heSud  porcelain  vessels  are  dipped  into  the  pasty  miztoze  obtainod^  aa-  above 
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described,  in  the  same  manner  as  with  other  glazes,  and  then  fired  in  the  poreelain 
furnace.  After  this  thej  are  covered  with  a  brown  glaze,  which  in  reflected  light 
appears  to  be  filled  with  a  countless  number  of  light  gold  spangles. 

A  thin  fragment  of  the  glaze  appears,  under  the  microscope,  bj  transmitted  light, 
as  a  clear  brownish  glass,  in  which  numerous  transparent  green  six-sided  prisms  of 
oxide  of  chromium,  and  some  brownish  crystals,  probably  of  oxide  of  chromium  and 
peroxide  of  iron,  are  suspended.  The  oxide  of  cluromium,  therefore,  sepcuntes  on  the 
slow  cooling  of  the  glaze  in  the  porcelain  furnace,  from  the  substance  of  the  glaze — 
a  silicate  of  potash,  lime,  and  alumina,  saturated  witii  the  peroxide  of  iron — and 
shines  through  the  brownish  mass  with  a  golden  colour.  When  the  aventurine  glaze 
is  mixed  with  an  equal  amount  of  colourless  porcelain  glaze,  the  glassy  mass  no 
longer  has  a  brown  colour  after  the  burning,  but  a  lidit  greenish-grey,  and  the 
eliminated  crystalline  spangles  likewise  exhibit  in  reflected  light  their  natural  green 
colour. 

AWWRUVOATOX.  A  pair  of  pruning  shears,  which,  on  being  mounted  on  a 
pole  some  ten  feet  long,  and  actuated  by  a  string  of  catgut,  can  be  used  for  pruning 
at  a  considerable  distance  above  the  head. 

JLJTOOJLDO^MAM  OZIh  An  oil  obtained  firom  the  oleaginous  fruit,  the  Avocado 
pear-tree  (Persea  gratissimay  a  native  of  Trinidad.  A  portion  of  this  oil  having  been 
submitted  to  Dr.  Hofmann  by  the  Governor  of  Trinidad,  he  reported  on  its  character : 
— *  According  to  my  present  experience,  the  oil  of  the  Avocado  pear  is  less  valuable 
as  a  lubricating  material.  To  make  it  fit  for  the  higher  classes  of  machineiy,  its 
mucilaginous  constituents  must  be  removed  by  the  same  refining  process  requisite  for 
its  adaptation  in  illuminating  purposes, 

*  On  the  other  hand,  the  oil  of  the  Avocado  pear  is  very  applicable  for  the  pro- 
duction of  good  soa^  I  have  the  honour  of  transmitting  to  your  Excellency  specimens 
prepared  with  the  oil :  the  smaller  one,  which  possesses  a  yellow  colour,  is  prepared 
with  the  oil  in  its  original  condition ;  the  laiger  one  is  made  wiHi  a  portion  of  oil 
which  had  previously  been  bleached  by  chlorine.  From  this  specimen  it  is  obvious 
that  the  oil,  altiiougn  poor  in  stearine,  nevertheless  furnishes  a  soap  which  is  tolerably 
hiurd  and  solid.  I  have  even  now  no  hesitation  in  stating  that,  for  the  purposes  of 
the  soap-maker,  the%il  of  the  Avocado  pear  will  have,  at  Jeast,  the  same  value  as 
palmou.' 

JLEMm  A  tool  much  used  by  carpenters  for  cleaving  and  roughly  fashioning 
blocks  of  wood.  It  is  a  thin  iron  wedge,  with  an  oblong  steel  edge,  parallel  to  which, 
in  the  short  base,  is  a  hole  for  receiving  and  holding  fast  the  end  of  a  strong  wooden 
handle.  

AXa-ATOVa.  A  sub-species  of  jade,  found  in  Corsica,  Saxony,  and  on  the  banks 
of  the  Amazon.  It  is  a  siUcate  of  magnesia  and  alumina,  coloured  by  oxide  of 
chromium.    See  Jadb. 

AXXMATJiy  called  also  Thumite,  A  silicate  of  magnesia,  alumina,  and  iron,  con- 
taining boracic  acid.  It  derives  its  name  from  t^e  axe-like  bevelling  of  its 
lateral  edges.  This  mineral  is  harder  than  felspar,  and  varies  in  colour  from  a 
violet-brown  to  a  leek-green.  It  is  found  in  many  parts  of  the  Continent,  and  at 
Botallack,  St.  Just,  and  at  Trewellard,  Cornwall,  in  fine  brilliant  dove-brown 
crystals. 

ATTiW-am»  A  WMi    Several  kinds  of  unguents  employed  to  reduce  the  friction  of 
wheels  circulating  on  their  axles.    See  Ai9n-ATTBrnoN. 
1,  of  carriages.    See  Whrkl  Cabbiaoes. 
**".    Hog^  lard.    See  Fat  and  Oim. 

WM,  oftlled  also  Scotch  stone  and  snake-stone,  is  much  in  request  as  a 
polishing  stone  for  marble  and  for  copper  plates.  These  stones  are  always  kept 
oamp,  or  even  wet,  to  prevent  their  becoming  hard. 

The  harder  varieties  of  Ayr  stone  are  now  employed  as  whetstones. 

ATiAli*  (from  Axala,  Arabic  for  madder).  A  colouring-matter  obtained  from 
*  fiowers  of  madder,*  perhaps  crude  alizarine.  It  has  been  proposed  to  introduce  azale 
in  France  as  a  dye-stuff 

AXAJMEMtBm    A  name  for  aniline-red. 

^^1— "'''"  COMVASS.  The  azimuth  compass  is  used  chiefly  to  note  the 
actual  magnetic  azimuth,  or  that  arch  of  the  horizon  intercepted  between  the  azimuth, 
or  vertical  circle  passing  through  the  centre  of  any  heavenly  body,  and  the  magnetio 
meridian. 

The  card  of  the  azimuth  compass  is  subdivided  into  exact  degrees,  minutes,  and 
seconds.  To  the  box  are  fixed  two  *  sights,*  through  which  the  sun  or  a  star  may  be 
viewed.  The  position  into  which  the  index  of  the  sights  must  be  turned  to  see  it, 
will  indicate  on  the  card  the  azimuth  of  the  star.  When  the  observations  are  intended 
tQ  bo  exacts  teleeoopes  take  the  place  of  the  sights.    By  this  instrument  we  note  the 
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actual  magnelio  aiiaiith :  and  as  we  know  the  asdmnth  calculated  from  tiie  N.  and 
8.  line,  the  variation  of  the  needle  is  leadily  found. 

ASOTBMMlMKm,  JkJtOBMMlXnM,  or  AXOBaVZOZh  C*«Hi»N'  (C^*W'V»\ 
A  peculiar  substance  fonned  by  acting  with  an  alcoholic  solution  of  potash 
upon  nitrobenzole,  or,  as  it  is  sometimes  called,  artificial  oil  of  bitter  almonds. 
IX  nitrobenzole,  dissolved  in  alcohol,  with  the  addition  of  solid  potash,  be  distilled, 
a  complex  and  by  no  means  well  understood  reaction  occurs.  The  azobenzide 
distils  over  mixed  with  aniline.  The  fluid  treated  with  hydrochloric  add,  to 
dissolve  the  aniline,  is  passed  through  a  wet  filter ;  the  aniline  salt  passes  through, 
leaving  the  azobenzide  as  a  red  oil,  which  in  a  few  moments  solidifies  into  a  mass  of 
rich  golden-brown  crystals  of  considerable  size,  even  when  working  on  a  very  small 
quantity.  The  alcohol  enters  into  the  reaction,  and  oxalic  add  is  formed,  which  unites 
with  the  potash.  Four  equivalents  of  nitrobenzole  and  two  equivalents  of  alcohol 
appear  to  yield  one  equivalent  of  azobenzide,  two  equivalents  of  aniline,  four  equiva- 
lents of  oxalic  add,  and  eight  equivalents  of  water.    See  Nitbobbkzolb. 

Azobenzene  yields  numerous  derivatives.  With  fuming  nitric  add  it  gives  two 
nitro-compoun(is ;  viz.,  nitroazobenzide  and  binitroazobenzide.  Azobenzide,  treated 
with  sul^de  of  ammonium,  yields  an  alkaline  called  benzidine,  G'^H^'N^  {C^^W'XP)^ 
—C.  G.W^ 

AXOBWltoma.  When  bitter  almonds  are  distilled,  per  dewenswn,  an  oil  is 
obtained ;  if  the  latter  be  treated  with  ammonia,  and  the  substance  thus  formed  be 
treated  with  ether,  a  white  powder  remains,  which  is  probably  impure  hydroben- 
aamide.— C.  G.  W.    See  *  Watte's  Dictionary  of  Chemistry.' 

AZOBBVXOTXB.  A  substance  formed  simultaneously  with  hydrobenzamide 
and  benzydramide,  when  oil  of  bitter  almonds  is  treated  with  ammonia. — C.  G.  W. 

AXOTB.    An  old  name  for  Nitboobn. 

AKOTXBSD,  said  of  certain  vegetable  substances,  which,  as  containing  azote, 
were  supposed  at  one  time  to  partake,  in  some  measure,  of  the  animal  nature.  The 
yegetable  products,  indigo,  ca£&ine,  gluten,  and  many  others,  contain  abundance  of  azote. 

AXVBMm  This  term  was  applied  by  Pliny  to  the  blues  of  the  andents.  *  Cseru- 
leum,  or  azure,  is  of  three  kinds :  the  £^;yptian  (artifidal) ;  the  Scythian  (natural), 
which  is  inferior;  the  Cyprian,  the  best.' — Tkeophrastua^  also  Fliany,  Girardin, 
writing  of  the  andent  colours,  says,  *  This  arure,  which  has  thus  endured  above 
1,700  years,  may  be  dieaply  and  easily  made  thus :  15  parts,  by  weight,  of  carbonate 
of  soda,  20  parts  of  opaque  flints,  and  3  parts  of  copper  filings,  are  strongly  heated  for 
two  hours,  and  the  nuxture  will  result  in  a  fine  deep  sky-blue.'  The  iJ^BTptian  blue, 
or  Alexandrian  fnt,  is  a  pulverised  blue  glass;  it  was  once  thou^t  to  contain  cobalt, 
but  all  analyses  prove  it  to  contain  silicate  of  copper. 

The  term  AjBure  has  been  applied  to  smalts.    See  Cobax^,  Smalt,  and  Ultba* 


See  AmLOfB-BLUB  and  ANmira-GBEBN. 

This  term  is  now  usually  restricted  to  the  blue  carbonate  of  copper, 
otherwise  known  as  ChesaylUe,  It  is  a  mineral  of  fine  blue  colour,  crystallising  in 
the  oblique  system.  The  old  mines  of  Chessy,  near  Lyons,  in  France,  were  famous 
for  yielding  groups  of  magnificent  crystals  of  this  spedes.  It  is  also  found  in  the 
shallow  workings  of  many  other  copper  mines,  often  associated  with  malachite,  or 
green  carbonate  of  copper.  Azurite  contains,  when  pure,  66'16  per  cent,  of  copper, 
and  hence  forms  a  valuable  ore.  It  has  also  been  used  as  a  blue  pigment,  though  too 
liable  to  turn  green,  the  absorption  of  carbonic  add  readily  converting  it  into 
malachite. 

It  is  right  to  remark  that  the  term  Azurite  has  also  been  appUed  to  certain  other 
blue  minerals,  such  as  the  phosphate  of  alumina  and  magnesia,  usually  known  as 
LaguLUet  and  even  to  the  Zopw  lagvli. 

The  want  of  agreement  between  mineralogists — leading  them  to  adopt  names 
independent  one  of  the  other  (names  frequently  taken  from  some  locality  in  which 
the  writer  knows  the  mineral  to  be  foand)--produoeB  great  confusion,  and  retards  the 
progress  of  knowledge. 


An  alloy  which,  from  its  smoothness  of  surface,  is  called 
an  anti-attrition  metal.  It  is  composed  of  26  parts  of  tin,  2  parts  of  antimony,  and 
\  a  part  of  copper. 

BAaiwavOHXTB«    An  anhydrous  dlicate  of  iron  and  lime,  found  in  small, 
gxoeniali-Uack,  doubly-oblique  crystals,  at  Arendal*  in  Norway.    A  fibrous  yariety, 
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nmch  iMembling  hornblende,  "was  disooyered  in  a  railway-catting  in  Deronshire,  in 
1854,  and  was  sufficiently  abundant  to  be  worked  as  an  ore  of  iron.  A  spodmen  re- 
ceiyed  from  the  late  Mr.  S.  Bladcwell  was  analysed  by  Mr.  Dayid  Forbes,  -with  the 
following  results : — Silica,  49*12 ;  alumina,  1*60 ;  peroxide  of  iron,  9*78 ;  protoxide  of 
iron,  12*87;  protoxide  of  manganese,  1*25;  lime,  20*87;  magnesia,  8*67;  loss  on 
ignition,  0*78. 

BA8&AB.  The  rind  or  shell  of  the  fruit  of  the  Mimosa  cineraria.  It  is  brought 
from  the  East  Indies  under  the  name  of  Neb-Neb,  On  account  of  the  tannin  it 
contains,  it  has  been  used  for  dyeing  cotton,  and  for  producing  yarious  shades  of 
drab. 

BABmb  OVIK.  The  gam  of  the  Babul  tree,  a  species  of  the  Acacia,  growing  in 
Bengal.    It  is  sometimes  imported  as  Bengal  gum. 

Babul  Bark  is  extensiyely  used  in  India  as  a  tanning  material,  and  has  occasionally 
been  imported  into  this  country. 

BAGS*  In  mininff,  that  side  of  an  inclined  mineral  lode  which  is  nearest  the 
surface  of  the  ground.  The  back  of  &  leyel  is  the  ground  between  it  and  the  leyel 
aboye  it  In  orewifuf,  a  brewer^s  utensU,  a  large  yessel  for  receiying  the  wort.  In 
building^  that  part  of  a  stone  opposite  the  face. 

BAOITLUS.  A  forked  branch  of  haael,  used  by  the  superstitious  with  a  yiew  to 
the  discoyery  of  spnngs  and  mineral  lodes.    See  Diynmro  Bod. 

BABCMDU  (BlaStau,  Er. ;  Dach$,  Ger.)  A  genus  of  camiyorous  animals  be- 
longing to  the  &mily  MuatdicUs,  The  common  badger,  Mdes  Taxu$t  inhabits  the 
northern  parts  of  Europe  and  Asia.  The  hide  of  the  badger  is  employed  for  pistol 
famiture.  The  fine  hair  is  used  for  making  brashes  for  the  use  of  the  artist,  and  for 
the  best  class  of  shaying-brushes.  The  hind-quarters,  salted  and  smoked,  make  ex- 
cellent hams. 

BABICMOW.  A  mixture  for  stopping  holes  in  wood  or  stone.  The  badigeon 
for  stonework  is  composed  of  plaster  of  Paris  and  freestone  ground  together.  That 
for  wood  is  usually  sawdust  and  glue,  or  sometimes  putty  and  chalk. 

BAH*  A  measure  equal  to  a  striked  Winchester  bushel.  Twenty-fiye  bags  of 
lime  make  a  ton.  A  bag  of  plaster  of  Paris  is  fourteen  pounds.  Eight  bags  are 
considered  to  equal  a  bu&eL 

BAQAS8B.  The  sogar-cane,  in  its  dry  crashed  state,  much  employed  for  f^el 
in  the  colonial  sugar-houses. 

BAIV-MAXIB.  A  yessel  of  water  in  which  saucepans,  &c  are  placed  to  warm 
food,  or  to  prepare  it  and  some  pharmaceutical  preparations. 

BAZSa.    A  coarse  woollen  stuff  with  a  long  nap,  sometimes  friezed  on  one  side. 

BAJESM*  SAXT.  The  sesquicarbonate  of  ammonia,  so  called  because  it  is  often 
used  as  a  substitute  for  yeast  in  bread  and  pastry. 

SAXnrCk    {Cvire,  Er. ;   Baoken,  Ger.)    The  exposure  of  any  body  to  such  a 
heat  as  will  dry  and  consolidate  its  parts  without  wasting  them.  Thus  wood,  pottery, 
and  porcelain,  are  baked,  as  well  as  bread  and  meat.    See  Biscuit  ;  Bbsad. 
An  ancient  Cornish  miner's  term  for  a  mine. 
tCAZBBVy  BA&-BOT.    A  girl  or  boy  working  at  a  mine. 

lOWCk    An  article  of  food  much  used  in  the  Eastern  Archipelago,  con- 
sisting of  fish  and  shrimps  pounded  together. 

BAlkSWA.  A  genus  of  cetacean  mammals,  including  the  Greenland,  or  Bight 
Whale  (BaUma  mysiicetua),  and  the  Southern  Whale  (B,  auttralis).  The  former 
inhabits  the  Arctic  Seas,  and  its  capture  forms  the  object  of  the  Northern  whale- 
fishery,  while  the  latter  is  found  in  the  Antarctic,  South  Pacific,  and  Indian  Oceans. 
These  species,  in  the  adult  state,  are  destitute  of  teeth,  but  the  mouth  is  furnished 
with  numerous  plates  of  a  homy  substance,  called  balem,  or  whalebone,  which  hang 
freely  from  eadi  side  of  the  palate,  and  thus  form  a  sieye  for  straining  off  the 
water  from  the  small  prey  taken  into  the  mouth.  Large  quantities  <?  oil  are 
obtained  from  the  blubber,  or  thick  layer  of  fat  which  immediately  underlies  the 
naked  skin,  and  seryes  to  protect  the  warm-blooded  whale  from  the  cold  of  the. 
surrounding  medium.  The  Esquimaux  not  only  eat  the  flesh  of  the  whale,  but  use 
some  of  the  internal  membranes  in  the  prepcuntion  of  certain  articles  of  clothing, 
and  of  a  curious  semi-transparent  subst^ce  serving  instead  of  glass  for  the 
windows  of  their  huts.  The  species  of  Balana,  or  true  Whalebone  Whales,  are  to 
be  distinguished  from  the  Sperm  Whales,  which  belong  to  a  totally  distinct  genus, 
and  thoa^  possessing  teeth,  and-  therefore  not  yielding  whalebone,  are  neyerweless 
yalued  for  the  sake  of  their  spermaoeti  and  ambergris.  See  AxsmtOBis ;  SFEBXAcan ; 
Whaueboiib. 

BA&AVOa.  To  conduct  arts  and  mano&ctares  with  jadf;m0nt,  reoonrse  most 
bo  had  to  a  balaooe«    Especieiioe  proree  that  all  material  bodieo  ezistizig  upon  the 
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fenifi&oe  of  the  eaitii  ave  oonstantlj  Bolioited  by  a  foioe  which  tends  to  brmg  them  to- 
-waidfl  its  centre,  and  that  thej  f^  to  the  earth  when  they  are  free  to  move.  This 
force  is  called  gravity.  Thotigh  the  bodies  be  not  free,  the  effort  of  gravity  is  still 
sensible,  and  £e  resultant  of  all  the  actions  which  it  exercises  upon  their  material 
points  constitates  what  is  called  their  toeight.  Weights  are,  therefore,  forces  which 
may  be  compared  together,  and  by  means  of  machines  may  be  made  to  correspond  or 
be  counterpoised. 

To  discover  whether  two  weights  be  equal,  we  must  oppose  them  to  each  other  in  a 
machine  where  they  act  in  a  similar  manner,  and  then  see  if  they  maintain  an  equi- 
librium ;  for  example,  we  fulfil  this  condition  if  we  suspend  them  at  the  two  extremities 
of  a  lever  supported  at  its  centre,  and  whose  arms  are  equal.  Such  is  the  general  idea 
of  a  balance.  The  beam  of  a  good  balance  ou^ht  to  be  a  bar  or  double  cone  of  metal, 
of  such  strength  as  to  secure  perfect  inflexibibty  under  any  load  which  may  be  fitly 
applied  to  its  extremities.  Its  arms  should  be  quite  equal  in  weight  and  length  upon 
each  side  of  its  point  of  suspension ;  and  this  point  should  be  placed  in  a  vertical  line 
over  the  centre  of  gravitjr ;  and  the  less  distant  it  is  from  it,  the  more  delicate  will 
be  the  balance.  Were  it  placed  exactly  in  that  centre,  the  beam  would  not  spon- 
taneously recover  the  horizontal  position  when  it  was  once  removed  from  it  To 
render  its  indications  more  readily  commensurable,  a  slender  rod  or  needle  is  fixed  to 
it,  at  right  angles,  in  the  line  passing  through  its  centres  of  gravity  and  suspension. 
The  point,  or  rather  edge,  of  suspension,  should  be  made  of  porfectly  hard  steel,  and 
turn  upon  a  bed  of  the  same.  For  common  uses  the  arms  of  a  balance  can  be  made 
snfiSciently  equal  to  give  satisfoctoiy  results ;  but,  for  the  more  refined  purposes  of 
science,  that  equality  should  never  be  presumed  nor  trusted  to ;  and,  fortunately,  exact 
weighing  is  quite  independent  of  that  equalitjr.  To  weigh  a  body  is  to  determine  how 
many  times  Uie  weight  of  that  body  contains  another  species  of  known  weight,  as  of 
grains  or  pounds,  for  example.  In  order  to  find  it  out,  let  qs  place  the  substance,  sup- 
pose a  piece  of  gold,  in  the  left  hand  scale  of  the  balance ;  counterpoise  it  with  sand 
or  shot  in  the  other,  till  the  index  needle  be  truly  vertical,  or  stand  in  the  middle  of 
its  scale,  proving  the  beam  to  be  horizontaL  Now  remove  gently  the  piece  of  gold, 
and  substitute  in  its  place  standard  multiple  weights  of  any  graduation,  English  or 
Prench,  until  the  needle  again  resumes  the  vertical  position,  or  until  its  os(nllations 
upon  either  side  of  the  zero-point  are  equal.  These  weights  will  represent  precisely 
the  weight  of  the  gold,  since  they  are  placed  in  the  same  circumstances  with  it,  and 
make  the  same  equilibrium  with  the  weight  laid  in  the  other  scale. 

This  method  of  weighing  is  obviously  independent  of  the  unequal  length  as  well  as 
the  unequal  weight  of  the  arms  of  the  beam.  For  its  perfection  two  requisites  only  are 
indisprasable.  The  first  is  that  the  points  of  suspension  should  be  rigorously  the  same 
in  the  two  operations ;  for  the  power  of  a  given  weight  to  turn  the  beun  being  unequal, 
accordingly  as  we  place  it  at  different  distances  firomthe  centre  of  suspension,  did  that 
point  vary  in  the  two  consecutive  weighings,  we  should  require  to  employ,  in  the 
second,  a  different  weight  from  that  of  the  piece  of  gold,  in  order  to  form  an  equi- 
librium with  the  sand  or  shot  originally  put  in  the  opposite  scale ;  and  as  there  is 
nothing  to  indicate  such  inequality  in  the  states  of  the  beam,  great  errors  would  result 
from  it.  The  best  mode  of  securing  against  such  inequality  is  to  suspend  the  cords 
of  the  scales  from  sharp-edged  rings,  upon  knife-edges,  at  the  ends  of  the  beam,  both 
made  of  steel  so  hard-tempeored  as  to  be  incapable  of  indentation.  The  second  condition 
is,  that  the  balance  should  be  very  sensible — ^that  is,  when  in  equilibrium  and  loaded, 
it  may  be  disturbed,  and  its  needle  may  oscillate,  by  the  snudlest  weight  put  into 
either  of  the  soEtles.  This  sensibility  depends  wholly  upon  the  centre  of  suspension ; 
and  it  will  be  the  more  perfect  the  less  fnction  there  is  between  that  knife-edge  surface 
and  the  plane  which  supports  it.  Both  should  therefore  be  as  hard  and  highly 
polished  as  possible ;  and  should  not  be  suffered  to  press  against  each  other,  except 
at  the  time  of  weighing.  Every  delicate  balance  of  moderate  size,  moreover,  should 
be  suspended  within  a  glass  case,  to  protect  it  from  the  agitations  of  the  air,  and  the 
corroding  influence  of  Uie  weather.  In  some  balances  a  ball  is  placed  upon  the  index 
or  needle  (whether  that  index  stand  above  or  below  the  beam),  which  may  be  made 
to  approacki  or  recede  from  the  beam  by  a  fine-threaded  screw,  with  the  effect  of  varying 
the  centre  of  gravity  relatively  to  the  point  of  suspension,  and  thereby  increasing,  at 
will,  either  the  sensibility  or  the  stabiHty  of  the  balance.  The  greater  the  lengUi  of 
the  arms,  the  less  distant  the  centare  of  gravity  is  beneath  the  centre  of  suspension, 
the  better  polished  its  central  knife-edge  of  30^,  the  lighter  the  whole  balance,  and 
the  less  it  is  loaded,  &e  greater  will  be  its  sensibility.  In  all  cases  the  arms  must  be 
quite  inflexible.  A  balance  made  by  Bamsden  for  the  Boyal  Society  is  capable  of 
weighing  ten  pounds,  and  turns  with  one  hundredth  of  a  grain,  which  is  the  seven- 
millionth  part  of  the  weight.    See  WsoHmo  MACHinE, 
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OOnr,  intaEodooedat  Uie  Bank  of  England  in 
the  year  1841,  requires  an  especial  notioe, 

Mr.  William  Cotton,  then  Depnty-Govemop,  and  during  the  two  succeeding  yeaw 
Governor  of  the  Bank,  had  long  regarded  the  mode  of  weighing  by  common  hand- 
balances  with  dissatisfaction,  on  account  of  its  injurious  effect  upon  the  *  teller,'  or 
weigher,  owing  to  the  straining  of  the  optic  nerve  by  constant  watdiing  of  the  beam- 
indicator,  and  the  necessity  of  reducing  the  Unctions  of  the  mind  to  the  narrow  office 
of  influencing  a  few  constantly  repeated  actions.  Such  monotonous  labour  could  not 
be  endured  for  hours  together  without  moments  of  forgetfulness  resulting  in  errors. 
Errors  more  constant,  although  less  in  amount,  were  found  to  be  due  to  the  rapid 
wearing  of  the  knife-edges  of  the  beam ;  currents  of  air  also  acting  upon  the  pans 
produced  undesired  results ;  and  even  the  breath  of  the  *  teller '  sometimes  turned  the 
scale ;  sp  that  in  hand-weighing  the  errors  not  unfrequently  amounted  to  ^rd,  and 
even  \  grain.  At  the  very  best,  the  hand-scale  working  at  the  rate  of  3,000  per  six 
hours  could  not  indicate  nearer  than  ^th  grain. 

Upon  taking  into  consideration  the  inconveniences  and  defects  of  the  hand-weighing 
system,  Mr.  Cotton  conceived  the  idea  that  it  might  be  superseded  by  a  machine  de- 
fended from  external  influences,  and  contrived  so  as  to  weigh  coins  as  fast  as  by  hand, 
and  within  the  fourth  of  a  grain.  He  subsequently  communicated  his  plan  to  Mr. 
David  Napier,  of  York  Boad,  Lambeth,  engineer,  who  undertook  the  construction  of 
an  experimental  machine.  Its  capabilities  were  tested  and  reported  upon  by  Mr. 
William  Miller,  of  the  Bank.  The  result  was  most  satisfactory :  more  *  automaton 
balances '  were  ordered ;  and  from  time  to  time  farther  additions  have  been  made,  so 
that  at  present  there  are  ten  in  daily  operation  at  the  Bank  of  England.  But  it  was 
not  without  a  struggle  that  the  time-hieLllowed  institution  of  *  tellers '  passed  away. 
There  were  interests  opposed  to  the  introduction  of  improved,  more  ready,  and  less  expen- 
sive methods ;  and  it  required  all  Mr,  Cotton's  energy  of  character,  Uie  influence  of 
his  intelligence  in  mech^cs,  as  well  as  that  arising  from  his  position  in  the  Direction, 
to  obtain  the  adoption  of  an  invention  by  whidi  a  very  large  annual  saving  has  been 


The  mechanical  adaptation  of  the  principles  involved  in  the  Automaton  Balance,  as 
contrived  by  Mr.  Napier,  may  be  shortly  explained: — The  weighing-beam,  of  steel,  is 
forked  at  the  ends,  each  extremity  forming  a  knife-edge ;  and  in  the  centre  the  fulcrum 
knife-edge  extends  on  eadi  side  of  tJie  pUte  of  the  beam,  and  rests  in  hollows  cut  in 
a  bowed  cross-bar  flxed  to  the  under  side  of  a  rectangular  brass  plate,  about  12  inches 
square,  which  is  supported  at  the  corners  by  columns  flxed  to  a  cast-iron  table  raised 
a  convenient  height  on  a  stand  of  the  same  metal.  To  form  a  complete  enclosing 
case,  plates  of  metal  or  glass  are  did  into  grooves  down  the  columns.  When  the  beam 
is  resting  with  its  centre  knife-edge  in  the  hollows  of  l^e  cross-bar  just  referred  to, 
its  upper  ]part  is  nearly  on  a  level  with  the  under-side  of  the  brass  plate,  in  which  a 
long  fdot  IS  made,  so  toat  the  beam  can  be  taken  out  when  the  feeding  slide-box,  and 
its  plate^  which  covers  this  slot,  are  removed.  On  the  top  of  the  covering  plate  of 
the  feeding  slide  a  tube-hopper  is  placed,  and  a  hole  in  the  plate  communicates  with 
the  slide ;  another  hole  is  pierced  in  the  same  plate  exactly  over  one  end  of  the  beam, 
upon  the  knife-edges  of  which  a  long  rod  is  suspended  by  hollows  formed  in  a  cross- 
bar dose  to  its  upper  end,  where  the  weighing  platform  is  fltted.  A  rod  is  also  sus- 
pended at  the  other  end  of  the  beam  in  a  similar  manner ;  but  instead  of  a  weighing- 
plate,  it  has  a  knob  at  top,  which,  when  the  beam  is  horizontal,  comes  into  contact 
with  an  ac^justable  agate  point  The  lower  end  of  this  pendent  rod  is  stirrup-shaped, 
for  holding  the  counterpoise.  Two  displacing  slides  are  provided,  one  on  each  side  of 
the  feeding-slide,  and  at  right  angles  to  each  other ;  and  a  gripping  apparatus  is  flxed 
to  the  under  side  of  the  brass  top-plate,  arranged  so  as  to  hold  the  pendant  on  which 
the  scale-plate  is  fltted  during  the  change  of  the  coin.  A  dipping-flnger  is  also  at- 
tached to  the  frame  of  the  gnpping  apparatus,  its  end  passing  into  a  small  slot  in  the 
pendent  rod,  and  acting  upon  a  knife-edge  at  the  lower  end  of  the  slot.  There  are 
four  shafts  crossing  the  machine ;  the  one  through  which  the  power  is  applied  is 
placed  low  and  at  me  centre,  and  carries  a  pinion  which  gears  with  a  wheel  of  twice 
its  diameter  on  a  shaft  above ;  this  wheel  gears  with  two  similar  wheels  fixed  to  shafts 
on  each  side  of  the  centre.  Cams  for  acting  upon  the  feeding  slide,  through  the 
medium  of  a  rocking  frame,  are  carried  by  the  shi^  placed  at  the  end  of  the  nuichine 
where  the  counterpoise  hangs,  and  the  other  two  shafts  on  the  same  level  bear  cams 
for  working  the  grippng  apparatus,  the  dipping-flnger,  and  the  displacing  slides. 

Having  described,  as  dearly  and  as  popularly  as  we  can,  the  general  features  of  the 
mechanism,  we  will  proceed  to  indicate  its  manner  of  action.  Suppose,  then,  the 
hopper  filled,  and  a  hollow  inclined  plane  about  two  feet  long,  which  has  been  sidded 
to  the  hopper  by  the  inventive  genius  of  one  of  the  gentlemen  in  the  weighing-roonii 
also  loaded  its  whole  length  with  the  pieces  to  be  weighed,  the  machine  is  set  in 
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Motion,  and  the  feeding  slide  pushes  the  lowest  piece  forward  on  to  the  weighing- 
plate,  the  grippers  meantime  holding  &8t  by  the  neck  of  the  pendant,  so  as  to  keep 
the  plate  pcofectly  steady;  the  dipping-finger  is  also  at  its  lowest  position,  and 
resting  upon  Uie  knife-edge  at  the  bottom  of  the  slot  in  the  pendent  rod,  thus  keeping 
the  b^m  horizontal,  and  the  knob  on  the  counterpoise-pendant  in  contact  with  the 
agate  point  already  mentioned.  When  the  coin  is  fairly  placed  on  the  weighing-plate, 
the  gnppers  let  go  their  hold  of  the  pendent  rod,  and  the  dipping-iinger  is  raised  by 
its  cam ;  if  then  the  coin  is  too  light,  the  coin  end  of  the  beam  will  rise  along  with  the 
dipping-finger,  and  the  counterpoise  end  will  descend ;  if  heavy,  the  beam  will  remain 
without  motion,  the  agate  point  preventing  it.  As  soon  as  the  dipping-finger  attains 
the  proper  height,  and  thus  has  allowed  sufficient  time  for  the  weight  of  the  coin  to 
be  decided,  the  grippers  dose  and  hold  the  pendant,  and  consequently  the  scale  or 
weighing-pl^,  at  the  high  level,  if  the  coin  has  proved  light,  and  been  raised  by  the 
excess  of  weight  in  the  counterpoise ;  and  at  the  low  or  original  level,  if  the  coin  has 
proved  heavy.  One  of  the  displacing  slides  now  comes  forward  and  passes  under  the 
coin«  if  it  is  light,  and  therefore  raised  to  the  high  level ;  but  luiocks  it  off,  if 
zemaining  on  the  low  level,  into  the  '  heavy  box.'  The  other  displacing  slide  then 
advances.  This  strikes  higher  than  the  first,  Nand  removes  the  light  piece  which  the 
other  has  missed,  into  the  receptacle  for  the  Hght  coin.  During  Uiese  operations  the 
feeding-slide  has  brought  forward  another  coin,  and  the  process  just  described  is 
repeat^  The  attendant  is  only  required  to  replenish  the  inclined  plane  at  intervals,  and 
remove  the  assorted  coin  from  the  boxes.  The  perfection  of  the  workmanship,  and  tlie 
harmony  of  the  various  actions  of  the  machine,  will  be  best  appreciated  from  the  fact, 
^at  25  pieces  are  weighed  per  minute  to  the  fineness  of  j^th  of  a  grain.  This  com- 
bination of  great  speed  and  accuracy  would  not  have  been  possible  with  a  beam  made 
in  the  ordinaiy  way,  having  the  centre  of  gravity  below  the  centre  of  action ;  and  it 
was  pronounced  to  be  so  by  the  late  Mr.  Clement,  the  constructor  of  Mr.  Babbage's 
Calculating  Machine.  But  Mr.  Napier  overcame  the  difficulty  by  raising  the  centre 
of  gravity  so  as  to  coincide  with  the  centre  of  action,  which  gave  it  much  greater  sen- 
sibility ;  and  he  povided  the  dipping-finger,  to  bring  the  beam  to  a  horizontal  position 
after  each  weighing,  instead  of  an  infiuendng  weight  in  the  beam  itself. 

The  wear  and  tear  of  these  machines  is  found  to  be  very  small  indeed ;  those  sup- 
plied in  1842  and  1843,  and  in  daily  use  ever  since,  weigh  with  the  same  accuracy  as 
at  fir^  although  they  may  be  said  to  have  cost  nothing  for  repairs.  The  principal 
cause  of  this  long-continued  perfection  is  that  the  beam  does  not  osdllate,  unless  the 
coin  is  light,  and  even  then  the  space  passed  through  does  not  exceed  the  thickness  of 
the  coin. 

In  1851,  when  the  Moneyers  were  no  longer  masters  of  the  Boyal  Mint,  and  the 
new  audiorities  began  to  regard  the  process  of  weighing  the  coin  in  detail  by  hand  as  a 
laborious,  expensive,  and  inaccurate  method,  the  firm  of  Napier  and  Son,  at  an  inter- 
view with  Sir  John  Herschel,  the  Master,  and  Captain  Harness,  the  Deputy-Master, 
received  an  order  for  five  machines,  to  be  designed  to  suit  the  requirements  of  the 
Mint,  which  involved  a  complete  change  in  the  mechanical  arrangement  of  the 
machine  as  used  at  the  Bank,  it  being  necessary  to  divide  the  *  blanks,'  or  pieces 
before  they  are  struck,  into  three  classes,  *  too  Ught,'  *  too  heavy,'  and  *  medium,'  or 
those  varying  between  certain  given  limits.  It  would  occupy  too  much  space  to 
attempt  a  description  of  the  mechanical  disposition  of  this  madiine,  and  it  could  not 
be  satisfactorily  accomplished  without  the  aid  of  drawings ;  let  it  suffice,  then,  to  say 
that  the  displaicing-sliaes  are  removed,  and  a  long  vibrating  conducting-tube  receives 
the  blanks  as  they  are  in  turn  pushed  off  the  weighing-plate  by  the  on-coming  blanks; 
but,  according  to  the  weight  of  the  blank,  so  the  lower  end  d  the  tube  is  found  to  be 
opposite  to  one  of  three  openings  leading  into  three  boxes.  The  tube  is  sustained  in 
its  proper  position,  during  the  descent  of  the  blank  last  weighed  through  it,  by  a 
stop-fiiu;er,  the  height  of  which  is  regulated  by  a  dipping-finger,  which  comes  down 
upon  a  knife-edge  at  the  lower  end  of  a  slot  in  the  pendent  rod  just  when  Uie  grippers 
have  laid  hold  Ss  the  rod  after  the  weighing  is  fimshed ;  this  finger  thus  ascertains 
the  level  which  the  knife-edge  has  attained,  and  as  it  brings  down  die  stop-finger  with 
it,  the  guide-tube,  which  is  furnished  with  three  rests,  as  steps  in  a  stair,  vibrates 
against  the  stop-finger,  one  of  the  three  steps  coming  in  contact  with  it,  according  to 
the  level  of  the  stop-finger ;  and  the  end  of  the  guide-tube  takes  its  place  opposite  the 
channel  leading  to-  the  box  in  which  the  blank  should  be  found.  Hie  counterpoise 
employed  is  less  than  the  true  standard  weight,  by  the  quantity  which  may  be 
allowed  as  the  limit  in  that  direction ;  and  in  case  a  blank  is  too  heavy,  not  only  is 
the  counterpoise  raised,  but  a  small  weight,  equal  to  the  range  allowed  between  the 
'too  light'  and  'too  heavy,'  is  raised  also;  this  small  weight  comes  to  rest  on 
supports  provided  for  it  when  the  beam  is  horizontal,  and  is  only  disturbed  by  a  too 
heavy  blank. 
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TheBe  maebineB  have  proved  eyen  mote  aoooiate  and  rapid  than  thoee  made  fbr  the 
Bank;  and  Professor  Graham,  the  late  Master,  amongst  the  improvements  introduced 
by  him  into  the  system  of  the  Mint,  added  to  the  number,  and  dispensed  entirely  with 
the  hand-weighing.  It  is  said  that  the  saying  aocroing  from  this  change  alone 
amounts  to  nearly  2,000/.  per  annum.  See  Htdbostatic  Balance  ;  Weiohino  Ma- 
chine. 

BATiAS,  BAZAVSt  or  BAliAIS  SUST.  The  names  applied  to  the  rose* 
red  and  reddish-white  varieties  of  spinel.    See  Bubt. 

BAXiBi    A  package  of  silk,  linen,  or  woollen,  is  so  called. 

BAXAB8TBR08XTB.    A  variety  of  iron  pyrites  found  in  Asturia. 

BATiTiTBTIO  VJBNJOUJilJBC.  An  instrument  for  measuring  the  force  of  cannon- 
balls.  The  baUista  was  an  instrument  used  by  the  ancients  to  throw  darts,  &c  The 
ballistic  pendulum  derives  its  name  from  this :  it  consists  of  an  iron  cylinder,  closed 
at  one  end,  suspended  as  a  pendulum.  A  ball  being  fired  into  the  open  end,  deflects 
the  pendulum  according  to  me  force  of  the  blow  received  from  the  ball,  thus  measuring 
its  power. 

BA&&OOBr.  In  France,  a  quantity  of  glass.  Of  tohiU  glass,  25  bundles  of  six 
plates  each ;  of  coloured  glass,  12^  bundles  of  three  plates  each,  are  called  balloons. 
Chemists  call  receivers  and  flasks  of  a  spherical  form  balloons. 

BAZAOOBTS.    See  Asbostation. 

lUkXalM  80BA«  B&ikCX  BATiTiB,  or  B&ikCX  AMBm  Crude  carbonate  of 
soda,  obtained  in  the  manufacture  of  soda-ash.    See  Soda. 

BAUMC  OF  OZZAAB.    See  Balsam,  Mboca. 

BATiBAM.  (BauiM,  Fr. ;  Balsam,  Ger.)  A  native  compound  of  ethereal  or 
essential  oils,  with  resin,  and  frequently  benzoic  add.  Most  balsams  have  the  con* 
sistence  of  honey ;  but  a  few  are  solid,  or  become  so  by  keeping.  They  flow  either 
spontaneously,  or  by  incisions  made  in  trees  and  shrubs  in  tropical  climates.  They 
have  peculiar  and  sometimes  powerM  smells,  aromatic  hot  tastes,  but  lose  their 
odoriferous  properties  by  long  exposure  to  the  air.  They  are  insoluble  in  water ; 
soluble  to  a  considerable  degree,  in  ether ;  and  completely  in  alcohol.  When  distilled 
with  water,  ethereal  oil  comes  over,  and  resin  remains  in  the  retort. 

BAIhBAM,  CAVABA.    See  Canada  Balsak. 

BAXiBAUff  COVAZVA,  or  CAPZVI,  or  CAPAZBA.  {Baime  de  Copahu,  Fr. ; 
Kopaiva  Balsam,  Qer.)  Capaiva  balsam,  balsam  of  oopahu,  or  capivi,  is  obtained 
from  incisions  made  in  the  trunk  of  the  Copaifera  officinalis,  a  tree  which  grows  in 
Brazil  and  Cayenne.  It  is  also  v^ry  frequently  obtained  from  the  C,  muU^uga, 
C,  Langadorfi,  and  C,  Coriacea,  It  is  pale  yellow,  semi-liquid,  clear  and  transparent, 
has  a  bitter,  sharp,  hot  taste ;  a  penetrating  disagreeable  smell ;  a  spedflc  grayity  of 
from  0*950  to  0*996.  It  dissolves  in  absolute  alcohol,  and  partially  in  spirits  of  wine, 
and  forms  with  alkalis  ciystalline  compounds.  It  consists  of  46*59  ethereous  oil, 
52*75  of  a  yellow  brittle  resin,  and  1*66  of  a  brown  viscid  resin.  The  oil  contains  no 
oxygen,  has  a  composition  like  that  of  oil  of  turpentine ;  it  dissolves  caoutchouc 
(according  to  Durand),  but  becomes  oxidised,  in  the  air,  into  a  peculiar  species  of  resin. 

This  substance  is  extensively  used  in  medicine.  It  was  formerly  often  adulterated ; 
some  unctuous  oil  being  mixed  with  it,  but  as  this  is  easily  discovered  by  its  insolu* 
bility  in  alcohol,  castor-oU  has  since  been  used.  The  presence  of  this  cheaper  oil 
may  be  detected, — 1,  by  agitating  the  balsam  with  a  solution  of  caustic  soda,  and 
setting  the  mixture  aside  to  repose,  when  the  b^sam  will  come  to  float  dear  on  the 
top,  and  leave  a  soapy  thick  magma  of  the  oil  below;  2,  when  the  balsam  is  boiled 
with  water,  in  a  thin  fllm  for  some  hours,  it  will  become  a  brittle  resin  on  cooling ;  but 
it  will  remain  visdd  if  mixed  with  castor-oil ;  8,  if  a  drop  of  the  oil  on  white  paper 
be  held  over  a  lamp,  at  a  proper  distance,  its  volatile  oil  wiU  evaporate,  and  leave  the 
brittle  resin,  without  causing  any  stain  around,  which  the  presence  of  oil  will  pro- 
duce ;  4,  when  three  drops  of  the  balsam  are  poured  into  a  watdi-glass,  alongside  of  one 
dr^  of  sulphuric  add,  it  becomes  yellow  at  the  point  of  contact,  and  altogether  of  a 
safltton  hue  when  stirred  about  with  a  glass  rod ;  but  if  sophisticated  with  castor-oil, 
the  mixture  soon  becomes  nearly  colourless,  like  white  honey,  though  after  some  timo 
the  add  blackens  the  whole  in  either  case ;  5,  if  three  parts  in  bulk  of  the  balsam  be 
mixed  with  one  of  good  water  of  ammonia  (of  0*970  spedflc  gravity)  in  a  glass  tube, 
it  will  form  a  transparent  solution  if  it  be  pure,  but  will  form  a  white  liniment  if  it 
contain  castor-oil;  6,  if  the  balsam  be  triturated  with  a  little  of  the  common  mag- 
nesia alba,  it  will  form  a  dear  solution,  from  which  adds  dissolve  out  the  magnesia, 
and  leave  the  oil  transparent  if  it  be  pure,  but  opaque  if  it  be  adulterated.  When 
turpentine  is  employed  to  falsify  the  balsam,  the  fraud  is  detected  by  the  smell  on 
heating  the  compound. 

This  balsam  is  used  in  the  manuflEusture  of  some  varieties  of  tracing  paper ;  and 
ibany  lacquers  and  yamishes  have  the  balsam  of  copaiya  as  one  of  their  oonstatuentB* 
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It  is  no  longear  poflsible  to  ascertain  the  quantity  of  Balsam  Copftiva  imported ;  by, 
as  it  appears  to  ns,  a  yery  mistaken  regulation  of  the  Custom-house,  it,  and  a  great 
many  other  articles, are  entered  under  Sie  head  of  * Druffs  unenumerated* 

BA&8AMZTO  and  IXTKITS  8A.&AaM.  By  digesting  the  fruit  of  the  Balsam 
of  Peru  tree  in  rum,  a  liquid  having  a  bitter  taste,  a  light  sherry  colour,  and  the 
odour  of  the  tonquin-bean,  is  product  called  Balsamito.  It  is  taken  internally,  and 
used  as  an  application  to  sloughing  sores — especially  those  of  the  chigoe.  By  sub- 
jecting this  fruit  to  pressure,  without  heat,  Wkiie  Balsam  is  obtained.  It  resembles 
stzaineid  Bordeaux  turpentine,  and  is  sometimes  confounded  irith  balsam  of  Tolu. 

BAXiBAllg,  miCCA.  (jBaume  de  la  Mecque,  Baume  du  Judie,  fV.)  Mecca 
balsam^  or  opobaltam^  or  Balm  of  Gilead,  is  obtained  both  by  incisions  in,  and  by 
boiling,  the  branches  and  leaves  of  the  BaUamodendran  opobdUamuniy  a  shrub  which 
grows  in  Arabia  Peliz  and  Egypt.  When  fresh  it  is  turbid  and  whitish,  but  becomes  by 
degrees  transparent,  yellow,  uickish,  and  eventually  solid.  Its  smell  is  peculiar,  but 
agreeable ;  it  tastes  bitter  and  spicy ;  does  not  dissolve  completely  in  hot  spirit  of 
wine,  and  contains  10  per  cent  of  ethereal  oil  of  the  specific  gravity  0*876.  It  is  also 
obtained  £rom  ^.  Qiieadetue, 

BftTiBftM  OF  VB&n.  {Baume  du  Phou^  Pr. ;  Penmanischer  Balsam^  Ger.) 
BaUam  of  Peru  is  extracted  £rom  the  Myroxylon  Penn^ferum,  a  tree  which  grows  in 
Peru,  Mexico,  &c. ;  sometimes  by  incision,  and  sometimes  by  evaporating  the  decoc- 
tion of  the  bark  and  branches  of  the  tree.  The  former  kind  is  very  rare,  and  is  im- 
ported in  the  husk  of  the  cocoa-nut,  whence  it  is  called  balsam  en  coque.  It  is  brown, 
transparent  only  in  thin  layers  of  the  consistence  of  thick  turpentine,  of  an  agreeable 
smell,  an  acrid  and  bitter  taste ;  formed  of  two  matters,  the  one  liquid,  the  other 
granular,  and  somewhat  crystalline.  In  100  parts  it  contains  12  of  benzoic  acid,  88 
of  resin,  with  traces  of  a  volatile  oil. 

The  second  sort,  the  black  balsam  of  Peru,  is  much  more  common  tban  the  pre- 
ceding; translucent,  of  the  consistence  of  well-boiled  syrup,  very  deep  red-brown 
colour,  an  almost  intolerably  acrid  and  bitter  taste,  and  a  stronger  smell  than  the  other 
balsam.  Stoltze  regards  it  as  formed  of  69  parts  of  a  pecuUar  oil,  20*7  of  a  resin 
little  soluble  in  alcohol,  of  6*4  of  benzoic  add,  of  0*6  of  extractive  matter,  and  0*9  of 
water. 

The  celebrated  Pomade  Divine,  which  was  a  few  years  since  very  celebrated,  con- 
tained a  considerable  quantity  of  the  balasm  of  Peru.  One  of  the  best  recipes  for  its 
preparation  was  the  following : — 

Hue  olive  oil 18  ozs. 

Balsam  of  Peru 1  oz. 

Orris-root 6  drachms. 

Strained  Storaz        • 1  drachm. 

This,  with  some  bruised  nutmegs  and  cinnamon,  was  macerated  in  a  water-bath  for 
three  hours,  and  then  filtered. 

A  French  authority  states  that,  dissolved  in  four  times  its  weight  of  alcohol,  and 
spread  upon  sarsanet  already  covered  with  a  layer  of  isinglass,  it  formed  the  taffetas 
^Angleterre, 

One  thousand  parts  of  good  balsam  should,  by  its  benzoic  acid,  saturate  76  parts  of 
crystallised  carbonate  of  soda.  It  is  employed  as  a  perfume  for  pomatums,  tinctures, 
Icoenges,  sealing-wax,  and  for  chocolate  and  liqueurs,  instead  of  vanilla,  when  this 
happens  to  be  very  dear. 

M.  Victor  le  Nouvel,  who  has  been  engaged  in  collecting  this  balsam  since  1836, 
gives  the  following  as  the  process  used  by  the  Indians  to  obtain  it.  An  incision  is 
made  into  the  tree  of  about  two  or  three  inches  broad,  and  three  to  four  inches  long. 
They  raise  the  bark  from  the  wood  and  apply  cotton  rags  to  it ;  a  fire  being  lighted 
round  the  tree  to  liquefy  the  balsam.  iPresh  incisions  are  made  higher  and  lugher  up 
the  tree,  till  the  cotton  rags  are  c^uite  saturated.  It  takes  fcom  ten  to  twelve  days  to 
effect  this.  The  rags  are  next  boiled,  and  when  the  liquor  is  cold,  the  balsam  collects 
below. — Pereirc^s  Materia  Medica, 

Balsam  of  Peru  has  been  for  some  years  exported  £rom  the  State  of  Salvador  On 
the  coast  of  Chiquimulilla  (GKiatemala)  there  are  many  trees  of  the  description  that 
yield  the  balsam,  but  hitherto  it  has  not  attracted  Uie  attention  of  the  people  to 
collect  it 

The  Balsam  of  Peru  of  Salvador  is  procured  within  the  department  of  Sonsonate. 
The  British  Consul  thus  describes  its  production : — 

In  the  district  of  Cuisnagua  there  are  3,674  trees,  which  yield  altogether  only 
600  lbs.  of  the  gum  annually.  With  proper  care  in  the  extraction,  each  tree  would 
^old  2  lb9«  to  3  lbs.,  making  the  total  quantity  capable  of  being  produced  in  the 
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before-meniioned  district  about  10,000  lbs.  When  the  season  has  been  more  rainy 
than  nsnal  the  product  is  much  lower ;  but  in  order  to  meet  this  difficulty,  the  Indians 
heat  the  body  of  the  tree  by  fire,  by  this  means  causing  the  g^um  to  exude  more  freely ; 
but  this  operation  inyariably  causes  the  decay  of  the  tree. 

The  Indians  employed  in  collecting  the  gum  say  that  such  trees  as  are  well  shaded 
yield  a  greater  quantity ;  but  that  t^ose  which  liaye  been  planted  by  hand  yield  the 
most.  This  has  been  proved  by  experience,  particularly  m  Calcutta,  where  a  con- 
siderable quantity  is  yearly  collected  from  trees  which  have  been  so  planted.  Doring 
the  months  of  December  and  January  the  gam  oozes  away  spontaneously.  Hiis  daaa 
of  ^m  is  called  *  calcawzate.'  It  is  orange-coloured,  weighs  less  than  the  other,  and 
emits  a  strong  odour ;  is  volatile  and  pungent. 

BA&SAJC  8TOSAZ.    See  Stobaz. 

BAMAM  or  TO&V.  {Bawne  de  Tolu,  Vt, ;  Iblutaniseher  Salaam,  Oer.) 
Balsam  of  Tolu  flows  from  the  trunk  of  the  Muroapermum  toluyhrumf  a  tree  which 
grows  in  South  America,  on  the  mountains  of  Tolu,  Timbaceo,  &c.  It  is,  when 
fresh,  of  the  consistence  of  turpentine ;  is  brownish-red,  dries  into  a  yellowish  or 
reddish  brittle  resinous  mass,  of  a  smell  like  benzoin ;  is  soluble  in  <dcohol  and  ether ; 
affords,  with  water,  benzoic  acid.  It  appears  probable  that  both  the  balsams  of  Pern 
and  of  Tolu  are  obtained  from  one  tree.  Balsam  of  Tolu  is  used  to  manufSacture  Tolu 
lozenges,  and  the  Syrup  of  Tolu  for  iiritating  coughs.  It  is  sometimes  employed  by 
confectioners  to  flavour  sweetmeats,  by  perfumers,  and  in  the  formation  ot/unigatmg 
pastils. 

»AMnMO»lTa.    A  variety  of  flbrous  serpentine  found  at  Baltimore. 

BAMBOO.  (Bambou,  Fr. ;  Indianisches  Rohr,  Ger.)  A  species  of  cane,  the 
Bambusa  arundinaoea  of  botanists.  A  most  important  vegetable  product  in  the  East, 
where  it  is  used  in  the  construction  of  houses,  boats,  bridges,  &c  Its  grain  is  used 
for  bread ;  its  fibre  is  manufactured  into  paper.  Walking-sticks  are  said  to  be  of 
bamboo ;  they  are  the  ratan^  a  different  plant.  A  siliceous  secretion  called  tabaskeer 
is  frequently  found  in  the  joints  of  the  bamboo.    See  Ratam  and  Tabashxrb. 

BAHTffiTTB.    A  silicate  of  alumina  found  at  Bamle,  in  Norway. 

BAWATffA.  An  herbaceous  endogenous  plant,  Musa  sapietUvm^  growing  in  the 
West  Indies,  East  Indies,  and  generally  throughout  the  tropics.  The  Plantain  has  a 
fruit  which  is  used  for  food  to  an  immense  extent  by  the  iimabitants  of  hot  climates, 
forming,  indeed,  a  necessary  article  of  diet^ 

BABl>AmA.  A  style  of  calico-printing,  in  which  white  or  brightly-coloured 
spots  are  produced  upon  a  red  or  dark  ground.  It  seems  to  have  been  practised  from 
tmie  immemorial  in  India,  by  binding  up  firmly  with  thread  those  points  of  the  doth 
which  were  to  remain  white  or  yellow,  while  the  rest  of  the  suiDuse  was  freely  8ub« 
jected  to  the  dyeing  operations. 

The  Europeui  imitations  have  now  far  surpassed,  in  the  beauty  and  precision  of  the 
design,  the  Oriental  patterns,  having  called  mto  action  the  refiined  resources  of  me- 
chanical and  chemical  science.  The  white  spots  are  produced  by  a  solution  of  chlorine 
made  to  percolate  down  through  the  Turkey-red  cotton  cloth,  in  certain  points  defined 
and  circumscribed  by  the  pressure  of  hollow  lead  types  in  plates,  in  an  hydraulic  press. 
Fig.  101  is  an  elevation  of  one  press ;  a,  the  top  of  the  entablature ;  b  b,  the  cheeks 
or  pillars ;  c,  the  upper  block  for  fastening  the  upper  lead  perforated  pattern  to ;  d, 
the  lower  block,  to  which  the  fellow  pattern  is  afl^ed,  and  which  moves  up  and  down 
with  the  piston  of  the  press ;  b,  the  piston  or  ram ;  f,  the  sole  or  base ;  o,  the  water- 
trough  for  the  discharged  or  spotted  calico  to  fall  into ;  h,  the  small  cistern  for  the 
aqueous  chlorine  or  liquor-metre,  with  glass  tubes  for  indicating  the  height  of  liquor 
inside  the  dstern ;  e  e,  glass  stopcodcs,  for  admitting  the  liquor  into  that  cistern  from 
the  general  reservoir;  //,  stopcocks  for  admitting  water  to  wash  out  the  chlorine ; 
g  a,  the  pattern  load-plates,  with  screws  for  setting  the  pattqpis  parallel  to  each 
other ;  m  m^  projecting  angular  pieces  at  each  comer,  perforated  with  a  half -inch 
hole  to  receive  the  four  guide-pins  rising  from  the  lower  plate,  which  serve  to  secure 
accuracy  of  adjustment  between  the  two  faces  of  the  lead  pattern-plates ;  k  A,  two 
rollers,  which  seize  and  pull  through  the  discharged  pieces,  and  deliver  them  into 
the  water-trough.  To  the  left  of  d  there  is  a  stopcock  for  filling  the  trough  with 
water ;  /  is  the  waste  tub  for  chlorine-liquor  and  water  of  washing.  The  contrivance 
for  blowinff  a  stream  of  air  across  the  cloth  through  the  pattern  holes  is  not  repre* 
sented  in  we  figure. 

Sixteen  engines,  similar  to  the  above,  each  possessing  the  power  of  pressing  with 
several  hundred  tons,  are  arranged  in  one  line,  in  subdivisions  of  four,  £he  spaces 
between  each  subdivision  serving  as  passages  to  allow  the  workmen  to  go  readily  from 
vhe  front  to  the  back  of  the  presses.  Each  occupies  26  feet,  so  that  Uie  total  length 
of  the  apartment  is  100  feet. 

To  each  press  is  attached  a  pair  of  patterns  in  lead  (or  plates  as  they  are  called),  the 
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maimer  of  fonmng  vbich  -will  be  described  in  the  sequel.  One  of  these  plates  is  fixed 
to  the  upper  block  of  the  press.  This  block  is  so  contrived  that  it  rests  upon  a  kind 
of  universal  joint,  which  enables  this  plate  to  be  applied  exactly  to  the  under  fellow- 
plate.  The  latter  sits  on  the  movable  part  of  the  press,  commonly  called  the  silL 
When  this  is  forced  up,  the  two  patterns  close  on  ea<m  other  very  nicely  by  means  of 
the  guide-pins  at  the  comers,  wmch  are  fitted  with  the  utmost  care. 
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The  power  which  impels  this  great  hydrostatic  range  is  placed  in  a  separate  apart- 
ment, odled  the  machinery-room.  This  machinery  consists  of  two  press-cylinders  of 
a  pe(mliar  construction,  having  solid  rams  accurately  fitted  to  them.  To  each  of  these 
cylinders  three  little  force-pumps,  worked  by  a  steam-engine,  are  connected. 

The  piston  of  a  large  cybnder  is  eight  inches  in  diameter,  and  is  loaded  with  a  top 
weight  of  five  tons.  This  piston  can  be  made  to  rise  about  two  feet  through  a  leather 
'stuffing  or  collar.  The  other  cylinder  has  a  piston  of  only  one  inch  in  diameter,  which 
is  also  loaded  with  a  top  weight  of  five  tons.  It  is  capable,  like  the  other,  of  being 
raised  two  feet  through  its  collar. 

Supposing  the  pistons  to  be  at  their  lowest  pdnt,  four  of  the  six  small  force-pumps 
are  put  in  action  by  the  steam-engine,  two  of  them  to  raise  the  large  piston,  and  two 
the  utile  one.  In  a  short  time  so  much  water  is  injected  into  the  cyunders  that  the 
loaded  nistons  have  arrived  at  their  highest  points.  They  are  now  ready  for  working 
the  hydrostatic  discharge-presses,  the  water-pressure  being  conveyed  from  the  one 
apartment  to  the  other,  under  ground,  through  strong  copper  tubes  of  small  calibre. 

Two  valves  are  attached  to  each  press,  one  opening  a  communication  between  the 
large  driving  cylinder  and  the  eWinder  of  the  press,  the  other  between  the  small 
driving  cylinder  and  the  press.  The  function  of  the  first  is  simply  to  lift  the  under 
block  of  Uie  press  into  contact  with  the  upper  block ;  that  of  the  second  is  to  give 
the  requisite  compression  to  the  cloth.  A  third  valve  is  attached  to  the  press  for  the 
purpose  of  dischfu^ng  the  water  fiom  its  cylinder,  when  the  press  is  to  be  relaxed 
m  order  to  remove  or  draw  through  the  cloth. 
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From  12  to  14  ^ecee  of  doth,  preyioTisIj  dyed  Turkey  red,  are  stretched  over  each 
other  as  parallel  as  possible,  by  a  particular  machine.  These  parallel  layers  are  then 
rolled  round  a  wooden  cylinder,  caUed  by  the  workmen  a  drum.  This  cylinder  is  now 
placed  in  its  proper  situation  at  the  back  of  the  press.  A  t)ortion  of  the  14  layers 
of  cloth,  equal  to  the  area  of  the  plates,  is  next  drawn  througn  between  them  by  hooks 
attached  to  the  two  comers  of  the  webs.  On  opening  the  valve  connected  with  the 
eight-inch  driving  cylinder,  the  water  enters  the  cylinder  of  the  press,  and  instantly 
lifts  its  lower  block  so  as  to  apply  the  under  plate  with  its  doth  dose  to  the  upper  one. 
This  valve  is  then  shut  and  the  other  is  opened.  The  pressure  of  five  tons  in  the  one- 
inch  prime  cylinder  is  now  brought  to  bear  on  the  piston  of  the  press,  which  is  eight 
inches  in  diameter.  The  efifective  force  here  will  therefore  be  5  tons  x  8*^=320  tons, 
the  areas  of  cylinders  being  to  each  other  as  the  squares  of  their  respective  diameters. 
The  doth  is  thus  conden^d  between  the  leaden  pattern-plates  with  a  pressure  of 
320  tons  in  a  couple  of  seconds. 

The  next  step  is  to  admit  the  bleadiing  or  dischargb^  liquor  (aqueous  chlorine, 
obtained  by  adding  sulphuric  add  to  solution  of  dilonde  of  lime)  to  the  doth. 
This  liquor  is  contained  in  a  large  dstem  in  an  a^'oining  house,  from  which  it  is  run 
at  pleasure  into  smaU  lead  cisterns,  e,  attached  to  the  presses,  which  dstems  have 
graduated  index-tubes  for  regulating  the  quantity  of  liquor  according  to  the  pattern 
of  discharge.  The  stopcocks  on  the  pipes  and  cisterns  containing  this  liquor  are  all 
made  of  glass. 

From  3ie  measure-dstem,  h,  the  liquor  is  allowed  to  flow  into  the  hollows  in  the 
upper  lead  plate,  whence  it  descends  on  Uie  doth,  and  percolates  through  it,  extracting 
in  its  passage  the  Turkey-red  dye.  The  liquor  is  finally  conveyed  into  the  waste 
pipe  from  a  groove  in  the  under  block.  As  soon  as  the  dilorine  liquor  has  passed 
through,  water  is  admitted  in  a  similar  manner  to  wash  away  the  chlorine,  otherwise 
upon  relaxing  the  pressure,  the  outline  of  the  figure  discharged  would^become  ragged. 
The  passage  of  the  discharge  liquor,  as  well  as  of  the  water  through  the  doth,  is 
occasionally  aided  by  a  pneumatic  apparatus,  or  blowing  machine,  consisting  of  a 
large  gasometer  from  which  the  air,  subjected  to  a  moderate  pressure,  may  be  allowed 
to  issue  and  act,  in  the  direction  of  the  liquid,  upon  the  folds  of  the  doth.  By  an 
occasional  twist  of  the  air-stopcock,  the  workmen  also  can  ensure  the  equal  distribu- 
tion of  the  disdiarging  liquor  over  the  whole  excavations  in  the  upper  plate.  When 
the  demand  for  goods  is  very  brisk,  the  air  apparatus  is  much  employed,  as  it  enables 
the  workman  to  double  his  product 

The  time  requisite  for  completing  the  discharging  process  in  the  first  press  is  suffi- 
dent  to  enable  the  other  three  workmen  to  put  the  remaining  fifteen  presses  in  play. 
The  discharger  proceeds  now  from  press  to  press,  admits  the  liquor,  the  air,  and  the 
water ;  and  is  followed  at  a  proper  interval  by  the  assistants,  who  relax  the  press,  move 
forwards  another  square  of  the  doth,  and  then  restore  the  pressure.  Whenever  the 
sixteenth  press  has  oeen  liquored,  &c.,  it  is  time  to  open  the  first  press.  In  this  routine 
about  ten  minutes  are  emmcnred,  that  is,  224  handbarchiefs  (16  x  14)  are  discharged 
every  ten  minutes.  The  wnole  doth  is  drawn  successively  forward,  to  be  successively 
treated  according  to  the  above  method. 

When  the  doth  is  removed  from  the  press  it  is  passed  between  the  two  rollers  in 
front,  from  which  it  faUs  into  a  trough  of  water  placed  below.  It  is  finally  carried 
off  to  the  washing  and  bleaching  department,  where  the  lustre  of  both  the  iniite  and 
the  red  is  considerably  brightened. 

By  the  above  anangement  of  presses,  1,600  pieces,  consisting  of  12  yards  eacha 
19,200  yards,  are  converted  into  bandannas  in  the  space  of  ten  hours,  by  the  labour 
of  four  workmen. 

The  patterns,  or  plates,  which  are  put  into  the  presses  to  determine  the  white 
figures  on  the  doth,  are  made  of  lead  in  the  following  way : — ^A  trellis  frrame  of  cast 
iron,  one  inch  thick,  with  tumed-up  ed^,  forming  a  trough  rather  larger  than  the 
intended  lead-pattern,  is  used  as  the  sobd  groundwork.  Into  this  trough  a  lead  plate, 
about  one  h{d^^inch  thick,  is  firmly  fixed  by  screw-nails  passing  up  from  below.  To 
the  edges  of  this  lead  plate  the  borders  of  the  piece  of  sheet  1^  are  soldered,  which 
covers  the  whole  outer  surface  of  the  iron  frame.  Thus  a  strong  trough  is  formed, 
one  inch  deep.  The  ppright  border  gives  at  once  great  strengm  to  uie  plate  and 
serves  to  confine  the  liquor.  A  thin  sheet  of  lead  is  now  laid  on  the  thick  lead  plate, 
in  the  manner  of  a  veneer  on  toilette  tables,  and  is  soldered  to  it  round  the  edges. 
Both  sheets  must  be  made  very  smooth  beforehand,  by  hammering  them  on  a  smooth 
stone  table,  and  then  finishing  with  a  plane ;  the  surface  of  me  thin  sheet  (now 
attached)  is  to  be  covered  with  drawing-paper,  pasted  on,  and  upon  this  the  pattern  is 
drawn.  It  is  now  ready  for  the  cutter.  The  first  thing  which  ne  does  is  to  fix  down 
with  brass  pins  all  the  parts  of  the  pattern  which  are  to  be  left  solid.  He  now  pro- 
ceeds with  the  little  tools  generally  used  by  block-cutters,  which  are  fitted  to  the 
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dificront  carvatures  of  the  pattorn,  and  he  cuts  |)erpendicularly  quite  through  the  thin 
sheet  The  pieces  thus  detached  are  easily  lifted  out,  and  thus  the  cliannels  are 
formed  vhich  detdgn  thd  white  figures  on  the  red  doth.  At  the  bottom  of  the  chan- 
nels a  sufficient  number  of  small  perforations  are  made  through  the  thicker  sheet  lead, 
so  that  the  discharging  H^uor  may  bive  free  ingress  and  egress.  Thiis  one  plate  is 
finished,  from  which  an  impression  is  taken  in  the  hydrostatic  press,  by  means  of 
printers'  ink,  on  paper  pastea  upon  another  plate.  Each  pair  of  plates  constitutes  a 
set  which  may  be  put  into  presses  and  removed  at  pleasure. 

aAWBOZATBv  called  also  clysphUique  and  fixature^  a  madlage  of  Carrageen 
moss  ;_used  fcv  8ti£&ning  the  hair  and  keeping  it  in  order, 

I  hemp  r^ 


h  or  XBAVO.  When  common  hemp  {Cannabis  tatim)  is  grown  in  tropical 
countries,  its  fibre  becomes  much  less  valuable,  but  its  peculiar  narcotic  resin  is 
much  more  abundantly  lecreted.  The  loaves  and  capsules  of  such  hemp  Aimish 
the  substance  known  as  hang^  which  is  largely  used  m  the  East  as  an  intoxicating 

drug.  

L.    Carved  and  painted  work  in  imitation  of  Japan  wave. 
See  Abaksomia. 
»  or  8AT«    In  Leicestershire  a  dark  bituminous  shale  is  so  named. 

A  mineral  pitch  of  a  peculiarly  odorous  character.  This 
bitumen  was  formerly  obtained  from  B^badoes ;  but  several  kinds  now  pass  under 
the  name. 

BilBBART  CraiK.  Sometimes  called  Mofoeeo  gum^  The  product  of  tho 
Acaeia  gumm\fera.  Imported  from  Tripoli,  Barbaiy,  and  Morocco.  See  Ababxc» 
Guic 

BAJUiSBST*  {Berberis,  Lat. ;  Sphe-vinette,  Fr.)  It  is  probable  that  this  name- 
has  been  given  to  tms  plant  fW)m  its  spines,  or  barbs.  The  name,  Oxycanthus^  als<r 
given  to  it^  indicates  a  like  origin. 

The  barbeny  is  a  shrubbv  plant,  common  in  hedges  in  England ;  sometimes  called 
the  pipperidge  bush.  The  berries  are  nsed  in  housewifery.  The  wood  and  bark  of 
this  plant  contain  a  yellow  colouring-matter  which  is  soluble  in  water  and  alcohol, 
and  IS  rendered  brown  by  alkalis,  ^e  solution  is  employed  in  the  manufacture  of 
morooco  leather.  The  yellow  crystalline  oolouring-principlo  of  the  barberry  is 
termed  Beberine. 

It  is  a  common  notion  among  formers  that  barberry  bushes  cause  the  neighbouring 
wheat  to  become  blighted.  This  was  long  regarded  by  botanists  as  nothingmore  than 
a  popular  prejudice,  but  the  recent  researches  of  Oersted  and  Be  Bary  have  shown 
that  it  reaUy  has  foundation  in  fact  It  is  now  proved  that  the  two  kinds  ^f  fungus,  of 
which  one  infests  the  barberry  and  the  other  the  wheat  though  so  different  as  to  be 
placed  in  distinct  genera,  are  really  altemating  forms  of  one  and  the  same  species. 
In  one  condition  of  its  existence  the  fiingus  grows  only  on  the  barberry  bush,  but  at 
a  later  period  of  its  development  it  gives  rise  to  an  organism  which  produces  the  rust 
of  wheat  Hence,  a  scientific  relation  is  established  between  the  appearance  <^  tho 
disease  and  the  presence  of  the  barberry. 

BAWTTtTiA.  (Soude^  BarUle,  Fr. ;  Barilla^  Ger.)  A  crude  soda,  procured  by 
the  indnoration  of  the  8aUola  soda,  a  plant  cultivated  for  this  purpose  in  Spain, 
Sicily,  Sardinia,  and  the  Canary  Islands.  In  Alicante  the  plants  are  raised-  f^m 
seed,  which  is  sown  at  the  dose  of  the  year,  and  they  are  usually  fit  to  be  gathered 
in  September  following.  In  October  the  plants  are  usually  burned.  For  this  pur- 
pose holes  are  made  in  the  earth,  capable  of  containing  a  ton  or  a  ton  and  a  half  of 
soda.  Iron  bars  are  laid  across  these  cavities,  and  the  dried  plants,  stratified  with 
dry  reeds,  are  placed  upon  them.  The  whole  is  set  on  fire.  Tne  alkali  contained  in 
the  plants  is  fused,  and  it  flows  into  tho  cavity  beneath,  a  red-hot  fluid.  By  con- 
stantly heaping-on  plants,  the  burning  is  continued  until  the  pits  aro  full  of  barilla ; 
they  are  then  cove^d  up  with  earth  and  allowed  to  cool  gradually.  The  spongy 
mass  of  alkali,  when  suffidently  cold,  is  broken  out,  and,  without  any  farther 
preparation,  it  is  ready  for  shipment.  Good  barilla  usualljr  contains,  according 
to  Dr.  Ure's  analysis,  20  per  cent,  of  real  alkali  associated  wit)i  muriates  and  sul- 
phates, chiefly  of  soda,  some  lime,  and  alumina,  with  very  little  sulphur.  Caustic 
leys  made  from  it  wore  formerly  used  in  the  finishing  process  of  the  hard-soap  manu- 
facture. 

The  manufacture  of  barilla  has  greatly  declined  since  the  introduction  of  Le  Blanc's 
process  for  artifidally  manufeictunng  soda  from  common  salt 

WLAMXMtMJL  BB  COB&B.  (Copper  BarUla,)  A  commercial  name  for  the 
native  copper  of  Corocoro  in  Bolivia.  ^The  copper  is  obtained  in  the  state  of  powder 
by  crushing  and  washing  the  red  Permian  sandstone,  which  contains  the  metal. 

8ASXTB.    A  form  of  spelling  adopted  by  Dana  for  the  mineral  usually  called 
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barytes  or  heavy  spar.  Professor  Dana  has  proposed  that  u  distinction  should  be 
established  between  the  names  of  minerals  and  those  of  rocks,  by  terminating  the 
former  in  'ite  and  the  latter  in  't/te.  Hence  the  diange  of  spelling  from  baryie  to 
bariie, 

MAMXUWUm  (From  fiaphs,  heavy,)  The  metallic  basis  of  the  eartli  baryta  was 
obtained  by  Dary,  in  1808,  by  the  Toltaic  decomposition  of  the  moistened  carbonate 
of  baryta  in  contact  with  mercury.  It  may  likewise  be  procured  by  passing  potassium 
in  vapour  oyer  baiyta  lieatod  to  redness  in  an  iron  tube,  and  afterwards  withdrawing 
the  reduced  barium  which  the  residuum  contains,  by  means  of  mercury.  The  latter 
metal  is  separated  by  distillation  in  a  glass  retort,  care  being  taken  not  to  raise  the 
temperature  to  redness,  for  the  barium  then  decomposes  glass.  Mr.  Crookes  has 
prepared  metallic  barium  by  adding  a  saturated  solution  of  chloride  of  barium  to  his 
sodium-amalgam,  and  heating  it  to  about  200^  F.  The  sodium  is  thus  replaced  by 
barium,  and  this  barium-amalgam,  when  purified,  is  heated  under  miphtha,  and  the 
mercury  thus  distilled  off,  lea^^ng  metallic  barium. 

Sarium  is  a  white  metal,  like  silver,  fusible  under  a  red  heat,  and  denser  than 
oil  of  vitriol,  in  whidi  it  sinks. — Graham, 

BASZUMy  OZZBB8  OV.  There  are  two  oxides  of  barium,  a  protoxide  BaO 
(baryta)  and  a  peroxide  BaO^  The  protoxide  will  be  described  under  Babtta. 
The  peroxide  may  be  obtained  by  passing  oxygen  over  caustic  baryta  heated  to  dull 
redness ;  the  oxygen  thus  absorbed  may  be  expelled  at  a  higher  temperature,  and  the 
psroxide  thus  reduced  to  th^  state  of  protoxid^.  Availing  himself  of  these  reactions, 
Boussingault  has  proposed  to  prepare  oxygen  gas  on  a  large  scale  by  first  forming 
peroxide  of  barium  by  the  passage  of  atmospheric  air  over  baryta  at  a  low  red  heat, 
and  then  decomposing  this  peroxide  by  ignition.  The  oxygen  would  thus  be  really 
derived  from  the  air,  and  the  barium-oxide  would  meroly  act  as  a  medium  for  its 
alternate  absorption  and  evolution,  and  might  theroforo  bo  used  over  and  over  again 
indefinitely.  Though  economy  seems  to  recommend  this  process,  thero  aro  practical 
difficulties  which  have  hitherto  interfered  with  its  working.    See  Babtta. 

BABZmK,  SA&T8  OV  I— 

Bbokibb  of  Babixtv.  Propared  by  saturating  baryta  water  with  hydrobromic 
acid. 

Chlobidb  of  Babium.  Made  from  the  native  sulphate  (heavy  spar),  bv  igniting 
it  In  a  cmcible  with  pounded  coal,  and  then  dissolving  this  sulphide  in  liydrochloric 
acid,  or  by  fusing  the  -native  sulphate  with  chloride  of  calcium.  The  commercial 
chloride  nequontly  contains  small  quantities  of  the  chlorides  of  strontium  and  calcium. 
Chloride  of  barium  is  especially  used  for  the  detection  and  estimation  of  sulphuric 
acid. 

Fluobidb  of  Babxvx.  Propared  by  neutralising  baxyta-water  by  hydrofiuorio 
add. 

loDiDB  OF  Babiux  is  foHued  when  bydriodic  acid  is  passed  over  baryta  at  a  red 
heat^ 

BUllMi  The  outer  rind  of  plants.  Many  varieties  of  barks  aro  known  to  com- 
meroe,  but  the  term  is  especially  used  to  express  either  Peruvian  or  Jesuits'  bark,  ti 
pharmaoeudcal  remedy,  or  Oak  bark,  which  is  very  extensively  lUted  by  tanners  and 
dyers.    The  varieties  known  in  commerce  aro : — 

CoBic  Babk.  (Fr.  Lieye ;  Kork,  Ger.).  Oak  Babk.  {Tan  brut,  "Pr. ;  Eichenrmde, 
Ger.).  Pbbuvian  Babk.  {Qti^i$tquina^1^,i  ChinarindetG&t,),  Qvbbcitbon  Babk. 
Wattlb  Babk.    See  these  respectively. 

liAJIiW!  BBBilP.  A  kind  of  bread  propared  in  many  part^  of  Norway  by  the 
pporer  peasants  from  the  inner  bark  of  the  Pinue  eylvestrU,    See  Pints. 

BABUrr.  {Orye^  Fr. ;  GerstCt  Oer.)  Hordeum,  Linn.  This  term  is  supposed 
to  be  derived  from  kordus,  heavy,  because  the  broad  made  from  it  is  very  heavy. 
Barley  belongs  to  the  class  Endoyens,  or  Nottocotylexlons ;  Glumel  JUiance,  of  Lindley : 
natural  order,  Graminacea, 

Thero  aro  four  species  of  barley  cultivated  in  this  country : — 

1.  Hordeum  hexastichon.    Six-rowed  barley,  or  Winter  barley. 

2.  Hordeum  vulyare.    The  Scotch  bero  or  bigg ;  the  four-rowed  barley. 
8.  Hordeum  zeocrUon.    Putney,  fan,  sprat,  or  battledoro  barley. 

4.  Hordeum  disiichon.    Two-rowed  long-earod  barley,  or  Summer  barley. 

Barley  and  oats  aro  the  cereals  whose  cultivation  extends  farthest  north  in  Europe. 

The  specific  gravity  of  English  barley  varies  from  1*25  to  1'33 ;  of  bi^  from  1*227 
to  1*266 ;  the  weight  of  the  husk  of  barley  is  },  that  of  bigg  |.  Specific  gravity  of 
barley  is  1*285,  by  Dr.  Uro's  trials.  1,000  parts  of  barley-fiour  contain,  according  to 
Einhof,  720  of  staroh,  56  sugar,  50  mucilage,  36*6  gluten,  12*8  vegetable  albumen, 
100  water,  2*5  phosphate  of  lime,  and  68  fibrous  or  ligneous  matter. 

From  the  examination  instituted  by  the  Boyal  Agricultural  Society  of  England,  and 
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carried  out  nnder  the  directions  of  Mcsarii,  Way  and  Oggton,  the  following  result* 
have  boon  anived  at : — 


Kind  of  Barley  employea 

Mbtatamin        Speoiflc 

100  Parti  of     Gravity  of 

Grain             Grains 

Adiin 
lOOPartaof 
dried  Grain 

Unknown      ,.,,-.- 

1200 
1000 
1600 
11-00 
16-00 
15*00 

1*260 

1*234 

1-268 

••• 

2*48 
2-50 
2-82 
2*88 
2-75 
14*23 

CheTalior  barley  . 
Ditto 

Ditto,  from  Moldavia 
Ditto         .... 

Grains  of  Chovalier  barley    , 

The  analyses  of  several  varieties  gave  as  the  composition  of  the  ashes  of  the  grains 
of  barley : — 


Chevalier 

Prom 

Chevalier 

Potash 

Barley 

Moldavia 

Barl^ 

2114 

20*77 

37*55 

7*70 

Soda       . 

*•• 

4-56 

1*06 

0*86 

lime 

1*65 

1-48 

1*21 

10*86 

Magnesia 

7*26 

7*45 

1017 

1*26 

Sesqnioxide  of  iron 

2*18 

0-51 

1*02 

1*46 

Snlphnrio  acid 

1*91 

0-79 

0-27 

2*99 

SiHca     . 

80*68 

82-78 

24*56 

70*77 

Fhosphorio  add 

28-58 

81*69 

28-64 

1-99 

Chloride  of  sodium 

1*01 

... 

1*47 

1*10 

In  the  *  Synopsis  of  the  Vegetable  Products  of  Scotlaad,'  by  Peter  Lairaon  and 
Son,  irill  be  found  the  best  description  of  all  the  different  yarieties  of  barley ;  and, 
since  the  La-wsonian  collection  is  in  the  museum  of  the  Boyal  Botanic  Gardens  at 
Kew,  the  grains  can  be  examined  readily  by  all  -who  take  any  interest  in  the  subject. 
A  fev  only  of  the  rarieties  will  be  noticed. 

The  true  tix-rowed  BarUjf,  known  also  as  Pomeranian  and  as  siz-rowed  white  winter 
barley. — This  is  a  coarse  barley,  but  hardy  and  prolific.  It  is  occasionally  sown  in 
France,  and  also  in  this  country,  sometimes  as  a  winter  and  souMtimes  as  a  spring 
barley,  and  is  found  to  answer  pretty  well  as  either* 

Naked  two-rowed. — ^Ear  long,  containing  twenty-eight  or  thirty  Twr  large  grains, 
whidi  separate  from  the  palese,  or  chafl|  in  the  manner  of  wheat.  This  variety  has 
been  introduced  to  the  notice  of  agriculturalists  at  various  times,  and  under  diflbrent 
names,  but  its  cultivation  has  never  been  carried  to  any  great  extent. 

Common  Bere,  Biffff,  or  rough  Barfe^.— This  variety  is  chiefly  cultivated  in  the  High- 
lands of  Scotland,  and  in  the  Lowlands  on  exposed  inferior  soils. 

Victoria. — ^A  si^pwrior  variety  of  the  old  bigg,  compared  with  which  it  produces 
longer  straw,  and  is  long-eared,  often  containing  70  or  100  grains  in  each.  Instances 
have  been  known  of  its  yielding  18  quarten  per  acre,  and  weighing  as  much  as  96  lbs. 
per  bushel. 

Beyond  these  there  are  the  winter  Nook  ;  the  winter  white  ;  old  Soottieh  four^rowed ; 
nahea,  golden^  or  Italian  ;  Suffolk  or  Norfolk,  and  Short-neoked ;  cultivated  in  various 
districts,  and  with  varying  quisdities.    See  Bbbb. 

Ihtal  Acreage  of  Barley  grown  in  Great  Britain  in  each  year  from  1868  to  1872, 


Barley 

1868 

1860 

1870 

i8n 

1872 

Eni^nd  . 
Wides      . 
Scotland. 

1,780,201 
151,608 
219,515 

1^864,088 
157,582 
229,810 

1,963,744 
168,858 
244,142 

1,964,210 
169,751 
251,822 

1,896,408 
168,014 
251,915 

Great  Britain  . 

2,151,824 

2,251,480 

2,87i;789 

2,385,788 

2,816,382 

v2 
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Statement  of  QuofUUiea  qf  Barley  ^produced  in  Foreign  Countritt  m  the  fdlowing 

years : — 


Yean 

Countzkt 

Quuitity 

Bnabels 

1870 

Sweden     •        .        •        . 

12.877,827 

1870     •  . 

Norway    ;       ;       ; 

3;749.872 

1871 

Prussia     ;       ;        .        '. 

'  113,920,223 

1871 

Wiirtembelrg      *. 

6,028,400 

1863        . 

Bavaria    ;        ; 

16,910,539 

1870     •  •.        . 

Holland    ;       .       ;       ; 

6,088,682 

1866        . 

Belgium    '. 

3,666,643 

1869 

Erance      .... 

66,495,697 

1865 

Portugal   •        •        .        . 

1,926,000 

1867        .        . 

Spain        ... 

76,427,687 

1871        .        . 

Austria     .... 

44,933,867 

1866 

Italy     ..... 

20,634,907 

1867 

Greece      .... 

2,128,480 

1871        .        . 

United  States    . 

26,718,600 

»•  »OT,  and  vMaml.     tHien  barley  is 

depriTod  of  its  husk  by  a  mill,  it  forms  the  Scotch,  Hutted,  or  Pot  Barley,  \  When  all 
the  integuments  of  the  grains  are  removed,  and  the  seeds' are  rounded  and  polished, 
they  constitute  BeairUBarley,  The  flour  obtained  by  [grinding  p«arl-barley  to  powder 
is  called  lVi&»<  £aW^. 

BAJUUnr-SVOAB.  Sugar  boiled,  formerly  in]  barley-water,  until  it  is  quite 
transparent  and  crisp.    It  is  flavoured  with  either  orange]  or  lemon  pi^l. 

1IA3|tMi  (Derived  from  th^.Sazon  beomu  ;  or  fh>m  oe^'rahm,  becr-croam.)  The 
yeasty  top  of  fermenting  beer.  It  is  used  as  leaven  in  l>read,  and  to  establish  fer- 
mentation in  liquors.    ^  Beer,  Ebbmbntatiox. 

,  BAB^MUkSTn*  In  Perbvphire,  the  authority  to  whom  aU  disputes  in  lead- 
mining  are  referred.  Bfi  has  cbfixg^  of  the  standajrd  'dish'  or  measure  used. for 
measuring  the  ore.    It  is  the  same  as  Baryh-maater, 

.  -  BAlUNQO^ra  or  SAlMIKOTB*,  A  court  held  for  determining  such  questions  as 
may  arise  in  lead-mining.    It  is  usually  hi^ld  in  Derbyshire  twice  a  year. 

BAR  OF  QM/QfUMI^m  A  coturse  of  rock  dissimilar  to  the  ordinary  vein-ston^ — 
which  runs  across  a  minexallode. 

»llBOi(MI'A'BM»  This  mime  signifies  a  measurer  of  weight — the  column  of  mer- 
cury in  the  tube  of  the  baromet^  being  ezactW  balanced  against  the  weight  of  a 
c(dum|i  «f  air  of  the  same  diameter,  reaching  nom  the  sur&ce  of  the  eardi  to  the 
extreme. limits  of  the  atmosphere.  The  length  of  this  column  of  mercury  is  never 
more  than  thirty-one  inches ;  below  that  point  it  may  vary,  according  to  conditions, 
through  several .  inches.  Thero  have  been  many  useful  applications  of  the  baro- 
meter, but  the  only  one  with  which  this  Dictionary  has  to  deal  appears  to  bo  the 
use  of  the  instrument  in  coal  mines.  It  ip  now  necessair,  under  the  Coal  Mnes' 
Begulataon  Act,  that- a  barometer  and  a  thermometer  should  bo  found  in  every  collierv. 
Thu  has  arisen  teem  a  prevailing  idea  that  the  explosions  of  fire-damp  have,  m 
numerous  instances,  arisen  from  the  alteration  of  atmo^heric  pressuro. 

The  rolation  between  the  state  of  the  barometer  and  the  occuirence  of  colliery  ex- 
plosions has  been  investig^ited  by  Messrs.  B.  H.  Scott»  F.  B.  S.,  and  W.  Galloway,  in 
a  paper  .'On  the  Connection  between  Explosions  in  Ck>llieries  and  Weather.' — iVo- 
ceedingt  <^the  Boyal  Society,  April  IQth,  1872.     . 

Mr.  T.  Dobson  read  a  paper  *  On  the  relation  between  Explosions  in  Collieries  and 
Bevolving  Storms '  at  the  meeting  of  the  British  Association  at  Glasgow  in  1865, 
whidi  is  printed  in  the  Beports  for  that  year.  Mr.  Bunning  has  given  in  the 
'  Transactions  of  the  North  of  England  Institute  of  Mining  Engineers '  diagrams 
showing  the  meteorological  records  nom  the  observatories  of  Kew  and  Glasgow,  and 
the  explosions  in  collieries  roported  in  those  years.  It  is  not  possible  in  this  place  to 
examine  a  question  complicated  as  this  one  is  by  the  numerous  conditions  which 
surround  the  operations  of  woridng  coals,  and  ventuatdng  a  colliery.  This  results  of 
tha  examinations  made  from  time  to  time  beforo  Committees  of  th^  House  of 
Commons,  and  other  Committees,  and  by  individuals,  many  of  which  aro  carefully 
recorded  in  the  paper  already  referred  to,  go  to  show  that  meteorological  changes  aro 
the  proximate  causes  of  a  laj^ge  majority  of  colliery  explosions, *and  nence,  therefore, 
the  necessity  of  careftiUy  watdiing  the  changes  of  the  barometer,  and  of  regulating 
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tho  Tontilation  in  obedienee  to  its  indications.  So  strongly  "was  tJus  felt  by  the 
Meteorological  Committee  who,  in  1868,  carefully  examined  the  question,  that  thoy 
proposed  to  send  telegraphic  intelligence  of  stOTms — arising  as  they  always  do  firom 
disturbances  of  the  atmospheric  pressure — to  colliery  proprietors.  Messrs.  Scott  and 
Galloway  conclude  their  paper — above  referred  to — in  tho  following  words: — 
'Whether,  therefore,  the  barometer  fells  or  the  temperature  rises,  it  is  absolutely 
necessary  to  keep  a  most  careful  trntch  over  the  amount  of  air  passing  through  the 
workings,  in  order  to  x>reTent  the  formation  of  dangerous  accumuuitions  of  explosive^ 
mixtures  of  air  and  fire-damp  in  all  mines  in  •  whioi  the*  margin  between  danger'  and' 
safety  is  very  smaU.  .  .  .  ^e  one  cry — whether  we  loob  to  security  a^inst  explosion, 
or  to  aSbid  to  miners  an  atmosphere  which  is  respirable  without  injury  to  h^lth — 
is  more  air.'    See  Coix-MnnKO  and  Vkntiiatiok  of  Moras.  • 

BABBSOB.  A  xeoollen  fiibric,  in  both  warp  and  woof,  which  takes  its  name 
irom  the  district  in  which  it  was  first  manufactured — ^the  especial  locality  being  a 
little  yilh&ge  named  Arosons,  in  the  beautiM'  valley  of  'Barrages.  '  It  was  first  em- 
ployed as  an  ornament  for  the  head,  espedally  for  sacred  ceremonies,  as  baptasm  and 
marriage.  Paris  subsequently  became  celebnrated  for  its  barrages,  but  these  were' 
generaUy  woven  with  a  warp  of  silk.  Enormous  quadtitietf  of  cheap  barr^^es  are 
now  made  with  a  warp  of  cotton* 

BJLBBBXta  (Bart/,  Pr.)  A  round  vessel,  t>r  caAk,  of  greater  length  than  b^dth, 
made  of  staves,  and  hooped.  ..... 

Tho  English  barrel — wine  measure  contains  31^  ]gallotks. 

„  (old)  beer  „        ,,       .36  .    „   . 

„  .  {old)  ale     „        „      .  32  .    „  . 

„  beer  vinegar        ,.      .34  .    „ 

,f  contains  126  Paris  pii^^. 

The  ale  and  beer  barrels  were  equalised  to  84  ^lons  by  a  statute  of  THlliam  and 
Mary.  The  wine  gallon,  by  a  statute  of  Anne,,  was  declared  to  be  281  cubic  inches ; 
the  beer  gallon  being  usually  reckoned  as  282  cubic  inches.  The  imperial  gallon  is. 
277*274  cubic  inches.    The  old  barrels  now  in  use  are  as  follows : — 

Wine  barrel 26|  imperial  gallons. 

Ale        „     (London)      .        .        .  33h  „ 

Beer      „ 86H  „ 

Ale  and  beer,  for  England       .        •  34f  J  „ 

The  baril  de  Florence  is  equivalent  to  20  bottles. 

The  Connecticut  barrel  for  liquors  is  31|  gallons,  each  gallon  to  contain  231  cubic 
inches.  The  statute  barrel  of  America  must  be  from  28  to  31  gallons.  The  barrel  of 
fiour,  New  York,  must  contain  either  195  lbs.  or  228  lbs.  nett  weight.  The  barrel  of 
beef  or  pork  in  Kew  York  and  Connecticut  is  200  lbs.  A  barrel  of  Essex  butter  is 
106  lbs.  A  barrel  of  Sufiblk  butter  is  256  lbs.  A  barrel  of  herrings  should  hold 
1,000  fish.  A  barrel  of  salmon  should  measuro  42  gallons.  In  machinery ^  anything 
hollow  and  cylindrical. 

BABBOW.  In  mining^  heaps  of  waste  stuff  raised  from  the  mine ;  rubbish, 
called  in  Cornwall  *  deads.' — The  conical  baskets  into  which  salt  is  put. 

MMMWOOJ^  An  African  rod  dye-wood,  the  produce  of  tho  Baphtta  niiida, 
belonging  to  the  Ltgwmno^m  or  pea-order — a  tree  which  also  yields  Camwood.  Al- 
though mstinctions  are  made  between  sandal  or  saunders  wood,  camwood,  and  btfuv 
woo(C  they  appear  to  be  very  nearly  allied  to  each  other — at  least,  the  colouring- 
matter  is  of  the  same  composition.  They  come,  however,  from  difierent  places.  See 
Castwood  and  Sakdal  Wood. 

MM.  Girardin  and  Preisser  thus  describe  barwood  :— 

This  wood,  in  the  state  of  a  coarse  powder,  is  of  a  bright  red  colour,  without  any 
odour  or  smelL    It  imparts  scarcely  any  colour  to  the  sabva. 

Cold  water,  in  contact  with  this  t)owder,  only  acquires  a  fawn  tint  after  five  days' 
maceration.  100  parts  of  water  only  dissolve  2*21  of  substances  consisting  of  0*85 
oolouring-matter  and  of  1  '30  saline  compounds.  Boiling  water  becomes  more  strongly 
coloured  of  a  reddish  yellow ;  but,  on  cooling,  it  deposits  a  part  of  tho  colouring- 
prindple  in  the  form  of  a  red  powder.  100  parts  of  water  at  212**  dissolve  8*86  of 
substances  consisting  of  7*24  colouring-principle,  and  1*62  salts,  especially  sulphates 
and  chlorides.  On  macerating  the  powder  in  strong  alcohol,  the  liquid  almost  imme- 
diately acquires  a  very  dark  vinous  red  colour.  To  remove  the  whole  of  the  colour 
Arom  fifteen  grains  of  this  powder,  it  was  necessary  to  treat  it  several  times  with  boil- 
ing alcbhoL     The  alcoholic  liquid  contained  0*23  of  colouring-principle  and  0*004  of 
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salt.     Barwood  contains,  therefore,  23  per  cent,  of  red  colouring-matter;  whilst 
sannders  wood,  according  to  Pelleticr,  only  contains  16*75. 
The  alcoholic  solution  behaves  in  the  following  manner  towards  reagents : — 

Distilled  water  added  in  great  quantity .  Produces  a  considerable  yellow  opales- 
cence. The  predpitato  is  re-dissolrcd 
by  the  flzed  alkalis,  and  the  liquor  ac- 
quires a  dark  tIuous  colour. 

Fixed  alka]]0        •       •       •       .       •    Turn  it  dark  crimson,  or  dark  violet 

Lime-water   •«••••    Ditto. 

Sulphuric  acid       «       •        •       •        .    Darkens  the  colour  to  a  cochineal  red. 

Sulphuretted  hydrogen  .        •        .        ,    Acts  like  water. 

Salt  of  tin     .•/...    Blood-red  prediMtate. 

Chloride  of  tin Brick-red  precipitate. 

Acetate  of  lead      .        •        •       .        .    Dark  violet  gelatinous  prodpitate. 

Salts  of  the  protoxide  of  iron         .        .    Veiv  abundant  violet  precipitates. 

Copper  salts.        •        .        «        .        .    Tiolet-brown  gelatinous  precipitates. 

Ch^de  of  metcury       •       «        .        •    An  abundant  precipitate  of  a   brick-red 

colour. 

Nitrate  of  bismuth         •       #       •        •    Gives  a  lieht  and  brilliant  crimson  red. 

Sulphate  of  zinc Bright  red  flocculent  precipitate. 

Tartar  emetic        •        •       •        .        •    An  abundant  precipitate  of  a  dark  cherry 

colour. 

Neutral  salts  of  potash  •        .        •        .    Act  like  pure  water. 

Water  of  baryta Dark  violet-brown  precipitate. 

Gelatine        •••.*.    Brownish-yellow  odircous  precipitate. 

Chlorine       ««••••    Brings  bade  the  liquor  to  a  light  yellow, 

with  a  slight  yellowish-brown  precipitato, 
resembling  hydrated  peroxide  of  iron. 

Pyioxylic  spirit  acts  on  barwood  like  alcohol,  ^nd  the  strongly  coloured  solution 
behaves  similarly  towards  reagents.  Hydrated  ether  almost  immediately  acquires 
an  orange-red  tint,  rather  paler  than  that  with  alcohol.  It  dissolves  19*47  per  cent  of 
the  oolouring-prindple.  Ammonia,  potash,  and  soda,  i  n  contact  with  powder^  barwood, 
assume  an  extremely  dark  violet-red  colour.  These  solutions,  neutralised  with  hydro- 
chloric add,  deposit  the  colourinff-matter  in  the  form  of  a  dark  reddish-brown  powder. 
Acetic  add  becomes  of  a  dark-red  colour,  as  with  saunders  wood. 

Barwood  is  but  slightly  soluble ;  but  the  difficulty  arising  from  its  slight  solubility 
is,  according  to  Mr.  Napier,  overcome  bpr  the  following  very  ingenious  arrangement : 
— The  colouring-matter  while  hot  combines  easily  wiUi  the  proto-compounds  of  tin, 
formiuff  an  insoluble  rich  red  colour.  The  goods  to  bo  dyed  are  impregnated  with 
proto-<mloride  of  tin  combined  with  sumach.  The  proper  proportion  of  barwood  for 
the  colour  wanted  is  put  into  a  boiler  with  water  and  brought  to  boiL  The  goods 
thus  impregnated  are  put  into  this  boiling  water  containiuff  the  rasped  wood,  and 
the  small  portion  of  oolouring-mattw  dissolved  in  the  water  is  immediately  taken  up 
by  the  goods.  The  water,  thus  exhausted,  dissolves  a  new  portion  of  colouring- 
matter,  which  is  again  taken  up  by  the  goods,  and  so  on  till  the  tin  upon  the  cloth 
has  become  (if  we  may  so  term  it)  saturated.  The  colour  is  then  at  its  orightest  and 
richest  phase. 

BAmTTA.  (Baryte,  Er.^  One  of  tlio  simple  earths,  protoxide  of  barium  (BaO^. 
It  may  be  obtained  most  easily  by  dissolving  the  native  carbonate  of  baryta  in  nitnc 
add,  evaporating  the  neutral  nitrate  till  crystals  be  formed,  draining  and  then  cal- 
dning  these,  by  successive  portions,  in  a  covered  platina  crucible,  at  a  bright  red  heat 
A  less  pure  baryta  may  be  obtained  by  igniting  strongly  a  mixture  of  the  carbonate 
and  charcoal,  both  in  fine  powder  and  moistened.  It  is  a  greyish-white  earthy 
loddng  substance,  fhsible  only  at  the  jet  of  the  oxy-hydrqgen  bK>wpipe,  has  a  sharp 
caustic  taste,  corrodes  the  tongue  and  all  animal  matter,  is  poisonous  even  in  small 
quantities,  has  a  very  powerful  alkaline  reaction ;  a  specific  gravity  of  4*0 ;  becomes 
hot  and  slakes  violently  when  sprinkled  with  water,  falling  into  a  fine  white  powder, 
called  the  hvdrate  of  bi^yta,  which  contains  10}  per  cent  of  water,  and  dissolves  in 
10  parts  of  boiling  water.  This  solution  lets  fall  abundant  eolumnar  cri^rtals  of 
hydrate  of  baryta  as  it  cools ;  but  it  still  retains  one-twentieth  its  wdght  of  baryta, 
and  is  called  baryta  water.  The  above  crystals  contain  61  percent  of  water,  of  which, 
by  dryibg,  they  lose  50  parts.  This  hydrate  may  bo  fused  at  a  red  heat  without 
losing  any  more  water.  Of  all  the  bases,  baryta  has  the  strongest  affinity  for  sul- 
phuric aad,  and  is  hence  eroployed^ither  in  the  state  of  the  above  water,  or  in  that 
of  one  of  its  neutral  salts,  as  the  chloride — to  detect  the  presence  and  determine  Uie 
quantity  of  that  add  present  in  any  soluble  compound. 


Digitized  by  VjOOQIC 


BASILICOISr  2^6 

BASTTAv  CAMBOMJLTM  OF*  The  composition  of  the  natire  carbonate  of 
biirjii,  called  Witherite,  after  Withering,  who  described  it  ('Phil.  Transactions/  1784), 
may  be  regarded  as  baryta,  77*59,  and  carbonic  add  22*4 1.  It  is  found  in  Shropshire, 
Cumberland,  Westmoreland,  and  Northumberland.  The  carbonate  of  baryta  is  em- 
ployed in  OUT  colour-manufeictories  as  a  base  for  some  of  the  more  delicate  colours ;  it 
is  also  used  in  the  manufacture  of  plate-glass,  and  of  Wedgwood-ware ;  and,  in  France, 
it  is  much  used  in  the  preparation  of  beet-root  sugar. 

A  small  quantity  only  of  carbonate  of  baryta  is  now  produced  in  this  country ;  in 
1870  about  2,813  tons,  19  cwt,  were  raised  in  Northumberland;  a  few  tons  were  sold 
from  Alston  Moor,  and  from  Snailbeach,  in  Shropshire. 

BAKTTAv  wmULTM  OV.  This  salt  is  used  in  pyrotochny  for  making  green 
Jire.  The  best  mixture  is  nitrate  of  baryta  77  parts,  sulphur  1 3  parts,  chlorate  of  potash 
5  parts,  metallic  arsenic  2  jparts,  charcoal  3  parts.  The  nitrate  is  prepared  by  dis- 
solving  carbonate  of  baryta  in  nitric  add. 

BAKTTAf  SnXiVBATa  OF*  This  compound  occurs  native,  forming  the 
mineral-spedes  known  variously  as  harite,  baryte,  or  hafytes.  Its  comparatively  high 
density  for  a  non-metallic  mineral  (4*7)  led  to  its  recognition  by  the  older  minera- 
logists as  spafhum  ponderosum,  or  terra  ponderosa,  and  it  is  still  commonly  known  as 
heavy  epar.  The  mineral  frequently  occurs  in  large  crystals,  usually  tabular  in  form. 
Massive  varieties,  common  in  manv  of  the  lead-mines  worked  in  the  mountain  lime- 
stone of  Berbyshiro  and  Shropshire,  aro  usually  termed  cawk;  certdn  columnar 
varieties  from  Saxony  are  known  to  German  mineralo^sts  as  Stanffenepath  ;  and  a 
peculiar  form  occurring,  near  Bologna,  in  nodules  which  present  a  radiated  struc- 
ture, is  called  Bologna  stone.  This  Bologna  spar  is  notable  for  the  phosphorescence 
which  it  exhibits  when  heated ;  the  so-called  '  Bologna  Phoephortts  *  was  made  by 
powdering  this  stone,  and  cementing  the  powder  into  the  form  of  sticks,  by  means 
of  gum. 

Sulphate  of  baryte  is  composed  of  baryta  65'63,  sulphuric  add  34*37i  with  some- 
times a  little  iron,  lime,  or  silica. 

This  salt  of  baryta  is  very  extensively  spread  over  various  parts  of  the  British 
islands.  It  might  be  obtained  in  very  large  quantitios  in  Devonshire,  Cornwall,  and 
other  places,  if  the  demand  for  it  sufficiently  increased  the  price,  so  as  to  render  the 
working  of  it  profitable.  It  is  worked  in  Derbyshire,  Yorkshire,  Shropshiro,  the  Isle 
of  Arran,  and  m  Ireland. 

Cawk,  or  massive  sulphate  of  baryta,  was  introduced  by  Josiah  Wedffwood  as  an 
important  ingredient  in  his  celebrated  '  jasper  waro,'  and  is  still  employed  by  the 
potter  in  produdng  a  similar  fine  paste.  But  the  mineral  is  chiefly  used  as  a  pigment, 
or  rather  for  adulterating  other  pigments. 

The  white  varieties  aro  ground  after  being  heated  and  thrown  into  water,  and  the 
heavy  white  powder  is  employed  in  adulterating  white  lead.  On  this  account  it  is 
very  difELcult  to  obtain  correct  returns.    The  production  of  1871  was : — 

Tons    Cvts. 

Derbyshire  4 2,189      6 

Shropshiro 695      1 

Northumberland 1,690      0 

Isle  of  Arran 400      0 

Cumberland 57    15 


Heavy  spar,  or  native  sulphate  of  baryta. 

BABIITtT.  One  of  the  most  common  varieties  of  trap-rock.  It  is  a  dark  green 
or  black  stone,  composed  chiefly  of  augite  and  labradorite-felspor,  very  compact  in 
texture,  and  of  considerable  hardness,  c^n  found  in  regular  pillars  of  three  or  moro 
sides,  called  basaltic  columns.  Remarkable  examples  of  this  kind  aro  seen  at  the 
Giant*s  Causeway  in  Iroland,  and  at  Fingal's  Cave,  in  Staffii,  one  of  the  Hebrides. 
Messrs.  Chance  (brothers),  of  Birmin^am,  at  one  time  adopted  the  process  of  melting 
the  Rowley  rag,  a  basaltic  rock  forming  the  plateau  of  the  Rowley  hills,  near  Dudley, 
South  Staflbrdshire,  and  then  casting  it  into  moulds  for  architectural  ornaments,  tiles 
for  pavements,  &c.  Not  only  the  Rowley  rag,  but  basalt,  greenstone,  whinstone,  or 
any  similar  mineral,  might  bo  used.  The  material  was  melted  in  a  reverberatory 
furnace,  and  when  in  a  suffidentlv  fluid  state  poured  into  moulds  of  sand  encased  in 
iron  boxes,  these  moulds  having  been  previously  raised  to  a  rod  heat  in  ovens  suitable 
for  the  purpose.  The  object  to  be  attained  by  heating  the  moulds  provious  to  their 
reception  of  the  liquid  material  is  to  rotord  the  rate  of  Cooling ;  as  tkd  result  of  slow 
coobng  is  a  hard,  strong,  and  stony  substance,  closely  resembling  the  natural  stone, 
while  the  result  of  rapid  cooling  is  a  dark  brittle  glass. 

BASX&SCOir.  The  name  given  by  the  old  apothecaries  to  a  mixture  of  oil,-wax, 
and  resin)  which  10  represented  by  the  Cerat  rrnna  of  the  present  day. 
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!•  Weaving  of  rods  into  baskets  is  one  of  the  most  ancient  of  the  arts 
amongjst  men ;  and  it  is  practised  in  almost  every  part  of  the  globe,  whether  inhabited 
by  civilised  or  savage  races.    Basket-making  requires  no  description  here. 

BA88»  or  BAST.  The  Bussian  mats  lued  by  gardeners  and  upholsterers,  made 
from  the  bark  of  the  Lime  or  Linden  tree,  are  called  Bast  mats.  The  name  is  also 
used  for  the  bark  or  tough  fibres  of  the  flax  and  hemp  plants  of  which  Bast  brooms 
are  made.  The  thick  mat  or  hassock  used  by  persons  to  kneel  on  at  church  is  called 
aBasa. 

HUkBBWTt  A  miner's  term  for  the  outcrop  of  strata.  When  a  seam  of  coal 
comes  to  the  surface,  it  is  said  to  *  basset.' 

JUkBSOXA  CIIFII*  A  gum  obtained  £^>m  the  Aoaoia  leuoophlaa,  brought  from 
Bassora,    It  has  a  specific  gravity  of  1*3591,  and  is  yellowish  white  in  colour. 

BAS80RZMB.  A  constituent  part  of  gum  Bassora,  as  also  of  gum  tragacanth. 
It  is  semi-transparent,  difficult  to  pulverise,  swells  considerably  in  cold  or  boiling 
water,  and  forms  a  thick  mucilage  without  dissolving. 

XA,TBA«  A  dish  made  slightly  conical,  which  is  employed  for  washing  acal  or 
gravel,  in  search  of  gold.  It  is  usually  about  20  inches  m  diameter,  and  2}  inches 
deep.  Before  using  Uie  batea^  to  ascertain  if  there  be  any  gold,  and  what  amount,  it 
is  necessary  to  be  very  careful  in  the  selection  of  the  sample  to  be  experimented  upon, 
llie  usual  manner  of  obtaining  such  a  sample  is  as  follows : — The  produce  of  gold  is  so 
very  irregular  that  it  is  necessary,  in  the  first  place,  to  break  from  the  rock  several 
hundredweights  to  secure  a  good  average  sample ;  all  of  which  should  be  broken  in 
pieces  about  the  size  of  a  walnut,  the  whole  well  mixed  together,  and  made  into  a 
round  fiat  heap ;  this  heap  is  cut  throng  the  middle,  and  an  equal  quantity  of  stuff 
being  taken  from  each  side  of  the  trendi  formed  by  the  cutting,  may,  for  a  rough  es- 
timation, be  at  once  pulverised  and  subjected  to  washing  in  the  batea  or  horn-spoon ; 
but  if  greater  accuracv  be  desired,  it  is  well  to  take  about  half  a  hundredweight  from 
each  side  of  the  trench,  and  this  be  again  reduced  to  pieces  of  about  the  size  dT  a  pea, 
then  formed  in  a  heap^  and  cut  as  before,  and  about  two  pounds  should  be  taken  from  - 
each  side  the  trench,  and  this  after  pulverisation,  and  being  passed  through  a  very 
fine  wire  sieve,  is  ready  for  a  very  accurate  trial  with  the  lAtea ;  or  is  qmte  fit  for 
nssa^r.  This  is,  indeed,  the  process  by  which  samples  aro  taken  of  the  poorer  copper 
ores  in  Cornwall. 

BATB  BRZOX«  A  brick  made  of  calcareous  and  siliceous  earth,  used  in  clean- 
ing knives  and  for  poHshing  purposes.  They  are  made  very  extensively  at  and  ncsir 
Bridgewator  from  a  deposit  found  in  the  estuary  there ;  a  similar  deposit  is  also 
Avorked  at  Cumwick,  at  the  entrance  of  the  Parrot  Bivor,  and  at  Higfabridge.  At 
Bridgewater  the  average  make  is  about  3,000,000  scouring  bricks  annually,  which  sell 
at  about  21,  per  thousand. 

BATB  MBTAXi.  An  alloy  in  nearly  equal  quantities  of  copper  and  zinc  Bath 
metal  consists  of  3  oz.  o^  zinc  to  lib  of  coppor.    See  Brass. 

BATB8.  (Bains,  Er. ;  Badm,  Ger.)  The  importance  attached  by  the  Greeks 
and  Bomans  to  bathing  is  sufficiently  attested  by  the  remains  of  magnificent  structures, 
which  still  excite  the  admiration  of  the  beholder,  and  by  the  beautiful  specimens  of 
fresco-painting  and  sculpture  discovered  in  their  baths^. 

It  is  computed  that  in  the  baths  of  Caracalla;  as  many  as  three  thousand  people 
could  bathe  at  the  same  time,  in' water  at  various  degrees  of  temperature,  to  suit  their 
inclinations.  The  warm  and  hot  baths  wore,  iiowevor,  almost  exclusively  in  use 
under  the  Emperors. 

•  During  the  KepubUc  the  baths  wore  cold.  Msecenas  was  the  first  to  erect  warm  and 
hot  ones  for  public  use ;  they  were  called  Therms,  and  were  placed  under  the  direc- 
tion of  sediles,  who  regulated  the  temperature,  enforced  cleanliness  in  the  establish- 
ment, and  order  and  decorum  among  me  visitors.  A^ppa,  during  the  time  ho  was 
aedile,  increased  the  number  of  thermsB  to  170,  and  m  the  course  of  two  centuries, 
there  were  no  less  than  dght  hundred  in  imperial  Home.  The  inhabitants  resorted 
to  the  baths  at  particular  nours,  indicated  by  striking  a  bell  or  gong.  Adrian  forbade 
their  being  open  before  eight  in  the  morning,  except  in  cases  of  sickness ;  whereas 
Alexander  Sevems  not  only  permitted  them  to  be  open  during  the  whole  diiy,  but 
also  to  be  used  through  the  night  in  the  great  heats  of  summer. 

It  was  a  common  practice  with  the  Romans  to  bathe  towards  evening,  and  parti- 
cularly before  supper :  a<Hne  of  the  more  luxurious  made  use  of  the  bath  even  after 
this  meal.  We  are  told  of  many  citizens  of  distinction  who  wore  in  the  habit  of 
bathing  four,  or  tTe,  and  even  eight  times  a  day.  Bathing  constituted  a  part  of  public 
rejoicings,  equally  with  the  other  spectacles,  and  like  them  was  prohibited  when  the 
country  suffered  under  any  calamity.  All  classes  resorted  to  the  baths ;  the  emperors 
themselves,  such  as  Titus,  Adrian,  and  Alexander  Sovcrus,  were  occasionally  seen 
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among  the  bathers.  The  price  of  admission  was  verr  small,  amonntiug  to  no  more 
than  a  farthing. — E.  Lee,  on  Mineral  Waters  and  Baths, 

Warm  baths  have  come  into  very  general  use  in  England,  and  they  are  now  consi- 
dered as  indispensably  necessaiy  in  all  modem  houses  of  any  magnitude,  as  also  in 
club-houses,  hotels,  and  hospitals ;  and  the  mode  of  constructing  baths,  and  of  ob- 
taining the  necessaiy  supplies  of  hot  and  cold  water,  has  undergone  muoh  improvement 
with  ui»  extension  of  their  employment. 

The  sereral  pmnts  in  regard  to  warm  baths  are, 

1.  The  materials  of  which  thoy  are  oonstvneted. 

2.  Their  situation. 

8^  The  supply  of  cold  water. 

4.  The  supply  x>f  hot  water.     * 

5.  Minor  comforts  and  conveniences. 

1.  As  to  the  materials  of  which  they  are  constructed. — Of  these  the  best  are  slabs 
of  polished  marble,  pooperly  bedded  with  good  water-tight  cement,  in  a  seasoned 
wooden  case,  and  neaUy  and  .carefully  united  at  their  respective  edges.  These,  when 
originally  well  constructed,  form  a  durable,  pleasant,  ana  agreeable-looking  bath,  but 
the  expense  is  often  objectiobable,*  and,'  in  utoer  chambers,  the  weight  may  prove  in- 
convenient. K  of  white  or  veined  marble,  taey  are  also  apt  to  get  yellow  or  dis- 
ooloured  by  frequent  use,  and  cannot  easily  be  cleansed ;  so  that  la^  Butch  tiles,'  as 
they  are  <»lled,  or  square  pieces  of  white  earthenware,  are  sometimes  substituted. 
Wdsh  slate  has  now  superseded  marble  to  a  great  extent ;  and  very  superior  baths 
are  now  manufiBMstnred  of  Stourbridge  day,  at  Stourbridge.  Copper,  tinned  or  galva- 
nised iron,  are  also  employed ;  the  first  is  most  expensive  in  the  outfit,  but  far  more 
durable  than  the  latter. 

2.  As  to  the  situation  of  the  bath,  or  the  part  of  the  house  in  which  it  is  to  bo 
placed. — ^In  hotels  and  club-houses,  this  is  a  question  easily  determined ;  several  baths 
are  usually  here  required,  and  each  shoidd  nave  annexed  to  it  a  properly  warmed 
dressing-room.  Whether  they  are  upstairs  or  downstairs  is  a  question  of  convenience, 
but  the  basement  stoiy,  in  which  they  are  sometimes  placed,  should  always  be 
avoided :  there  is  a  coldness  and  dampness  belonging  to  it,  in  almost  all  weathers, 
which  is  neither  agreeable  nor  salubrious. 

In  hospitals,  there  are  usually  several  baths  on  each  side  of  the  house  (the  men*s  and 
women'sjl,  and  the  supply  of  hot  water  is  ready  at  a  moment's  notice. 

In  private  houses,  the  fittest  places  for  warm  baths  are  dressing-rooms  annexed 
to  the  principal  bed-rooms ;  or,  where  such  convenience  cannot  bo  obtained,  a  sepa- 
rate bsith-ioom  connected  with  the  dressing-room,  and  always  'upon  the  bed-room 
floor, 

3.  The  supply  of  water  is  a  very  important  pointy  as  connected  with  the  present 
subject.  The  water  should  be  soft,  clean,  and  pure ;  and  as  firee  as  possible  fh>m  all 
substances  mechanically  suspended  in  it. 

4  and  5. — ^In  public  bathing  establishments,  whore  numerous  and  constant  baths 
are  required,  the  most  effective  means  of  obtaining  hot  water  for  their  supply  are  now 
employed.  It  is  drawn  directly  into  the  baths  fi^om  a  larce  boiler,  placed  somewhere 
above  their  leveL  The  hot  water  enters  the  bath  by  a  pipe  at  leadt  an  inch  and  a 
half  in  diameter,  and  the  cold  water  by  one  of  the  same  mmensioii.  The  relative  pro- 
portions of  the  hot  and  cold  water,  are  of  course  to  be  adjusted  by  a  thermometer ;  and 
orery  bath  has  a  two-in6h  waste-pipe,  opening  about  two  inches  from  the  top  of  tho 
bath,  and  8u£&ring  the  excess  of  water  freely  to  run  off;  so  that  when  a  person  is 
immersed  in  the  bath,  or  when  the  supplies  of  water  are  accidentally  left  open,  there 
may  be  no  danger  of  an  overflow. 

A  contrivance  of  some  ingenuity  consists  in  suffering  Uie  water  for  tho  supply  of 
the  bath  to  flow  from  a  cistern  above  it,  through  a  leaden  pipe  of  about  one  inch 
diameter,  which  is  conducted  into  the  kitchen  or  other  convement  place,  where  a  large 
boiler  for  the  supply  of  hot  water  is  already  fixed.  The  bath-pipe  is  immersed  in  this 
boiler,  in  which  it  makes  many  convolutions,  and  again,  emerging,  ascends  to  tho 
bath.  The  operation  is  simply  tJiis : — ^the  cold  water  passing  uurough  the  convolu- 
tions of  that  part  of  the  pipe  which  is  immersed  in  the  boiling  water,  receives  there 
sufficient  heat  for  the  purpose  required,  and  ascending,  in  obedience  to  ^e  law  of  fiuid 
pressure,  it  is  delivered  in  that  state  by  the  ascendingpipe  into  the  bath,  which  is  also 
supplied  with  cold  water  and  waste-pipes  as  usual.  The  pipemiay  be  of  lead,  as  far 
as  the  descending  and  ascending  parts  are  concerned,  but  the  portion  forming  the 
worm  or  convolutions  immersed  in  the  boiler,  should  bo  copper,  in  order  that  the 
water  within  it  ma^  receive  heat  without  impediment. 

The  facilities  which  are  now  a£Rnrded  for  the  construction  of  baths  in  prirato  housei, 
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and  for  the  use  of  them  at  a  very  cheap  rate  in  public  establishmenta,  render  it  quite 
unnecessary  to  retain  the  remarks  made  by  Dr.  Ure. 

Public  baths  and  ^wash-housos  have  now  become  common  amongst  us,  and  with 
them  an  increased  cleanliness  is  apparent,  and  improved  health  throughout  the  popu- 
lation. 

The  steady  increase  of  the  revenue  derived  from  the  baths  and  wash-houses  in 
London,  from  the  commencement  of  the  undertaking  in  1846,  shows  the  practicnl 
utility  of  these  institutions,  and  their  effect  on  the  physical  and  social  condition  of  the 
industrious  classes ;  yii. : — 

The  aggregate  receipts  of  nine  establishments,  during  £       s.  d, 

1853,  amount  to 18,213    5  8 

1852.  Eight  establishments 15,629    5  8 

1851.  Six  establishments 12,906  12  5 

1850.  Four  establishments 9,823  10  6 

1849.  Three  establishments 6,379  17  2 

1848.  Two  esUblishments 2,896    5  1 

1846!}  ^^^ ^'^^^     ^     ^ 

A  similar  increase  has  continued  to  the  present  time,  the  receipts  being  now,  1865, 
above  25,000^.  Those  conveniences — now,  indeed,  become  absolute  necessities — are 
extending  in  evexjr  part  of  the  country. 

Baths,  as  curative  agents,  are  of  various  kinds.  Txtrxisr  Bates,  tot  Bheumatism 
and  other  complaints — in  which  are  adopted  all  the  processes  which  have  been  so 
much  extolled  in  the  Oriental  bath  system— have  been  introduced  with  success  during 
the  last  few  years.  Although  mudi  lauded  by  some,  thoy  have  not  been  so  satis- 
factory to  others ;  and  do  not  therefore  appear  to  be  extending.  Vafoub  Baths  are 
stimulant  and  sudorific ;  they  may  be  either  to  be  breathed,  or  not  to  be  breathed.  Dr. 
Poreira  has  given  the  following  Tkble  as  a  comparative  view  of  the  heating  powers  of 
vapour  and  of  water: — 


Kind  of  Bath 

Water 

Vapour 

Kot  breathed 

Breathed 

Tepid  bath    . 
Worm  bath  . 
Hot  bath       . 

83«  to    92« 
92    „     98 
98    „  106 

96«  to  106° 
106     „    120 
120     „    160 

90<>  to  lOO** 
100     „    110 
110     „   130 

Local  vaw>ur  baths  exe  applied  in  affections  of  the  joints,  and  the  like. 

Vapour  aouche  is  a  jet  of  aqueous  vapour  directed  on  some  part  of  the  body. 

Medicated  vapour  baths  are  preparea  by  impregnating  vapour  with  the  odours  of 
medicinal  plants. 

Sulphur,  chlorine,  sulphurous  acid,  iodine  and  camphor,  are  occa^onally  employed 
in  conjunction  with  aqueous  vapour. 

Warnif  tepid,  and  hot  baths  are  sufficiently  described  above. 

BJLTB  STOira.  A  building  stone  raised  in  the  vicinity  of  the  city  of  Bath.  See 
Oolite. 

BATH  V  A JflXATBa  Dr.  C.  Greville  Williams,  who  has  been  largelv  employed  in 
the  distillation  of  bituminous  minerals,  and  amongst  others  of  the  Torbaniie  from 
Torbane  Hill,  near  Bathgate,  in  Scotland,  has  discovered  a  brown  friable  substance 
occasionally  filling  the  hollows  of  the  above  mineral.  This  is  inflammable,  and  has 
been  named  Bath  vif lite  by  its  discoverer. 

BATT.  A  name  given  to  a  highly  bituminous  shnlo,  which  is  often  found  inter- 
stratified  with  the  coaL  It  occurs  in  the  South  Stii£R>rdshire  coal-field,  and  has  been 
well  described  bv  Jukes  in  his  '  Geology  of  the  South  Staffordshire  Coal-Field.'  In 
Lancashire  this  shale  is  called  Black  Bass,  and  in  Flintshire,  where  thoy  are  distilling 
it  in  considerable  quantities,  it  is  known  as  Black  Slag, 

Batt  or  bat  is  also  a  term  applied  by  the  potter  to  a  plate  of  gelatine,  used  in 
printing  on  to  pottery,  or  porcelain  over  the  glaze.  In  bat-printing^  the  impression  is 
transfiraTod  from  an  engraved  copperplate  to  a  bnt  of  gelatine  or  glue,  whence  it  is 
printed  on  the  glaze,  in  oil  or  tar.  Enamel  powder  being  then  dusted  over  the  print, 
adheres  to  the  oiled  surface,  and  the  porcelain  is  then  fired  at  a  low  temperature.    See 

POTTKBT. 

In  meiallurgg,  a  process  of  flattening  a  piece  of  iron  by  a  blow 
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with  a  hammer,  so  as  to  compress  it  inwardly,  and  spread  it  outwardly  on  all  sides 
around  the  place  of  impact.    See  Stamps. 

BATmtT.  In  fiwnvng^  a  stamping  mill.  In  electricity,  a  combination  of 
g^ass  plates  or  jars,  with  both  snrfSftces  coated  with  tinfoil.  A  combination  of  zinc 
and  copper,  or  of  other  dissimilar  metal  plates,  which  ore  placed  in  an  add  solution, 
or  some  other  exciting  fluid.    The  galvanic  battery.    See  IxBcnuaTT. 

BAinbX.  A  piece  of  timber — uie  whole  trunk  of  a  tree.  The  term  is  applied  by 
London  timber-merchants  to  wood  in  lengths  of  horn  20  to  25  feet  and  10  inches 
square. 

MAJIMXTMrn  A  mineral  which  was  at  one  time  regarded  as  an  ore  of  iron.  It  is  so 
called  fhmi  Banx,  near  Aries,  the  name  of  one  of  the  localities  in  France  where  it  is 
found.  Its  composition  yaries,  but  the  following  analysis  of  a  specimen  from  Rorest, 
near  Toulon,  may  be  taken  as  typical . — 

Silica      • 2*8 

Oxide  of  titanium   .        •        •        •        •  3*1 

Sesquioxide  of  iron 25*5 

Alumina.        ..•..*  57*4 

Carbonate  of  lime 0'4 

Water 10*8 

It  is  used  as  the  source  from  which  to  obtain  aluminiiim  with  the  most  facility  and 
in  the  greatest  puri^«    See  Alumiktom. 

BAT  SJL&Vt    The  larger  crystalline  salt  of  commerce.    See  Salt. 

XA,Tt  TBB  SWWTt  {Lattrus  nofnlis,^  Bay-leares  have  a  bitter  aromatic 
taste,  and  an  aromatic  odour,  which  leads  to  tneir  use  in  cookery. 

BAT&IMranTB.  A  hydrated  arsenate  of  lead  and  copper  from  Cornwall.  It 
occurs  in  little  concretions  of  a  grass-green  colour;  and  was  described  by  Prot. 
Church  in  the  *  Journal  of  the  Chemical  Society'  for  1865. 

BA,TSf  OX&  OF.  This  oil  is  imported  in  barrels  fh)m  Trieste.  It  is  obtained 
from  the  fresh  and  ripe  berries  of  the  bay-tree  by  bruising  them  in  a  mortar,  boiling 
them  for  three  hours  m  water,  and  then  xn^sing  them.  When  cold,  the  expressed  oil 
is  found  floating  on  the  top  of  the  decoction.  Its  principal  use  is  in  the  preparation 
of  veterinary  embrocations. 

BBnuuVM.  Two  gum-resins  pass  in  commerce  by  this  name.  One  is  the  false 
myrrh  (the  Bdellium  of  Scripture),  the  produce  of  the  Amyris  commiphora,  Tlie  other 
is  the  African  Bdellivm,  obtained  from  Hettdolatia  Afiicana,  PelleUer  gives  the 
composition  of  the  African  bdellium  as — ^resin,  59*0 ;  soluble  gum,  9*2 ;  bassonne,  80*6 ; 
voUtile  oil  and  loss,  1*2. 

BBABS.  (Crrotn,  Fr.)  Perforated  balls  of  glass,  porcelain,  or  gems,  strung  and 
worn  for  ornaments.  Amongst  some  of  the  uncivilised  races,  beads  aro  employed 
instead  of  money. 

The  use  of  beads  is  of  the  highest  antiquity.  They  are  found  in  the  tombs  of 
Thebes  and  in  the  ruined  tem^es  of  Assyria.  They  are  discovered  buried  with  the 
mighty  dead  of  GFreece.  The  Koman  lady  had  them  placed  with  her  in  her  grave ; 
and  even  in  the  burial-places  of  the  ancient  Britons  we  flnd  beads,  and  these,  too,  of 
A  similar  pattern  to  such  as  we  have  eveiy  reason  to  believe  are  as  old  as  Moses. 
Indeed,  the  peculiar  ornamented  zigzag  pattern  of  the  most  ancient  beads  has  been 
always,  and  still  is  manufactured  at  Venice,  and  found  over  the  entiro  continent  of 
Africa. 

Glass  beads  have  long  been  made  in  very  laige  quantities  in  the  glass-houses  of 
Murano,  at  Venice. 

Glass-tubes,  previously  ornamented  by  colour  and  reticulation,  aro  drawn  out  in 
proper  sizes,  from  100  to  200  feet  in  length,  and  of  aU  possible  colours.  Not  less  than 
200  shades  aro  manufactured  at  Venice.  These  tubes  aro  cut  into  lengths  of  about  2 
feet,  and  then,  with  a  knife,  aro  cut  into  fragments,  having  about  the  same  length 
as  Uieir  diameter.  The  edges  of  these  beads  aro,  of  course,  sharp ;  and  they  aro  sub- 
jected to  a  process  for  romoving  this.  Sand  and  wood-ashes  aro  stirred  with  the  beads, 
so  that  the  perforations  may  be  filled  by  the  sand ;  this  provents  the  pieces  of  glass 
from  adhering  in  the  subsequent  process,  which  consists  in  putting  tJiem  into  a 
revolving  cylinder  and  heating  them.  The  finished  beads  aro  sifted,  sorted  in  various 
sizes,  and  strung  by  women  for  the  market. 

In  the  Jurors'  Report  of  the  Great  Exhibition  of  1851,  are  the  following  romarks  on 
this  manufacturo  *. — 

*The  old  Venetian  manufacturoi  of  glass  and  glass-waros  fully  sustain  their  im* 
portance;  and  those  of  paper,  jewellery,  wax  •lights,  velvets,  and  laces,  rather 
exceeded  their  ordinary  production.  The  one  article  of  beads  employs  upwards  of 
0,000  people  at  the  principal  fabric  on  the  island  of  Hurano ;  and  the  annual  value  is 
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at  least  200,000/.  Thoy  are  exported  to  Londoq,  Mandlles,  Hamburg,  and  thenee 
to  AMca  and  Asia,  and  the  great  Eastern  Archi^lago.'  The  perles  ala  lune  are  a 
finer,  and,  consequently,  more  expensive  bead,  which  are  prepared  by  twisting  a  small 
rod  of  glass,  softened  by  a  blow-pipe,  about  an  iron  wire.  The  preparation  and 
cutting  of  goms  into  beads  belong  especially  to  the  lapidary.  The  production  of  beads 
of  Paste,  and  of  artificial  Pearls,  will  bo  noticed  under  those  heads  respectavely.  In 
India  beads  of  rock-crystal  are  often  yery  beautifully  cut.  In  1871  we  imported 
2'204,241  lbs.  of  glass  beads.    See  Pastb  ;  Pbabls. 

BBAX  TRBB.  {I^frm  Jric)  The  wood  is  used  for  axle-trees,  nayes  of 
wheels,  and  the  cogs  of  machinery. 

BBJkJr.    (Faba  and  Pkateolus,)    See  IiBauHmo&£. 

BSAJr  OMk  (Bohnerz,  Qer,)  Brown  iron  ore  occurring  in  elHpsddal  con* 
cretions. 

BSASIWOS*  The  parts  of  a  machine  upon  which  the  moyable  portions  are 
supported.  Upon  the  correct*  adaptation  of  the  rubbing  surfiAces  to  each  other 
depends  tJie  yalue  of  a  machine.  If,  for  example,  there  should  be  much  friction 
between  the  axles  of  a  railway-carriage  'and  its  hcartngt^  there  would  be  a  largo 
amount  of  power  lost  in  oyercomins  tdiat  friction. 

It  has,  therefore,  been*the  study -of  engineers  to  produce  bearings  which  should 
ofifer  great  resistance  to  pressure,  and  from  their  smoothness  produce  as  little  ftiction 
as  possible.  Kingston's  metal  has  been  lately  used  in  the  la^  engines  for  our  iron- 
clad fleet.  Some  of  the  railway  companies  are  using  an  alloy  of  equal  parts  of  tin 
and  copper.  Gun-metal  is,  howeyer,  commonly  employed  for  the  bearings  of  machines. 
See  Bbokze  ;  Goffbb  ;  Enrasioif's  Metal  ;  UKotTsziTs. 

BBAT^A'VTJLT.    In-fntntii^,  the  process  of  working  away  hard  ground  by  a 
rough  method— with  wedges  and  sledge-hammers— in  tlie  process  of  exoayation. 
liincXTSa    See  Battzitb. 

{Cotter  Fiber*)    This  animal  is  captured  for  its  skin,  and  for  the 


castor  (c(utorettm\  which  is  employed  medicinally.    See  Funs. 

— ?»ifo« '—' — 


or  BSBaaRnra.  C«*H'*NO«  (0>*X«]ro<).  An  alkaloid  dis- 
covered by  Dr.  Kodie,  of  Demerara,  in  the  bark  of  the  bebeem  tree.  It  was  examined 
more  minutely  by  Madagan  and  Tilley,  and  still  more  recently  by  Yon  Planta,  who 
has  determined  its  true  formula.    It  is  very  bitter,  and  highly  rebnfuge. 

BBBB*    In  miningy  a  name  mven  to  a  peculiar  kind  of  pickaxe. 

BBSOB*  {Hctre  commune  Pr. ;  Gcmeine  Buehe,  Qer.)  The  beech-tree  (the 
Fagus  sylvdtica  of  Linnseus)  is  one  of  the  most  magnificent  of  our  l^lish  trees, 
attaining,  in  about  sixty  or  seventy  years,  in  favourable  situations,  a  hei^t  of  &om 
70  to  100  feet,  and  its  trunk  a  diameter  of  5  feet.  The  wood,  when  green,  is  the 
hardest  of  British  timbers,  and  its  durability  is  increased  by  steepng  in  water ;  it 
is  chiefly  used  by  cabinet-makers,  coopers,  coach-builders,  and  turners. 

BBBV  IVOOB.  An  Australian  wood,  of  red  colour,  Uie  produce  oi  certain  spedcs 
of  Outtarintu    It  is  used  for  inla^ng  and  marqueterie  work. 

BBBB.  The  fermented  infusion  of  malted  barley,  flavoured  by  hops,  constitutes 
the  best  species  of  beer ;  known  also  as  ale,  bitter  ale,  porter,  or  brown  stout,  accord- 
ing to  its  varied  flavour,  colour,  and  strength.  But  there  are  many  beverages  of 
inferior  quality  to  which  the  name  of  beer  is  given ;  such  as  spruce-beer,  ginger-beer, 
&c,  all  of  which  consist  of  a  saccharine  liquor,  partially  advanced  into  the  vinous 
fermentation,  and  flavoured  with  j^uliar  substances. 

The  andents  were  acquainted  with  beer,  and  the  Bomans  gave  it  the  appropriate 
name  of  Cerevisia  (quasi  Geresia),  as  being  the  product  of  com,  the  ^ft  of  Ceres. 
The  most  celebrated  liquor  of  this  kind  in  the  old  time  was  the  Pelusian  potation, 
so  called  from  the  town  where  it  was  prepared,  at  the  mouth  of  the  Nile.  Aristotb 
speaks  of  the  intoxication  caused  bv  beer,  and  Thoophrastus  justly  denominated  it 
the  wine  of  barley.  We  may,  indeed,  infer,  from  the  notices  found  in  historians,  that 
drinks  analogous  to  beer  were  in  use  among  the  ancient  Gauls,  Germans,  and,  in  fact, 
almost  every  people  of  our  temperate  zone ;  and  they  are  still  the  universal  beverage 
in  every  land  where  the  vine  is  not  an  object  of  rustic  husbandry. 

In  tlie  production  of  beer,  the  raw  Barley,  and  Hops,  which  are  the  only  materials 
necessary,  have  to  undergo  various  processes  which  will  be  more  fully  described  under 
the  separate  articles  on  MALTnro  and  Bebwiko,  but  the  changes  which  take  place  in 
those  operations  will  now  be  considered. 

I.   Tbb  Materials. 

Bablbt.— Barley,  wheat,  maize,  and  several  other  kinds  of  grain,  aro  capable  of 
tindergoinff  those  changes  which  devclojp  the  saccharine  principle  from  which  boer 
0fcn  be  made ;  but  the  fist-namod  is  by  lar  the  most  fit»  and  in  this  country  is  almoit 
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ezelusiYely  used.  There  axe  two  species  of  barley ;  the  '  Hordeum  vulaare,*  or  common 
barley,  haying  its  corns  arranced  in  two  rows  on  its  spikes ;  and  the  *  Hordeum 
kexastichon*  in  which  three  seeds  spring  from  one  point,  so  that  its  double  row  has 
apperenUy  six  corns.'  The  former  is  the  proper  barley,  and  is  much  the  larger  sized 
grain,  llie  latter  is  little  known  in  England,  but  is  much  cultivated  in  (Scotland 
under  the  name  of  here^  or  higOt  being  a  hwiy  plant;  adapted  to  a  colder  climate.  Bigg 
is  a  less  compact  grain  than  barley,  the  weight  of  an  imperial  bue^d  (2218*192  ins.) 
of  the  former  being  <nily  48  lbs.,  while  that  of  the  latter  will  bo  firom  52  to  b^  lbs. 
Their  constituents  are,  however,  similar. 

By  chemical  analysis,  100  parts  of  barley-meal  appear  to  consist  of— 


Gluten  «        •        •        .        •    3*76 

Starch 7200 

Sugar 6*60 

Gum  .        •        •        .        ,    6*00 


Albumen.        .        .        .        .    2*23 
Phosphate  of  lime    •        .        .    0-26 

Water 1000 

Loss        •        •        •        .        .    1*16 


Another  analysis  g^ves : — 

Gluten 8*62 

Hordeum,  or  starch  and  gluten 

intimately  combined     .        .  67*18 

Sugar 6*21 

Gum        .        .        .        .        .  4*62 

Albumen.        ....  1*16 


Phosphates     ....  0*24 

Oil 0-30 

Vegetable  fibre        .        .        .  7*29 

Water 9*37 

Loss 1*12 


Hermstadt  gives  the  moan  of  several  analyses  of  barley  to  bo  :— 


Gluten 4*92 

Stardi 60*60 

Sugar 4-66 

Gum        .        .        .        .        .    4*61 
Albumen 0*36 


Oils 

Phosphates 
Husk 
Water     , 
Loss 


.  0-35 
.  0*36 
.  11*66 
.10*48 
.     2*31 


Proust  thought  he  had  discovered  in  barley  a  peculiar  principle,  to  which  he  gave 
the  name  of  ^rdeine,  and  which  he  separated  from  the  starch  by^the  action  of  both  cold 
and  bailing  water.  He  found  that,  by  treating  barley-meal  successively  with  water, 
he  obtained  from  89  to  90  parts  of  a  &rinaceous  substance,  composed  of  from  32 
to  83  of  starch,  and  from  67  to  68  of  hordeine.  His  analysis  also  gives,  gluten,  3*0  ; 
sugar,  6*0 ;  gum,  4*0 ;  and  resinous  extract,  1*0. 

I>r.  S.  Thomson  gives  no  hordeine,  but  the  starch  as  88  per  cent,  sugar  4. 

Snhof  gives  the  constituents  of  barley  as  70*06  ilour;  18*76  husk;  and  11*20 
water. 

The  hordeine  of  Protist  is  a  yellowish  powder,  contains  no  nitrogen,  and  is,  therefore, 
dissimilar  to  gluten.  In  the  process  of  malting  the  proportion  of  hordeine  is  greatly 
diminished  by  its  conversion  into  starch  and  sugar,  so  that  manv  chemists  view 
hordeine  as  only  an  allotropie  condition  of  sugar ;  but  the  subject  will  evidently  boar 
yet  more  extended  and  careful  research. 

In  giving  the  foregmng  analyses,  it  may  be  remarked  that  they  are  not  intended  as 
a  basis  for  any  estimate  of  the  value  for  brewing  purposes  of  even  the  various  samples 
from  which  they  have  been  drawn,  as  the  quality  of  the  extract  is  affected  by  every 
variation  of  the  soil  on  which  the  barley  was  grown,  the  quality  of  the  seed,  tho 
dimate,  the  season,  and  the  care  bestowed  on  its  proper  cultivation. 

The  quality  of  barley  is  much  influenced  by  the  soil  on  which  it  is  grown ;  the 
best  being  from  a  light  calcareous  soil,  or  that  known  by  farmers  as  ^od  turnip- 
land  ;  and  crops  of  excellent  quality  are  also  grown  on  a  ridi  land. 

Much  also  oepends  on  the  seed,  the  climate,  and  the  care  of  the  husbandmen  in  the 
harvesting,  staddng,  and  the  threshing  at  the  proper  season. 

The  barley  should  have  a  thin,  bright,  clean,  wrinkled  husk,  closely  adhering  to 
a  plump,  well-fed  kernel,  which,  when  broken,  appears  white  and  chalky,  with 
a  full  unit^jured  serm  of  a  pale  yellow  colour.  IT  it  breaks  hard  and  fSnty,  it 
should  be  avoided;  and,  althou^  not  in  a  proper  condition  for  malting  until  it 
has  sweated  or  seasoned  in  the  stack  or  mow,  care  must  be  taken  that  it  has  not 
heated  so  as  to  destroy  the  vitality  of  the  germ.  Mixed  or  uneven  samples  should 
fUso  be  avoided,  as  it  is  important  that  all  should  grow  simultaneously  or  evenly  on 
Ike  Hoots, 

The  Saale  ^strict  of  Germany  is  generally  considered  to  produce  the  finest  quality 
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of  barley,  although  its  weight  per  imperial  buBhel  is  less  than  tho  average  of  English 
barley,  and  much  less  than  the  Scotch. 

The  Saale     weighs  from  60  to  54  per  bushel 
The  English       „       „     52  „  58        „ 
The  Scotch        „       „     54  „  59        „ 

And  as  barleys,  when  equally  well  malted,  yield  the  valuable  saccharine  principle 
nearly  in  proportion  to  their  weight,  the  heavier  English  or  Scotch  barley,  in  a 
fiivourable  season,  is  of  the  most  value  to  the  brewer  of  strong  mild  ales,  where 
peculiar  delicacy  of  flavour  is  not  so  much  required. 

Hops. — The  female  flowers,  or  catkins,  of  a  diociotts  plant  (Hummhts  lutmhts) 
belonging  to  the  natural  order  UrHcwea^  which  grows  wila  in  manv  English  hedge- 
rows, but  requires  the  most  careful  cultivation  to  TOoduce  the  highly  odoriferous 
and  cordial  properties  so  valued  by  the  brewer.  The  plant  springs  up  annually 
from  the  old  roots  in  April,  flowers  the  latter  end  of  June,  and  ripens  towards  the 
end  of  August  and  September,  when  they  are  gathered,  dried,  and  packed  very 
tightly  in  jpockets  or  bags,  for  preservation  and  use.  Hops  are  srown  to  the  greatest 
extent  in  ^ent  and  Sussex ;  but  a  strong  hop  is  also  grown  in  tne  north  day-district 
of  the  county  of  Nottingham,  and  a  veiy  grataful  mild  hop  in  the  Worcestershire 
district 

The  flavour  of  the  Goldings,  or  Famham  hop,  a  district  in  Surrey,  is  rich,  and  in 
high  estimation ;  but  the  plant  is  one  of  the  most  tender  cultivated,  the  flower  small, 
but  heavy  with  the  &rina,  and  the  crop  veiy  uncertain.  The  Canterbury  grape-hop 
is  much  cultivated  in  the  districts  of  Kent  and  Sussex,  and  deservedly  estoemM  as  a 
good  useAil  hop. 

The  Flemish  plant  produces  a  large  flower,  but  of  li^ht  wdght  and  of  inferior 
flavour ;  it  is  oonsidex«d  a  hardy  kind,  and  very  productive,  ^ps  requiro  a  ridi 
soil,  well  manured  and  cleaned,  a  sunny  aspect,  and  to  be  sheltered  fh>m  the  east 
winds,  which  not  only  check  the  growth  of  the  plants,  but  cause  them  to  be  infested 
with  vermin,  which  are  sometimes  so  numerous  as  to  destroy  nearly  the  entiro  crop. 
The  flower,  during  ^e  ripening  season,  is  also  sometimes  attacked  by  the  red  or  blue 
mould,  which  often  consumes  a  considerable  portion  of  the  fEtrina,  and  may  be  dis- 
covered by  Uie  strig  of  the  flower  being  baro  of  leaf.  The  catkins  or  strobils  of  the 
hop  consist  of  the  scales,  or  large  and  perristent  bracts,  which,,  in  the  early  period  of 
their  growth,  aro  of  a  light  green  colour  (afterwards  changing  to  a  pale  yellow),  at 
the  bottom  <^  which  aro  small  round  seeds,  that,  when  ripe,  have  a  hard  shell  of  a 
Inrown  or  reddish  colour.  They  aro  imbedded  in  the  farina,  or  yellow  powder,  which 
is  the  most  valuable  part  of  the  hop.  No  hop  should  be  fathered  till  the  seed 
is  matured ;  not  for  the  sake  of  the  seed  itself^  but  the  nectanum,  or  £uina,  techni- 
cally known  as  'the  condition,'  will  be  in  larger  portides,  and  its  essential 
aromatic  and  bitter  qualities  moro  perfectly  developed  when  ripe.  Qood  hops,  when 
rubbed  in  the  hand,  leave  an  oily,  or  resinous,  and  rather  clammy  feeling,  with  a 
poi^nt  and  gratiQring  odour;  the  scales  should  also  be  even  in  colour,  and 
without  any  green  specks,  or  any  appearance  of  mould  on  the  sprig,  or  small  stem  of 
the  flower. 

The  drying  of  the  hop  is  an  important  part  of  its  management,  and  requires  great 
caro ;  it  is  p^ormed  in  kilns,  in  Sussex,  termed  oast-houses. 

The  heat  should  be  moderate  and  regular,  in  no  case  exceeding  120°  F.,  as  to  over- 
dry  them  would  i^juro  the  flavour,  and  if  not  sufSdently  dry  they  aro  liable  to  become 
moul^. 

The  general  practice  is  to  tnr  the  strig  or  stalk  of  the  flower,  which,  if  it  snaps 
from  brittleness,  is  suffidently  oried,  but  li  it  bends  without  breaking,  moro  diying  is 
necessary. 

In  the  process  of  drying  evenr  means  should  be  used  to  avoid  separating  the  farina 
from  between  the  scales  of  the  hop,  and  the  practice  of  passing  the  hops,  after  drying, 
through  iriiat  is  termed  a  mill,  for  the  purpose  of  giving  moro  evenness  to  the  ap- 
pearance of  the  sample,  must  be  highly  injurious,  as  it  breaks  up  the  hop  and  exposes 
to  loss  the  most  valuable  part  of  the  plant.  The  packing  has  also  much  influence  in 
the  preservation  of  the  valuable  but  volatile  aroma,  ^e  finer  flavoured  and  pale 
hops  axe  well  rammed  into  sadu  of  canvas,  called  pockets,  whidi  weigh  about  li  cwt. 
eadi ;  the  stronger  and  dark-coloured  hops  into  sadu  of  a  coarser  texture,  called  hop- 
bags,  and  weigh  from  2^  cwts.  to  3  cwts.  each. 

If  intended  for  export,  the  bags  aro  sometimes  subjected  to  the  action  of  tho 
hydnnlic  pcess ;  and  if  not  required  for  immediate  use,  the  simple  sorow-pross  may 
be  used  with  great  advantage. 

Dr.  Ives  fizvt  directed  attention  to  the  yellow  pulverulent  substance  th(tt  has  beea 
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alluded  to  as  the  farina  or  pollen  of  the  hop,  which  in  good  samplofi  Trill  umount  to 
ono-8jxth  of  their  weight.  This  powder  bears  some  resemblance  to  lycopodium ;  and 
its  analysis  by  Br.  Ives  gives,  tannin,  4*16  ;  extractive,  8*33 ;  bitter  principle,  9'16 ; 
wax,  10*00  :  resin,  30*00  ;  lignin,  38*33  ;  and  loss,  0*02.  About  65  per  cent,  of  the 
fiirina  is  soluble  in  alcohol,  and  the  solution,  distilled  with  water,  leaves  a  resin 
amounting  to  52*5  per  cent,  which  has  no  bitter  taste,  and  is  soluble  in  alcohol  or 
ether.  The  distillate  from  which  the  resin  has  thus  been  separated  contains  the 
bitter  principle,  which  has  been  called  lupuliM  (by  Payen  and  Chevallier),  mixed 
with  a  little  tannin  and  malic  acid. 

To  obtain  this  in  a  state  of  purity,  the  free  acid  must  be  saturated  with  lime,  the 
solution  evaporated  to  dryness,  and  the  residuum  treated  with  ether,  which  removes 
a  little  resin ;  after  which  the  lupuline  is  dissolved  out  by  alcohol,  leaving  the  malnte 
of  lime.  On  evaporating  the  alcohol,  the  lupuline  remains,  weighing  from  8 '3  to  12*5 
per  cent  It  is  sometimes  white,  or  slightly  yellowish,  and  opaque,  sometipics  orange- 
yellow  and  transparent. 

At  ordinaxy  temperatures  it  is  inodorous,  but  when  heated  emits  the  peculiar  smell 
and  possesses  the  diaracteristic  taste  and  bitterness  of  the  hop.  Water  dissolves  it  in 
the  ptopcNrtion  of  about  1  part  to  20,  or  5  per  cent,  and  acquires  a  yellow  colour.  It 
is  quite  soluble  in  alcohol  and  slightly  so  m  ether. 

Lupuline  is  neither  acid  nor  alialine,  nor  is  it  acted  upon  by  solutions  of  the  metallic 
salts ;  it  contains  only  a  small  quantity  of  nitrogen,  ana  an  essential  oil. 

The  analysis  by  Payen  and  Chevallier  gives  the  following : — ^Volatile  oil,  2-00  ; 
lupuline,  10*30;  resin,  65*00;  lignin,  32*00;  loss,  0*70.  There  are  also  traces  of 
fatty,  astrin^nt,  and  gummy  matters,  malic  and  carbonic  adds,  and  various  salts. 

The  volatile  oil  was  i«ociured  by  I^.  Wa^er  by  distilling  fresh  hops  with  water. 
It  constituted  about  8  per  cent,  of  the  air-dned  flowers,  it  possessed  a  dear  brownish- 
yellow  colour,  had  an  acrid  taste  and  a  strong  odour  of  the  hop.  Its  spedfic  gravity 
18  about  0*910 ;  it  is  partially  soluble  in  watec^  but  m<»re  so  in  alcohol  and  ether,  and 
becomes  resinified  by  keeping.  The  tannin  of  the  ho^  is  also  important  in  brewing, 
as  it  serves  to  predpitate  the  nitrogenised  or  albuminous  matter  of  the  barley,  and 
assist  the  deanng  of  the  liqiuir.  Ives  thought  the  scales  of  the  hop,  when  freed 
irom  the  yellow  powder,  contained  no  prindples  analogous  to  it;  but  it  is  almost 
Impossible  to  free  them  entirely  from  the  lupulinic  grains ;  and  Payon  and  Cheval- 
lier found  the  same  prindples  in  the  different  parts  of  the  hop,  but  in  different 
proportions. 

2,  Thb  Fbepabation  of  thi  Bhaxxt  bt  thb  Pioobss  of  MAz^ive. 

In  this  process  (for  the  eonduct  of  wfaidi  we  refer  to  the  article  Maltino) 
the  raw  gnun  is  steeped  in  dstems  of  water  until  it  has  imbibed  suffident  to  cause 
it  to  germinate ;  it  is  then  spread  on  the  floor  of  the  malt-house,  and  frequently 
turned,  until  the  germination  has  advanced  to  the  stage  when  the  plumula  is  about  to 
make  its  appearaQce,  ^d  its  farther  germination  is  stopped  by  being  rapidly  dried 
on  the  malt-kiln. 

^^^>^Soi^^>^ii>AU<)ii  ^  remarkable  change  has  taken  place  in  the  substance  of  the 
grain.  The  ^lutinpus  constituent  has  aln^st  entirely  disappeared,  and  is  supposed  to 
have  passed  into  Uie  matter  of  the  radides,  or  roots,  whicn  during  the  process  will 
have  grown  rapidly  to  i\eariy  one  and  a  half  the  length  of  the  grain,  while  a  portion 
of  the  starch  is  converted  into  sugar  and  mucilaffe. 

The  change  is  similar  to  that  which  starch  undergoes  when  dissolved  in  water  and 
digested  in  a  heat  of  about  160^  F.  along  with  a  little  gluten.  The  thick  paste  be- 
comes gradually  li<|uid,  transparent  and  sweet-tasted,  aiul  the  solution  contains  now 
sugar  and  gum,  with  some  unaltered  starch.  The  gluten  suffers  a  change  at  the 
same  time,  and  becomes  acescent,  so  that  only  a  small  quantity  of  starch  can  thus 
be  converted  by  a  quanta^  of  gluten. 

By  the  artificial  growth  upon  the  malt-floor  all  the  gluten  and  albumen  present  in 
barley  are  not  decomposed,  and  only  about  one-half  of  the  starch  is  converted  into 
sugar,  as  a  continuance  of  the  germination  would  exhaust  the  grain,  and  the  valuable 
products  would  be  taken  up  by  the  growtli  of  the  roots  and  stems  of  the  plant.  It  is, 
therefore,  the  chief  art  of  the  maltster  to  regulate  the  germination  and  stop  it  at  the 
point  when  the  utmost  conversion  is  attaint  with  the  least  loss.  This  is  generally 
considered  to  bo  done  when  the  plumula,  technically  known  as  the  acrospire,  has 
advanced  two-thirds  the  entire  length  of  the  grain,  starting  f^m  the  germ  and  pro- 
oeedi^  under  the  skin  toward  the  other  end  of  the  grain,  beyond  which  it  miist  never 
be  suimred  to  protrude ;  the  conversion  of  the  hordeine  into  starch  and  sugar  keeping 
pace  with  the  growth  of  the  acrospire,  and  being  thus  prepared  for  its  nearly  com- 
plete conversion  in  the  subsequent  operations  of  the  brewer. 
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Malt  is  generally  distingnishcd  by  its  oolotir— as  polo,  amber,  bro\ni,or  black  malt 
— imsing  Ax>m  the  difRjrent  degrees  of  heat  and  management  in  the  process  of 
drying.  The  first  is  produced  -when  the  highest  boat  to  irhich  it  has  been  subjected 
is  from  90**  to  100^  F.,  the  amber-coloured  -when  the  heat  has  been  raised  to  120^ 
or  125^,  and  the  brown  at  a  heat  of  from  150^  to  170^.  The  black  malt,  commonly 
called  patent  malt,  is  prepared  by  roasting  in  cylinders,  like  coflfee,  at  a  heat  of  fW>m 
860''  to  400^,  and  is  the  only  legal  oolouring-mattor  that  may  be  used  in  the  brewing 
of  porter. 

The  action  of  the  kiln  in  drying  is  not  confined  ta  the  mere  expulsion  of  the 
moisture  fh)m  the  germinated  seeds,  but  it  series  to  oonrert  into  sugar  a  portion  of 
the  starch  which  remained  unchanged,  not  only  by  the  action  of  the  gluten  upon  the 
fecula  at  an  eleyated  temperature,  but  also  by  the  species  of  roasting  which  the 
starch  undergoes,  which  renders  it  of  a  gummy  nature.  We  hare  a  proof  of  this 
if  we  dry  one  portion  of  the  malt  in  a  naturally  dry  atmosphere,  and  another 
portion  in  a  moderately  warm  kiln ;  we  shall  find  the  former  yield  a  less  saccharine 
extract  than  the  latter.  Moreover,  kiln-dried  malt  has  a  peculiar,  agreeable,  and 
fiiintly-bumed  taste,  pfobably  firom  a  small  portion  of  empyreumatio  oil  formed  in 
the  husk,  -which  not  only  imparts  its  flavour  to  the  beer,  but  also  contributes  to  ita 
preservation. 

As  the  quality  of  the  malt  depends  much  on  that  of  the  barley,  so  Its  skilful  pre- 
paration has  t^e  greatest  influence  both  on  the  quantity  and  quality  of  the  worts  niade 
nom  it.  If  the  germination  has  been  imperfect  or  irregular,  a  portion  of  the  malt 
-will  be  raw,  and  too  much  of  its  substance  remain  unchanged  and  flinty ;  if  it  has 
been  pushed  too  tax,  a  part  of  the  extractible  matter  is  wasted* 

If  not  thoroughly  dried,  the  malt  will  not  keep,  but  becomes  soft  and  liable  to 
mildew ;  and  if  too  highly  kiln-dried,  a  portion  oi  its  sugar  -will  be  caramelised  and 
become  bitter. 

Good  malt  possesses  the  following  characteristics : — ^The  grain  is  round  and  Aill, 
breaks  freely  between  the  teeth»  and  has  a  sweetish  taste,  an  agreeable  smell,  and 
is  Aill  of  a  soft  flour  teom  end  to  end.  It  affords  no  unpleasant  flavour  on  being  ^ 
chewed;  is  not  hard,  so  that  -when  dra-wn  along  an  oaken  board  across  the  fibres  it 
leaves  a  white  streak  like  chalk.  It  swims  upon  water,  while  unmalted  barley  sinks 
in  it. 

~  The  bulk  of  good  malt  exceeds  that  of  the  barley  from  -which  it  is  made  by  from 
6  to  8  per  cent,  but  at  the  same  time  it  becomes  lighter  in  weight,  100  lbs.  of  good 
barley,  judiciously  malted,  -weighing,  after  being  dined  and  screened,  no  more  than 
about  80  lbs.,  the  loss  being  about  12  per  cent  of  water*  5  per  cent  waste,  and  about 
8  per  cent  by  the  growth  ii  the  roots,  which,  in  drying,  have  been  rendered  brittle, 
and  are  removed  by  passing  the  malt  over  a  -wire  screen. 

The  change  which  the  buiey  has  undergone  by  malting  will  be  readily  seen  in  the 
following  comparative  analysis  by  Proust: — 

Barley  Halt 

Gluten 8  •  •      1 

Hordeine 55  •  .12 

Starch 82  .  .56 

Sugar 6  •  .15 

Mucilage     .        .        .        .        .        .      4  •  .15 

Besin 1  •  •      1 

100  100 

We  thus  see  the  amount  of  the  convertible  starch  and  sugar  has  been  nearly  doubled 
at  the  expense  of  the  hordeine,  a  portion  of  which  has  also  passed  into  the  condition  of 
mucilage,  or  a  soluble  gum,  -while  the  gluten  is  much  diminished. 

The  researches  of  Payen  and  Persofis  show  there  is  also  a  new  proximate  principle 
formed  during  the  malting,  which  may  be  considered  as  a  residuum  of  the  ^uten  or 
vegetable  albumen,  in  the  germinating  grain. 

If  -we  mmsten  the  malt-flour  for  a  few  minutes  -with  cold  water,  press  it  out  strongly, 
filter  the  solution,  and  heat  the  clear  liquid  in  a  -water-bath  to  the  temperature  of  158^, 
the  greater  part  of  the  albuminous  azotised  substance  -will  be  coagulated,  and  should 
be  separated  by  a  f^h  flltration,  after  -which  the  dear  liquid  is  to  be  treated  with 
alcohol,  -when  a  flocky  precipitate  appears,  to  which  has  been  ^ven  the  name  of 
diastase.  To  purify  it  still  ftuther,  especially  from  the  nitrogenous  matter,  we  should 
dissolve  it  in  water,  and  precipitate  again  with  alcohol.  Vnien  dried  at  a  low  tem- 
perature it  appears  as  a  solid  white  substance,  -which  eontains  no  nitrogen,  is  insoluble  in 
alcohol,  but  dissolves  in  -water  and  proof  spirit  Its  solution  is  neutral  and  tasteless ; 
it  changes  with  greater  or  less  rapidity  according  to  the  temperaturot  and  beoomos 
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BOOT  at  a  temperature  from  149®  to  167**.  It  has  the  property  of  converting  starch 
into  pim,  or  dextrine  (so  called  by  the  French  chemists,  from  its  polarising  light  to 
the  nght  hand,  whereas  common  gam  does  it  to  the  left)  and  sugar ;  and,  indeed, 
when  sufficiently  pure,  the  diastase  operates  with  such  energy  that  one  part  of  it  dis- 
poses 2,000  parts  of  dry  starch  to  that  change,  but  it  operates  the  quicker  the  greater 
it8  quantity. 

Wheneyer  the  solution  of  diastase  with  starch  is  heated  to  the  boiling  point,  it  loses 
the  converting  property. 

One  hundr^  parts  of  the  starch  solution  from  good  malt  appear  to  contain  about 
one  part  of  this  substance,  which  is  of  the  greatest  importance  in  effecting  the  further 
changes  which  take  place  in  the  process  of  brewing. 

3.  Thb  FoBiunoK  of  a  SAccHiJuirB  Liquid,  ob  Wobt, 

from  ike  malt  and  hops,  and  production  of  the  finished  heer,  is  the  province  of  the 
brewer ;  and  the  process  will  be  found  at  length  under  the  article  Bbewino. 

The  peculiar  properties  contained  in  wort  do  not  exist  ready  formed  in  malt,  but 
are  the  result  of  the  joint  action  of  water  and  heat  which  is  employed  in  tiie  initiatory 
process  c^  thebrewer  on  that  substance,  and  is  termed  the  masmns^. 

The  Mashing, — ^This  operation  requires  the  greatest  care,  as  on  it^  almost  as  much 
as  on  the  malt  employed,  depends  the  character  of  the  liquor. 

Payen  and  Fersoz,  already  alluded  to,  show  that  the  mucilage  formed  by  the  reaction 
of  malt  upon  starch  may  be  either  converted  into  sugar  or  be  made  into  a  permanent 
gum,  according  to  tiie  temperature  of  the  water  in  which  the  materials  are  digested. 
We  take  of  pale  barley-nmt,  ground  fine,  from  6  to  10  parts,  and  100  parts  of  starch ; 
wo  heat,  by  means  of  a  water-bath,  400  parts  of  water  in  a  copper  to  about  80®  F. ;  we 
then  stir  in  the  malt,  and  increase  the  heat  to  140^  F.,  when  we  add  the  starch,  and 
stir  well  together.  We  next  raise  the  temperature  to  168®,  and  endeavour  to  maintain 
it  constantly  at  that  point,  or,  at  least,  to  keep  it  within  the  limits  of  167®  on  the  one 
tfide  and  158^  on  the  other.  At  the  end  of  twenty  or  thirty  minutes  the  original  milky 
and  pasty  solution  becomes  thinner,  and  soon  after  as  fluid  nearly  as  water.  This  is 
the  moment  when  the  starch  is  converted  into  gum  or  dextrine.  If  this  merely 
mucilaginous  solution,  which  seems  to  be  a  solution  of  gum  with  a  little  liquid  starch 
and  sugar,  be  suitably  evaporated,  it  may  serve  for  various  purposes  in  Uie  arts  to 
which  gum  is  applied ;  but,  with  this  view,  it  must  be  quickly  raised  to  the  boiling 
point,  to  prevent  further  change.  If  we  wish,  on  the  contrary,  to  produce  a  sac- 
charine fluid,  such  as  the  wort  for  beer,  we  must  maintain  the  temperature  at  be 
tween  158®  and  167®  for  three  or  four  hours,  when  the  greatest  part  of  the  starch 
will  have  passed  into  sugar,  and  b^  evaporation  of  the  liquid  at  the  same  temperature, 
a  starch  ^rup  may  be  obtained  uke  that  procured  by  the  action  of  sulphuric  acid 
upoQBtarcL 

In  the  operation  of  mashing,  the  finished  and  mellowed  malt,  having  been  well 
cleansed  from  all  extraneous  matters  by  screening,  is  coarsely  ground,  or  better  if 
only  crushed  between  iron  rollers,  as  is  now  generally  practised.  It  is  then  gradually 
mixed  with  water  in  the  mash-tun,  at  the  proper  heat,  and  intimately  blended  by 
stirring  with  the  mashing-rakes,  so  that  it  may  be  uniformly  moistened  and  no  lumps 
remain.  After  being  allowed  some  time  to  stand  and  settle,  the  liquor  is  drawn  off, 
and  more  water  at  a  higher  temperature  is  added,  again  intimately  blended  with  the 
malt — ^now  termed  the  *  goods ' — again  allowed  to  rest,  and  drawn  off;  the  operation 
1)eing  repeated  until  the  complete  exhaustion  of  the  saccharine  and  amylaceous  sub- 
stances of  the  malt  is  effected. 

We  can  now  see,  from  Fayen  and  Fersoz's  experiment  just  given,  the  temperature 
at  which  the  liquor  ought  to  be  maintained  in  this  operation ;  namely,  the  range  - 
between  158®  and  167® ;  and  it  has  been  ascertained,  as  a  principle  in  mashing,  that 
the  best  and  soundest  extract  of  the  malt  is  to  be  obtained,  firat,  by  beginning  to  work 
with  water  at  the  lowest  of  these  heats,  and  to  conclude  with  water  at  the  highest; 
secondly,  not  to  operate  the  extraction  at  once  with  the  whole  of  the  water  that  is  to 
be  employed,  but  with  separate  portions  and  by  degrees. 

The  first  portion  has  the  task  of  penetrating  equally  the  crushed  malt,  extracting 
the  more  soluble  ingredients  and  subjecting  the  dissolved  starch  to  the  action  of  the 
diastase  and  free  sugar ;  the  second  and  further  portions  are  for  the  purpose  of  con- 
Verting  the  Temaining  starch  and  completing  the  extraction  of  all  the  available  pro- 
ducts. By  this  means  also  the  starch  is  not  allowed  to  run  into  a  cohesive  paste,  or, 
as  it  is  termed,  *  lock  up  the  goods,'  and  the  extract  is  more  easily  drained  from  the 
Inass,  and  comes  off  a  nearly  limpid  wort.  The  thicker,  moreover,  or  the  less  diluted 
the  inash  is,  so  much  the  easier  is  the  wort  fined  in  the  boiler  or  copper  by  the  ooaga- 
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lation  of  the  aLbiumnous  matter.  These  principles  indicate  the  true  mode  of  conducting 
the  mashing  process,  but  different  kinds  of  malt  require  a  different  treatment;  pale  and 
slightly  kilned  malt  requires  a  somewhat  lower  heat  than  malt  highly  kilned,  because 
the  former  is  more  ready  to  become  pasty,  and,  for  the  same  reason,  needs  a  more 
leisurely  infusion  than  the  latter ;  and  this  is  still  more  applicable  to  the  case  of  a 
mixture  of  raw  grain  with  malt,  for  it  requires  stiU  gentler  neats  and  more  cautious 
treatment 

It  is  quite  practicable  to  obtain  from  1  part  of  malt  and  8  parts  of  barley,  a  wort 
precisely  similar  to  that  procured  from  9  parts  of  pure  malt  alone.  But,  df  course, 
this  could  not  be  done  without  modifying  considerably  the  process  of  mashing ;  and 
it  happens,  unfortunately,  that  the  practice  of  the  present  dajr»  amongst  brewers,  is  to 
maintain,  as  closely  as  possible,  one  uniform  system  of  mashing,  -v^tever  may  be  the 
nature  or  quality  of  the  malt  employed.  Thus  a  difference  in  the  malt  is  made  to 
produce  a  di£^noe  in  the  wort,  and  all  the  energy  and  skill  of  the  practical  brewer 
are  sometimes  insufficient  to  compensate  for  the  alterations  which  this  difference 
induces  in  the  subsequent  working  of  the  beer.  "With  a  regular  and  certain  com- 
position, as  to  the  constituents  of  his  wort^  the  operations  of  the  brewer  would  assume 
a  fixed  and  definite  character,  which,  at  present,  they  are  very  fax  indeed  from  pos- 
sessing ;  and  by  which  he  not  unfreqnently  suffers  the  most  severe  pecnniaiy  loss  and 
mental  anzietj.  With  the  exception  of  a  trifiing  ouanti^  of  yegetable  albumen,  the 
only  solid  ingjredients  of  beer-wort  are  dextrine  and  sugar ;  the  latter  of  which  fer- 
ments with  great  ease  and  rapidity,  whilst  the  dextrine,  though  capable  of  fermenta- 
tion, enters  into  the  process  only  with  difficulty,  and  requires,  for  its  successful 
termination,  not  only  much  more  yeast,  but  also  a  much  higher  temperature  in  tiie 
fermenting  vat.  At  the  same  time,  it  is  this  very  sluggishness  in  the  fermentatiye 
quality  of  dextrine  which  is  essential  to  the  production  ^  good  beer ;  for,  with  sufiar 
alone,  the  fermentation  cannot  be  checked  at  ordinary  temperatures,  until  the  nill 
measure  of  its  decomposition  has  taken  place,  and  it  has  become  either  a  yapid  admixture 
of  alcohol  and  water,  or,  by  the  absorption  of  oxygen,  is  resdyed  into  vinegar.  It  is 
indeed  a  notorious  fact,  that  beer  maae  with  sugar  wiU  not  keep  so  well  as  that  made 
from  malt ;  though,  for  rapid  consumption,  the  use  of  sugar  is,  under  some  circumstances, 
to  be  commended,  more  especially  on  the  small  scale  and  in  cold  weather.  The  pecu- 
liarity of  dextrine  is,  however,  as  we  have  stated,  to  undergo  fermentation  only  with 
difficulty  and  by  slow  degrees ;  hence  its  decomposition  spreads  over  a  long  space  of 
time,  and,  in  very  cold  weather,  amounts  to  nothing;  so  that  for  months,  or  even  years, 
after  all  the  sugar  of  the  wort  has  been  destroyed,  the  evolution  of  carbonic  add  gas 
from  the  still  fermenting  dextrine,  keeps  up  a  briskness  and  vitality  in  the  beer ;  and, 
by  excluding  oxygen,  all  chance  of  acimfication  is  shut  offi  A  perfect  beer-wort  should 
therefore  have  reference  to  the  period  of  its  consumption:  if  this  be  speedy  and  pressins;^ 
the  proportion  of  sugar  ought  to  be  large ;  if  remote,  the  dextnne  shoula  grea^ 
predominate.  Under  the  first  condition,  the  attenuation  would  proceed  quicklv,  and; 
provided  the  temperature  of  the  fermenting  vat  was  not  allowed  to  exceed  78^  tiie  beer 
would  soon  cleanse  and  become  ripe  and  bright ;  under  the  second,  the  attenuation  in 
the  vat  would  be  slow  and  trifiing,  and  require,  perhaps,  several  years  for  its  completion 
in  the  cask.  Nevertheless,  if  the  attenuation  in  the  vat  had  gone  on  to  the  comj^eta 
destruction  of  all  the  sugar,  this  kind  of  beer  would  prove  in  the  end  both  the  better  and 
more  healthy  beverage  of  the  two ;  for  by  the  mode  of  its  formation  the  presence  of 
oenanthic  ether  or  fuMl  <nl  is  avoided.  The  impcnrtance  therefore  of  placing  in  the 
hands  of  the  brewer  a  means  of  determining  the  relative  amounts  of  sugar  and  dextrine 
in  his  wort  is  suffldenUy  obvious.  Now,  this  may  be  done  in  two  ways :  either  by 
ascertaining,  in  wort  of  a  determinate  strength,  the  proportion  of  the  one  or  the  other 
of  these  substances.  The  dextrine  is  easier  of  calculation  than  the  sugar,  in  a  rough 
or  approximate  way ;  but  the  sugar  can  be  determined  with  mu<m  more  minute 
accuracy  than  the  dextrine.  Yet,  in  practice,  the  former  plan  is  preferable,  from  its 
simplicity,  as  we  shall  proceed  to  show.  If,  to  a  certain  volume  of  strong  wort  (say 
of  80  lbs.  per  barrel),  we  add  an  equal  amount  of  alcohol  or  spirits  of  wine,  the  whole 
of  the  dextrine  will  precipitate  as  a  dense  coagulum ;  and  by  examining  tJie  bulk  of 
this  deposit  in  the  tube,  its  weight  may  be  inferred  prettjr  nearly  if  the  tube  has  been 
previously  graduated,  so  as  to  indicate,  from  actual  experiment,  the  weight  of  the  dif- 
ferent measures  of  the  coagulated  dextrine.  With  weaker  wort,  more  alcohol  must 
be  used,  and  with  a  denser  wort,  less  alcohol, — ^the  relations  of  which  to  each  otJier 
may  easiljr  be  kept  recorded  on  a  small  card  or  scale  affixed  to  the  tube.  This  in- 
strument is  rery  easy  of  application,  and  has  been  found  extremely  useful  to  more 
than  one  practical  brewer  of  the  present  day ;  and  the  accompanying  record  of 
brewing  operations  has  reference  to  this  mode  of  analysing  wort  The  determina- 
tion of  sug^  in  wort  is  best  effected  by  boiling  100  grains  of  it  with  about  half  a 
pint  of  the  following  solution,  and  collecting  and  weighing  the  red-coloured  |^- 
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dpitate  which  ^ensaefl,— ereiy  three  grains  of  ^diich  indicate  one  grain  of  grape-snga^ 
in  the  wort. 

Grape-Sitgar  TuUSoluUon, 

Sulphate  of  copper  in  cryetals        .....  100  grains, 

Bitartrate  of  potash 200      „ 

Carbonate  of  soda  in  crystals 800      „ 

Boiling  water,  one  pint»  or 8,760      „ 

Pirst  dissolve  the  sulphate  of  copper,  then  the  bitartrate  of  potash,  after  which  add 
the  carbonate  of  soda,  and  filter  if  necessary.  This  solution  is  not  a£fected  when 
bdled  with  cane-suffar,  dextrine,  gam,  or  starch. 

We  have  retained  ttom  Dr.  Ure  s  original  article  the  result  of  two  brewings,  taken 
from  one  mash  at  two  different  perioas,  and  analysed  to  determine  their  relative 
contents  of  dextrine  and  sugar,  according  to  the  tube  or  alcohol  process : — ^March  28th, 
1851,  proceeded  to  mash  for  experimental  brewings ;  weather  dear  and  open ;  ther- 
mometer outside  at  51^, — in  fermenting  room  68° ;  difference  between  wet  and  dry 
bulb,  5*760® ;  barometer,  89'4  inches.  Composition  of  the  malt : — Moisture,  6*1 ;  in: 
soluble  matter,  27 ;  extract,  66*9.  Quanti^  of  malt  employed,  70  bushels ;  of  water  at 
180°  P.,  700  gallons ;  made  the  mixture  with  a  common  mashing-oar,  and  finished  in 
15  minutes.  One  hour  afterwards,  drew  off  200  gallons  of  wort;  and  three  hours 
from  commencing  to  mash,  ^w  off  200  gallons  more, — continuing  the  mash  for 
table-beer  wort  The  first-drawn  wort  contained  7*6  ^arts  of  dextrine  to  1  of  sugar ; 
the  second,  6*3  parts  of  dextrine,  2*2  of  sugar ; — their  densities  were,  respectively, 
SO  and  36*5  lbs.  per  barrel.  They  were  each  boiled  separately,  with  relative  amount 
of  hop, — the  first  having  30  and  me  second  36|  lbs.  added ;  and  the  boiling  in  each 
case  was  kept  up  for  three  hours.  At  the  end  of  this  time  both  were  cooled  and 
diluted  with  water  to  a  gravity  of  27i  lbs.  per  barrel,  and  260  gallons  of  each  let 
down  into  separate  fermenting-vats  placed  side  by  side ;  after  which,  they  both 
received  three  quarts  of  good  yeast, — the  temperature  being  at  68°  F.  Two  hours 
afterwards,  the  following  observations  commenced : — ^No.  1  being  the  wort  containing 
7*5  parts  dT  dextrine  to  1  of  sugar,  and  Ko.  2  the  wort  having  6*3  of  dextrine  to  2*2 
of  sugar. 

1851.  No.  1.  Temp. 

March  28,  5  pjc.    No  action 67*5° 

„       „  10  p.]r.  Light  thin  cream  ......  67*6 

„      29,  9  A.ii.    mite  head 70*0 

„       „    6  PJL  fine  white  head   .       .                               .  71*0 

„      80,  9  AJL    Thick  tough  head 74*0 

„       „    6  PJC    Tough  brown  head 76*0 

„      81,  2  P.1C  Ferment  well  roused  up        .        .        .        .  76*0 

Attenuation  of  No.  1 8*5 

April    2,  2  P.1C    (Skimmed  off  yeast) 10*0 

„       11,  2  PJC  „  „  .         .         k         .         n     16*0 

„      13,  2  P.1C  „  „  .....    16*a 

No.  2, 


March  28,  5  P.1C    No  action 

10  PJC    ]^ne  white  head 


lt9,  9  A.ic  Thick  yellow  head 

„    6  p.ic  Fine  tough  brown  head 

30,  9  A.1C  High  roused-up  rocky  head 

„    6  P.1C  In  rapid  fermentation 


.  68*0 

.  70*0 

.  74*0 

.  77*0 

.  77*0 

.  76*6 

81,  2  p.m.    Throws  up  much  yeast  (skimmed  off  yeast)  .  76  0 

^^tttrffVmofNo.  2 12*7 

April    2,  2P.1C          „            „                 16*6 

„      11,  2P.JC          „            „                 17*6 

„      13,  2  P.JC          „            „                 18*2 

The  temperature  of  both  had  now  fallen  to  69°  F.,  though  each  had  been  roused 
repeatedly ;  the  yeast  was  therefore  again  skimmed  off,  and  the  beer  run  into  barrels, 
and  filled  up  with  reserved  wort  three  times  a  day  as  it  worked  over.  On  April  the 
18th  the  barrels  were  closed,  having  then  lost,  by  attenuation— No.  1,  16*2  lbs.,  and 
No.  2, 19*6  lbs.    ^  weeks  afterwards  these  ales  were  examined :— No.  1  was  found 

x2 
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muddy  and  unpleasant ;  whilst  No.  2  had  a  fine  fittgrant  aroma,  a  brisk,  lively  ap- 
pearance, and  was  perfectly  bright.  On  January  2ud,  1862,  the  casks  were  again 
examined ; — ^No.  1  had  now  lost  17*9  lbs.,  and  was  bright,  rich,  and  fine-flayoured ; 
whilst  No.  2.  though  bright  and  pleasant,  had  contracted  a  little  acidity,  and  was 
becoming  flat :  it  had  lost,  in  all,  21^  lbs. 

Two  similar  experiments,  made  about  the  same  time  in  another  quarter,  gave 
almost  exactly  the  same  results;  and,  consequently,  there  can  be  little  doubt  that, 
where  a  quick  sale  and  rapid  consumption  of  beer  can  be  ensured,  the  great  object  of 
the  brewer  should  be  to  oonyert  as  much  of  the  dextrine  of  his  wort  into  sugar  as  is 
proportional  to  the  rapidity  of  that  consumption ;  whereas,  for  beer  intended  to  keep, 
the  opposite  practice  should  be  followed. 

The  conversion  of  any  given  amount  of  the  dextrine-wort  into  sugar  may  be  effected 
either  by  keeping  up  the  temperature  of  the  mash-tun,  and  prolonging  the  operation  of 
mashing;  or,  which  is  better  and  simpler,  by  merely  preserving  the  wort  for  a  few 
hours  at  a  heat  of  166^  P.,  either  in  the  underback  or  any  other  convenient  vesseL 
We  have  found  from  experiment  that  a  wort  which  when  run  out  from  the  mash-tun 
had  only  3  parte  of  sugar  to  16  of  dextrine,  became  by  10  hours*  exposure  to  a  heat 
of  165^  converted  almost  altogether  into  sugar, — ^the  proportions  then  being  17*8  of 
sugar  to  r2  of  dextrine. 

A  very  importent  part  of  the  duty  of  a  brewer  should  therefore  be,  first,  the  deter- 
mination of  the  relative  amounte  of  dextrine  and  sugar  required  to  suit  the  taste  of  his 
customers,  or  the  drcumstences  of  the  market,  and  next,  the  continued  careful  ex- 
amination of  his  wort,  so  as  to  ensure  that  these  proportions  are  regularly  maintained ; 
for  by  no  other  plan  is  it  possible  to  ensure  that  oertointy  of  result  and  uniformity 
of  quality  which  are  essential  to  the  proper  conducting  of  an  expencdve  business 
like  browing.  Far  too  little  attention  bias  hitherto  been  given  to  the  fluctuating 
qualities  of  beer-wort ;  in  warm  weatber,  this  wort  should  probably  contain  at  least 
twice  as  much  dextrine  as  in  winter ;  yet  this  is  the  very  period  when,  from  the  in- 
creased temperature  of  the  air  and  materials,  the  largest  quantity  of  sugar  must  be 
formed  by  tnoee  who  mash  upon  a  fixed  and  unvarying  principle.  Hence  the  prone- 
ness  of  the  wort  to  ferment  violently  in  summer  is  still  ftirther  increased  by  the  pre- 
sence of  an  extra  proportion  of  sugar ; — whereas  prudence  would  suggest,  under  such 
drcumstences,  a  predominance  of  dextrine,  and  seek  to  effect  this  jpurpose  by  a  low 
temperature  in  the  mash-tun,  and  by  shortening  the  period  of  mashing.  As  a  eeneral 
rule,  in  the  management  of  wort,  more  sugar  is  requisite  where  smaU  quantities  are 
brewed  at  a  time,  than  where  large  operations  are  conducted,,  for  the  loss  of  heat  is 
relatively  larger  in  small  masses  than  in  large  ones ;  and,  fiom  what  has  been  steted, 
it  must  be  apparent,  that,  as  the  fermentation  of  dextrine  is  more  easily  checked  by 
cold  than  that  of  sugar,  the  beer  brewed  in  trifiing  quantities  could  not  preserve  a 
fermentetive  temperature,  but  would  become  chilled  and  dead  from,  the  excessive 
radiation  of  heat,  unless  a  principle  existed  in  it  capable  fii  fermentetlon  at  the 
most  ordinary  temperatores  of  this  country.  If,  therefore,  beer-WOTt  consisting  chiefly 
of  dextrine  be  fermented  in  very  cold  westther,  or  with  an  insufiftciency  of  yeast,  or  if 
the  temperature  happen  to  rise  too  high,  so  as  to  destroy  or  impair  the  fermentative 
power  c^  the  yea^  then  a  dull  languid  action  will  ensue,  accompanied  by  what  has 
been  called  the  viscous  fermentation,  and  beer  beoomes  permanently  rt^y,  and  is 
spoiled. 

Although,  clearly,  it  would  be  imposable  to  lay  down  any  specific  rule  for  the 
poper  proportion  of  dextrine  and  sugar  in  beer-wort,  yet  there  could  be  no  difficulty 
m  each  brewer  determining  for  himself,  and  for  the  conditions  of  quantity,  time  of  sale, 
time  of  year,  and  other  contingencies,  the  requisite  ratio  to  be  esteblished  in  his  own 
case ;  and,  as  we  have  shown,  nothing  can  be  simpler  than  the  means  proposed  for 
ascertaining  the  composition  of  wort,  remembering  that,  though  a  dextrine-wort  may 
be  thought  to  have  a  superior  keeping  property,  it  should  ^  rather  said  that  it  is 
slower  in  arriving  at  maturity,  whereas  a  fml  saccharine  wort  can  be  fermented  more 
readily,  is  more  under  control,  and  the  beer  sooner  beoomes  a  brilliant  and  matured 
beverage. 

The  quantity  of  extract  per  barrel  weight,  which  a  quarter  of  malt  yields  to  wort, 
amounte  to  about  84  lbs.  The  wort  of  the  first  extract  is  the  strongest ;  the  second 
contains,  commonly,  one-half  the  extract  of  the  first ;  and  the  third,  one-half  of  the 
second,  according  to  circumstances.  , 

To  measure  the  degrees  of  concentration  of  the  worts  drawn  off  fh>m  the  tun,  a 
particular  form  of  hydrometer,  called  a  saccharometer,  is  employed,  which  indicates 
the  number  of  pounds'  weight  of  liquid  contained  in  a  barrel  of  86  gallons  imperial 
measure.  Now,  as  the  barrel  of  water  weighs  360  lbs.,  the  indication  of  the  instrument, 
when  placed  in  any  wort,  shows  by  how  many  pounds  a  barrel  of  that  wort  is  heavier 
than  a  barrel  of  water ;  thus,  if  the  instrument  sinks  with  ite  poise  till  the  mark  10  is 
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upon -a  lino  vith  tho  surface  of  the  liquid,  it  indicates  tlint  a  barrel  of  that  irort  weighs 
ton  pounds  more  than  a  barrel  of  water.    See  Sa,ochabombteb. 

Or,  supposing  the  barrel  of  wort  weighs  396  lbs.,  to  convert  that  number  into 
specific  gravity,  we  have  the  following  simple  rule : — 

360:  396::  100:  i-ioo; 

at  which  density  the  wort  contains  about  25  per  cent,  of  solid  extract 

Now  the  ordinary  German  chemical  thermometer,  as  supplied  from  all  laboratories 
u  br  fur  the  more  reliable  and  useful  instrument ;  some  men  have  for  years  used  them 
in  the  mashing,  and  are  quite  proud  of  the  exactness  and  facility  with  which  they  are 
enabled  thereby  to  manage  the  process.  The  hair  stem  is  enclosed  along  with  a  paper 
scale  (properly  adjusted  and  accurately  divided)  within  a  glass  tube  annealed  at  the 
top,  and  the  lower  end  on  to  the  upper  portion  of  the  bulb ;  thus,  with  certainty,  ex- 
posing the  bulb  alone  to  the  influence  of  apparent  heat  By  fine  copper  wire  twisted 
round  the  top  and  lower  portions,  this  tube  is  attached  to  a  long  wood  stick  1  inch 
X  1|,  cheeked  on  either  side  with  a  lath  of  8  or  4  feet  long,  and  riHing  to  the 
front  nearly  }  of  an  inch,  to  protect  the  thermometer  from  actual  contact  in  the 
event  of  an  accidental  knodc ;  upon  the  lower  end  of  the  stick  I  attach  a  small  tin 
box  or  cover  about  4  inches  long,  just  the  width  of  the  stick,  and  about  an  inch  in 
depth.  This  covers  the  bulb,  and  is  fitted  at  the  lower  end  with  a  simple  tin  trap* 
door  valve  arrangement,  which  opens  upward  on  the  inside,  whenever  the  slightest 
pressure  is  applied  underneath  it  by  contact  with  the  mash,  and  the  instrument  is 
compete. 

When  this  apparatus  is  thrust  into  the  goods,  their  upward  pressure  pushes  open 
the  valve,  and  allows  them  to  pass  over  the  bulb,  and  immediately  on  attempting  to 
withdraw  the  instrument  the  valve  again  doses.  This  of  course  can  be  repeat^  at 
pleasure,  and  changes  the  goods  in  immediate  contact  with  the  bulb,  with  every  fresh 
motion  of  the  hand,  be  it  ever  so  slidit,  and  these  are  distinctly  marked  by  the  click 
of  the  valve  as  it  closes  being  felt  By  this  simple  and  inexpensive  arrangement,  the 
brewer  has  a  trusty,  useful  thermometer,  with  vmich  he  can  easily  obtain  a  sample  of 
his  mash  from  an^  part  of  his  tub  whatever.  The  thermometer  can  be  read  wiUi  the 
greatest  deliberation ;  its  indications  are  almost  instantaneous  and  quite  reliable,  and  a 
slight  jerk  is  all  that  is  required  to  f^  it  entirely  from  every  grain  the  box  contains, 
when  reading  the  stenu 

We  will  here  give  a  few  moments'  consideration  to  the  amount  of  extaract  to  bo  ob- 
tained from  a  certain  quantity  of  malt,  and  for  practical  purposes  let  us  say  eight 
bushels,  or  one  imperial  quarter. 

It  is  ascertained  from  experiment  that,  on  an  average,  60  lbs.  of  ordinary  glucose 
(grape-sugar)  are  e<jual  to  2  bashels  of  malt  in  producing  a  bsurrel  of  beer.  A  bushel 
of  malt  usually  weighs  about  40  lbs. ;  if  it  weighs  less,  on  account  of  being  more 
thoroughly  malted,  it  is  all  the  better.  This  proves  that  80  lbs.  of  dry  malt,  at  least 
60  lbs.,  or  75  per  cent,  are  taken  up  by  the  brewing  liquor.  It  has  been  farther  ascer- 
tained by  experiment  that  the  amount  of  these  substances  just  given,  namely  60  lbs. 
of  glucose,  or  80  lbs.  of  malt,  will  produce  a  barrel  of  beer  of  20  lbs.  per  barrel 
gravity* 

From  this  the  practical  brewer  may  deduce  that,  to  ascertain  the  amount  of  dry  extract 
taken  from  the  malt  he  has  been  brewing,  he  must  multiply  the  lbs.  per  barrel  gravity 
by  8,  and  even  this  will  but  show  the  proportion  of  dry  extract  taken  up  by  the 
brewing  liquor  alone.  This  multiplier  is  somewhat  more  than  that  allowed  hj  the 
Exdse,  theirs  being  2*6  instead  (tf  8 ;  but  it  must  be  borne  in  mind  that  their  Tables 
were  framed  upon  the  basis  of  cane-sugar  instead  of  malt,  and  that  90  parts  cane- 
sugar  are  equal  in  atomic  equivalent  to  95  parts  pure  glucose.  On  this  account^  there- 
fore, also»  their  multiplier  ought  to  be  2*7368  instead  of  2*6.  The  knowledge  of  this 
is  of  course  extremely  galling  to  the  export  brewer.  It  will  at  once  be  seen  that  in 
order  to  determine  by  a  rough  and  reaidy  estimate  what  a  certain  amount  of  malt 
should  produce,  simply  divide  the  total  number  of  lbs.  of  malt  by  4.  This  will  give 
the  total  gravity  of  extract  obtainable  from  good  malt  for  common  beers,  and  if  it  is 
desired  to  know  the  lbs.  per  barrel  that  should  be  obtained  for  a  particular  brewing, 
simpty  divide  this  total  extract  gravity  by  the  number  of  barrels  brewed;  tiius 
20  quarters  of  malt  at  40  lbs.  per  bushels 6,400  lbs.  malt  :— 

4)  6400 

1600  lbs.  gravity  of  extract 

When  cooled  down  and  got  into  the  fermenting-tun,  if  there  were  66  barrels  of  it, 
1600^66=24*2  lbs.  per  barrel,  would  be  the  weight  of  the  beer*  This  is  found 
practically  correct,  though  it  must  not  be  contended  that  you  have  here  an  account 
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of  ftU  tldat  has  been  obtained  from  the  malt ;  there  is  no  account  of  all  the  loBSea 
that  are  inevitable  in  the  process  of  brewing,  and  these  of  course  vary  according 
to  the  peculiarities  of  each  brewing.  As  to  the  amount  a  quarter  of  malt  ought 
to  yield,  there  is  much  diversity  of  opinion,  and  of  a  necessity  this  must  continue 
to  be  so  according  to  the  circumstances  and  class  of  trade  of  a  brewer,  and  the 
kind  of  ale  most  suitable  to  Mm ;  but  to  ale  adapted  to  the  preyailing  taste  of  the 
present  day,  the  experienced  brewer  will  find  iJiat  the  more  he  can  afford  to  be 
below  80  lbs.  per  quarter  when  cooled  down  and  got  into  the  fermenting-tun,  the 
quicker  and  more  certain  will  be  his  profits,  and  the  less  annoyances  will  he  faaTO ; 
indeed,  for  ale  that  is  not  vatted  it  is  most  advisable,  and  far  those  that  are,  it  is 
prudenty  especially  in  warm  weather. 

The  object  of  boiling  the  wort  is  not  merely  evaporation  and  concentration,  but 
extraction,  coagulation,  and,  finally,  combination  with  the  hope ;  purposes  which  may 
be  accomplished  in  a  deep  confined  copper,  by  a  moderate  heat,  or  in  an  open  shallow 
pan  with  a  qtdck  fire. 

The  copper,  beins  encased  above  in  brickwork,  retains  its  digesting  temperature 
much  longer  than  the  pan  could  da  The  waste  steam  of  the  dose  kettle,  nKxre- 
over,  can  be  economically  employed  in  communicating  heat  to  water  or  weak  worts, 
whereas  the  exhalations  from  an  open  pan  would  prove  a  nuisance,  and  would  need 
to  be  carried  off  by  a  hood. 

The  boiling  has  a  fourfold  effect:  first,  during  the  earlier  staples  of  heating,  it 
converts  Hie  starch  into  sugar,  dextrine,  and  gum,  by  means  of  the  diastase ;  secondly, 
it  concentrates  the  wort ;  thirdly,  it  extracts  me  substance  of  the  hops  diffused  thioogh 
the  wort ;  fourthly,  it  coagulates  the  albuminous  matter  present  in  the  grain,  or  pre- 
cipitates it  by  means  of  the  tannin  of  the  hops. 

The  degree  of  evaporation  is  regulated  by  the  nature  of  the  wort  and  the  qualify 
of  the  beer.  Strong  ale  and  stout,  for  keeping,  require  more  boiling  than  orainaiy 
porter  or  table-beer,  brewed  for  immediate  use.  The  proportion  of  the  water  carried 
off  by  evaporation  is  usually  from  a  seventh  to  a  fourth  of  the  volume. 

The  hops  are  introduced  at  the  commencement  of  the  process.  They  serve  to 
give  the  beer  not  only  a  bitter  aromatic  taste^  but  also  a  keeping  quality,  as  they 
counteract  its  natural  tendency  to  become  sour— an  efibct  partly  due  to  the  pre- 
cipitation of  the  albumen  and  starch,  hj  their  resinous  and  tanning  constituents, 
and  partly  to  the  antifermentable  properties  of  the  lupuline,  bitter  principle,  ethereous 
oil,  and  resin.  In  these  respects,  there  is  none  of  the  bitter  plants  which  can  be 
substituted  for  hops  with  advantage. 

For  strong  beer,  powerful  fresh  hops  should  be  selected ;  for  weaker  beer  an  older 
and  weaker  article  will  suffice. 

The  stronger  the  hops  are,  the  longer  time  they  require  for  the  extraction  of  their 
virtues ;  for  strong  hops  an  hour  and  a  half,  or  two  hours'  boiling  may  be  proper; 
for  a  weaker  sort,  an  hour  may  be  sufficient ;  but  it  is  never  advisable  to  push  this 
process  too  far,  lest  a  disagreeable  bitterness,  without  aroma,  be  imparted  to  the 
beer.  In  some  breweries  it  is  the  practice  to  boil  the  hops  with  a  part  of  the 
wort,  and  to  filter  the  decoction  through  a  drainer,  called  the  hop-back.  The  pro- 
portion of  hops  to  malt  is  very  various ;  but,  in  general,  from  if  lbs.  to  IJ  lbs.  of 
the  former  are  taken  for  100  lbs.  of  the  latter  in  making  g^ood  table-be^. 

For  porter  and  strong  ale,  2  lbs.  of  hops  are  used,  or  even  more :  for  instance,  firom 
2  lbs.  to  2 jr  lbs.  of  hops  to  a  bushel  of  malt,  if  the  beer  be  destined  for  consump- 
tion in  In£a. 

During  the  boiling  of  the  two  ingredients,  much  coagulated  albuminous  matter,  in 
various  stages  of  combination,  makes  its  appearance  in  the  liquid,  constituting  what 
is  called  the  breaking  or  curdling  of  the  wort,  when  numerotis  minute  fiocks  are  seen 
fioating  in  it  The  resinous,  bitter,  and  oily  ethereous  princi^des  of  the  hops  combine 
with  the  sugar  and  gum  or  dextrine  of  the  wort ;  but  for  this  eflsct  they  require  time 
and  heat ;  showing  that  the  boil  is  not  a  process  of  mere  evaporation,  but  one  of 
chemical  reaction.  A  yellowish  green  pellicle  of  hop-oil  and  reem  appears  upon  the 
surface  of  the  boiling  wort,  in  a  somewhat  frothv  form ;  when  this  disappears  the 
boiling  is  presumed  to  be  completed,  and  the  beer  is  strained  off  into  the  cooler.  The 
residuary  hops  may  be  pressea  and  used  for  an  inferior  qualitv  of  beer ;  or  they  may 
be  boilea  witn  fresn  wort,  and  be  added  to  the  next  brewing  charge. 

Many  prefer  adding  the  hops  when  the  wort  has  just  come  to  the  boiling  point. 
Their  effect  is  to  repress  the  passage  into  the  acetous  stage,  which  would  ot^&erwise 
inevitably  ensue  in  a  few  days.  In  this  respect  no  other  vegetable  production  hitherto 
discovered  can  be  a  substitute  for  the  hop. 

•  The  odorant  principle  is  not  so  readily  volatilised  as  would  at  first  be  imagined ; 
forvi4ien  hop  is  mixed  witli  strong  beer-wort,  and  boiled  for  many  hours,  it  can  stiU 
impart  a  very  considerable  degree  of  its  fiavour  to  weaker  beer. 
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'  Bj  meire  inftlmoii  in  hot  bMr  or  "tmter,  without  boiling,  the  hoD  loses  very  little  of 
Its  soluble  principles.  The  tannin  of  the  hop  combinesi  as  we  naye  said,  with  the 
Tegetable  albmnen  of  the  barley,  and  helps  to  clarify  the  liqnor. 

If  the  hops  be  boiled  in  the  wort  for  a  longer  period  than  flye  or  six  hoars,  they 
lose  a  portion  of  their  fine  flayonr ;  but  if  their  natural  flayour  be  rank,  a  little  extra 
bmling  improyes  it.  Many  brewers  throw  the  hops  in  upon  the  surface  of  the  boiling 
wort,  and  allow  them  to  swim  there  for  some  time,  that  the  steam  may  penetrate 
them,  and  open  their  pores  for  a  complete  solution  of  their  principles  when  they  are 
pushed  down  into  the  liquor. 

The  quantity  of  hop  to  be  added  to  the  wort  yaries  according  to  the  strength  of  the 
beer,  the  length  of  time  it  is  to  be  kept,  or  the  heat  of  the  climate  where  it  is  intended 
to  be  sent. 

For  weak  beer  4^  lbs.  of  hops  are  required  to  a  quarter  of  malt ;  but  when  it  is 
intended  to  be  highly  aromatic  and  remarkably  clear,  and  for  the  stronger  kinds  of 
ale  and  porter,  the  rule,  in  England,  is  to  take  1  lb.  of  hops  for  eyery  bushel  of  malt, 
or  8  lbs.  to  a  quarter.  Common  beer  has  seldom  more  than  ^  lb.  of  hops  to  a  bushel 
cfmalU 

The  form,  si<e,  and  setting,  the  extent  of  fire-bed  and  dimensions  of  the  fines,  as 
also  the  power  of  draught  procurable  of  a  wort  copper,  are  each  and  all  of  such 
importance  that  none  but  men  of  experience  should  be  entrusted  with  the  work  of 
placing  it. 

Witia  respect  to  the  first  of  these  qualifications,  the  rapid  evaporation  rei^uired 
will  suggest  an  open  shallow  basin,  turned  in  at  the  top,  so  as  to  roll  violent 
ebullition  into  the  pan ;  the  fine  should  not  expose  the  lower  part  of  the  pan  higher 
than  can  be  covered  by^  the  first  charge  run  off  from  the  mash-tun,  or  the  thin  edge 
of  its  contents  are  liable  to  bum  and  thereby  colour  and  perhaps  fiavour  the 
brewing. 

It  should  be  set  so  that  the  whole  bottom^  is  freely  exposed  to  the  fire,  and  the 
bridge  so  placed  as  to  direct  the  fiame  straight  up  against  it,  midway  between  the 
centre  and  edge  in  front  In  size  it  should  be  capable  of  boiling  away  one-fourth  of 
the  brewing ;  a  pan,  say  of  60  barrels  contents,  would  tarn  out^  an;er  boiling,  45 
barrels. 

In  estimating  for  a  copper  of  anv  size,  it  is  usual  to  reckon  thus :  suppose  you 
desire  a  copper  to  boil  for  a  60-barrel  brewing,  the  contents  of  the  copper  snould  be 
80  barrels,  and  this  will  only  just  allow  for  expansion  of  bulk  and  the  violent 
ebullition. 

The  extent  of  fire-bed  and  power  of  draught  should  be  such  as  would  enable 
the  boiling  to  be  finished  within  two  hours  from  the  time  the  pan  was  fully  charged. 
All  beers  should  be  boiled  at  least  two  hours,  or  much  more  of  the  value  of  the  hops 
will  be  thrown  away  than  is  necessary:  it  will  not  endanger  either  the  colour 
or  the  fiavour  of  the  palest  ales,  and  it  is  time  sufi&cient  to  ensure  much  of  the 
benefit  arising  from  the  depuration  of  the  fiocks  by  the  coagulation  consequent  on 
boiling. 

The  colour  desired  should  also  partially  regulate  the  time  required  for  boiling ; 
fbr  pale  ales  about  two  hours  is  sufficient,  but  not  too  much :  for  deep  amber,  two  and 
a  half  to  three  hours ;  for  rich  brown  ales  from  three  to  four  hours  will  not  be  found 
too  long ;  but  in  deciding  this,  the  colour  of  the  malt-extract,  of  the  hops,  and  the 
gravity  <k  the  wort  must  each  be  considered. 

The  following  considerations  are  submitted  for  the  guidance  of  the  brewer  in  this 
operation. 

In  the  first  place,  except  in  steam-tight  bmlers,  you  Cannot  raise  the  heat  above 
212^,  however  nard  you  boil;  by  increasing  the  fire,  therefore,  you  gain  rapidity  of 
concentration,  and  colour  is  obtained  not  by  hard,  but  by  long  boiling. 

Secondly,  if  wort,  boiled  either  with  or  without  hops,  be  examin^  by  any  of  the 
simple  tests  for  the  albumenoids  at  difikrent  times  in  the  process  of  boiling,  it  will  be 
found  that  the  longest  boiled  will  be  the  most  free  froni  the  albuminous  constituents, 
and  that  it  is  almost  impossible  to  boil  wort  long  enough  to  free  it  entirely  from  them ; 
in  this,  again,  a  ^ood  boiling  proves  of  value,  for  it  enhances  the  keeping  power  of 
the  beer  by  Meeting  from  it  those  constituents  which  are  so  troublesome  to  the 
brewer. 

Again,  the  more  concentration  that  can  be  permitted  in  the  pan,  the  more  of  the 
valuable  properties  that  most  deep-spring  waters  contain  are  utilised,  and  these  assist 
greatly  the  clarifying  and  soundness  of  the  ultimate  product. 

Thirdly,  with  regard  to  the  boiling  with  hops,  the  same,  almost  precisely,  may  be 
said,  for  the  lupuline  and  tannin  of  the  hop  are  very  difficult  to  draw  firom  their 
covert,  but  as  wis  is  being  accomplished,  it  does  its  work  of  depuration,  separating 
with  its  load  of  albominona  flocks,  as  tannate  of  albumen. 
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In  apportioning  the  hops  that  are  to  be  boiled  with  the  wort,  quantity  nrast  be  con- 
sidered quite  as  much  as  quality,  for  it  is  on  the  amount  of  tannin  utilised  that  the 
clarifying,  and  therefore  the  keeping  power  of  the  beer,  depends. 

The  hops  used  for  this  purpose  may  be  mixed  with  yearlings  and  a  small  propor- 
tion of  ola  hops,  but  these  latter  must  be  carefully  selected,  for  in  very  old  hops  the' 
tannin  is  apt  to  degenerate  into  the  gallic  form,  and  then  it  is  useless  as  an  agent  to 
precipitate  the  albuminous  flocks  from  the  wort. 

Befrigerators  have  now  become  so  generally  used,  that  the  slow  process  of  cooling 
is  quite  the  exception  in  breweries,  but  the  groat  benefit  resulting  tram  the  quiet 
separation  of  the  flocks  as  it  rested  on  the  cooler  should  not  be  lost  sight  of ;  but  it  is 
very  much  feared  that  the  great  advantages  derivable  from  using  powerful  refi^ge- 
rators  have  led  many  away  from  the  slow  but  prudent  course,  for  by  allowing  the 
sediment  to  pass  into  the  fermenting  tun,  the  soundness  and  qualities  of  the  beers 
concerned  are  very  much  impaired.  But  by  the  exercise  of  a  littie  ingenuity  and 
careful  management,  aU  the  best  benefits  expected  from  using  the  most  powerful 
refrigerators  may  be  obtained  without  any  additional  risk. 

In  the  first  place,  let  the  hop-back  be  provided  with  some  arrangement  which  shall . 
include  a  guard  to  keep  the  hops,  with  ports  to  prevent  a  disturbance  of  the  sedi- 
ment settied  under  the  plates,  and  a  floating  sypnon  provided  with  a  flattened  tin 
mouth-piece. 

After  the  wort  is  discharged  from  the  copper,  allow  it  to  rest  in  the  hop-back  until 
such  time  as  the  whole  of  mQ  flocks  and  hops  shall  have  settied  to  the  bottom,  open 
the  ports,  and  push  the  mouth  of  the  svphon  below  the  surface ;  it  will  then  draw  off 
all  the  wort  aean,  bright,  and  freed  from  every  particle  of  flocks  at  any  speed 
desired. 

Kow  this  is  a  simple  and  not  expensive  arrangement. 

About  an  hour  wiU  be  found  long  enougli  for  a  90  or  100  barrel  brewing  to  stand. 
It  should  then  be  passed  through  the  refrigerator  within  two  hours  after,  the  machine 
of  course  being  of  such  actual  power  as  to  be  capable  of  cooling  a  whole  brewing,  no 
matter  what  the  size,  in  that  time. 

It  will  then  be  found  that  the  brewing  has  passed  on  to  the  refrigerator  before 
the  wort  in  the  hop-back  has  fallen  even  to  150  degrees,  and  this  precludes  aU  pro- 
bability of  the  wort  attaining  acetancy  from  exposure  on  account  of  cooling. 

Another  ver^  excellent  mode  of  fermentation,  very  general  in  the  Northern  Counties 
and  Scotiand,  is  that  known  as  the  stone-square  system,  and  it  has  certainly  a  claim 
to  the  most  serious  consideration  of  the  practical  brewer  on  account  of  its  many 
merits.  It  is  very  cleanly  and  simple  in  process,  thorough  in  its  work,  most  easily 
and  perfectiy  under  control,  will  prepare  the  beer  for  consumption  in  less  time  than 
any  other  process,  and  is  worked  at  heats  far  removed  from  aU  dangerous  tendencies, 
and  these  are  all  qualities  which  must  greatiy  commend  the  system  in  a  commercial 
point. 

It  is  thus  conducted : — 

The  stone  square  is  a  cistern  made  of  hard  blue  stone  or  slate  nearly  six  feet  deep. 
This  is  for  the  reception  of  the  wort  to  be  fermented :  it  should  hold  from  20  to  25 
barrels.  Upon  it  is  placed  another  stone  cistern  of  sufficient  dimensions  to  contain  the 
whole  of  the  yeast  head  that  may  be  made.  This  is  called  the  yeast-back.  It  is  usually 
capable  of  holding  about  half  the  contents  of  the  wort  square ;  it  has  a  man-hole  in 
the  centre,  surrounded  on  the  top  by  a  circular  stone  ring  of  a  section  of  about  six 
inches  square.  Some  twelve  inches  in  front  of  this  man-hole  is  another  hole,  about  flve 
or  six  inches  diameter,  fltted  with  a  valve  arrangement,  to  the  underside  of  which  is . 
screwed  a  large  tin  pipe  called  the  organ-pipe,  conducting  the  wort  to  within  about 
two  inches  from  the  bottom.  There  is  also  in  the  comer  another  hole,  fltted  with  a 
plug  at  the  top,  and  having  a  pipe  attached  to  conduct  the  yeast  (after  the  fermenta- 
tion is  flnished)  to  the  yeast  waggon  in  the  cellar  below ;  the  yeast-back  usually  pro- 
jects some  eighteen  inches  around  the  wort  cistem,  and  is  from  thirty  to  thirty-six 
inches  deep. 

The  wort  cistem  is  contained  within  another  stone  cistem  as  deep  as  itself,  within 
3  or  4  inches  from  the  top.  This  is  called  the  shell ;  it  allows  of  a  free  space  all  around 
the  outside  of  the  wort  square  of  about  5  or  6  Inches.  This  is  to  allow  of  the  applica- 
tion of  a  suitable  bath  of  warm  or  cold  water,  as  may  be  required,  to  control  the 
temperature  of  the  fermenting  wort;  to  assist  in  this  operation  a  notch  is  cut  at  the 
back  of  the  shell,  at  the  top  of  the  side  slab :  from  this  the  water  is  allowed  to  overflow 
as  required. 

All  the  slabs  composing  thece  cisterns  should  be  sawn  plain  and  parallel  on  both 
sides.  The  bottom  slab,  of  course,  serves  for  both  the  wort  cistem  and  shell :  it  has 
two  taps  let  into  it  to  drain  each  respectively,  and  in  front,  about  1^  or  2  inches  up 
from  tae  bottom,  a  racking  pipe  with  tap  attached  is  let  in  horizontally  through  the 


Digitized  by  VjOOQIC 


BEEB  31S 

shell  and  woirt^back  slabs.  To  this  a  hoso  pipe  is  ecxvweO,  and  the  wort  is  thus  drawn 
£rom  the  dstoni  into  the  casks  to  be  sent  out  to  the  consumer,  bright,  clean,  and  quite 
free  from  the  sediment  settled  at  the  bottom  of  the  square. 

There  are  two  ways  of  working  the  stone-square  system :  in  the  one,  or  what  we 
may  call  the  quiet  process,  as  the  wort  is  run  into  the  square  the  yeast  is  added,  and 
the  whole  remains  undisturbed  till  the  fermentation  is  finished  (Uus  is  known  by  the 
&lling  of  the  yeast),  when  it  is  allowed  to  run  off  through  the  yeast-pipe  in  the 
comer,  the  wort  remaining  in  the  square  till  perfectly  quiet,  when  it  is  aLo  bright 
and  ready  for  racking  into  the  casks  to  be  sent  out  to  the  consumer. 

In  the  other  process,  after  the  wort  and  yeast  are  mixed  in  the  square,  it  is  allowed 
to  rest  and  work  of  itself  tiU  there  is  an  ovidence  of  the  head  just  beginning  to  falL 
This  will  usually  occur  about  thirty-six  hours  after  the  square  has  been  filled,  sooner 
with  light,  later  with  heavy  ones.  Hand-pumps  are  then  placed  in  the  man-hole,  and 
the  wort  is  pumped  on  to  the  back  above,  well  mixed  with  the  new  head,  and  let 
down  into  the  bottom  of  the  square  again  by  the  means  of  the  valye  and  organ-pipe. 
This  is  repeated  every  1^  or  2  hours,  and  the  attenuation  watched  by  the  aid  of  tne 
brewer's  saccharometer.  When  it  is  desired  to  stop  the  progress  of  the  fermentation, 
it  is  merely  allowed  to  rest  6  hours  ;  when  the  yeast  is  let  off  the  back  and  the  wort 
in  the  square  allowed  to  rest  till  it  is  bright  and  ready  for  racking.  The  time  occurred 
by  the  pumping  varies  with  the  character  and  gravity  of  the  beer  in  the  square  uom 
12  to  30  hours ;  and  the  time  for  rest  afterward  from  80  to  48  or  90  hours,  according 
as  it  is  required  to  be  ready  for  the  consumer,  sooner  or  otherwise. 

As  to  the  amount  of  yeast  to  be  apportioned  to  the  setting  on,  the  brewer  must  be 
principally  guided  by  his  experience,  for  in  addition  to  the  gravity  of  the  wort  and 
the  amount  of  attenuation  required,  manj  other  points  have  to  be  considered,  as  the 
particular  kind  of  ale,  the  state  of  briskness  in  which  it  is  most  acceptable  to  the 
consumer,  the  character  of  the  malt,  and  the  extent  to  which  exhaustion  has  been 
carried,  the  amount  of  hope  and  the  length  of  time  it  has  boiled,  the  age  and  constitu- 
tion of  the  yeast,  the  season  and  state  of  the  atmosphere — all  these  considerations 
make  it  nearlv  impossible  to  construct  a  table  of  quantities,  or  even  give  a  general 
rule  as  a  ^de  that  may  be  relied  on  by  the  brewer. 

From  circumstances  peculiar  to  every  brewer's  trade,  it  will  be  seen  at  once  how 
much  difficulty  there  is  in  framing  a  table  for  the  quantities  of  the  yeast  to  be  added  to 
the  wort  at  the  setting  on.  In  order  to  render  this  article  as  complete  and  practical 
as  possible,  it  may  be  stated  for  wort  mashed  in  the  latter  of  the  processes  described, 
and  fermented  by  the  second  of  the  processes  of  the  stone-square  systems,  the  extent 
of  extract  being  about  83  lbs.  per  ouarter  when  cooled  down  and  got  into  the  squares 
(this,  of  course,  being  less  than  the  real  amount  taken  from  the  malt),  that  for  a 
gravity  of  about  24  lbs.  per  barrel,  2^  1  js.  of  yeast  per  barrel  has  been  found  to  be  the 
quantity  answering  the  requirements  best,  the  ale  generally  becoming  bright  in  the 
square  within  six  OAys,  racking  bright  and  in  first-class  condition  for  sending  out  within 
a  week  afterwards* 

As  the  gravity  per  barrel  decrjascs,  the  proportion  of  yeast  to  be  added  must  de- 
crease in  greater  ratio,  owing  to  the  constitution  of  the  wort  being  of  a  more  albu- 
minous nature,  and  for  porters  more  so  still,  and  vice  versd^  as  the  gravity  is  increased 
so  must  the  quantity  of  veast  added  be  increased,  but  in  a  greater  ratio,  on  account  of 
the  more  sacdiarific  quauty  of  tho  wort. 

The  malt  used  in  experimental  trials  was  made  from  |ood  Yorkshire  barley,  and 
weighed  about  39^  lbs.  per  busheL  It  was  dried  a  mce  high  amber,  was  three 
months  old,  and  the  time  of  the  year  was  March,  April,  May. 

For  reasons  very  similar  to  those  applied  to  yeast,  it  is  equally  difficult  to  make  a. 
rule  as  to  the  stopping-point  in  the  process  of  fermentation,  and  the  amount  of  at- 
tenuation necessary,  oUier  than  this,  the  longer  a  beer  has  to  remain  on  tap  the  further 
should  attenuation  be  carried. 

In  porter  it  should  be  to  nearly  f  of  the  original  gravity. 
In  common  and  mild  ales  at  least }  of  the  original  gravity. 
In  strong  ales  nearly  J  of  the  original  gravity. 
In  bitter  ales  quite  |  or  nearly  |  of  the  original  gravity. 

It  will  be  well  here  to  consider  some  of  the  infiuenoes  which  act  so  adversely  upon 
the  reputation  of  the  brewer  from  the  quality  of  the  materials  he  may  have  to  use. 
Every  brewer  should  make  malt  and  malting  his  anxious  study,  quite  as  much  as  he 
should  any  other  portion  of  his  operations,  for  on  it  mainly  depends  the  quality  of  his 
productions,  and  he  should  not  forget  that  it  costs  much  less  in  time,  care,  and 
money,  to  make  bad  malt  than  good,  and  that  it  is  oasv  to  make  bad  malt  yield  over- 
moasure  or  overweight,  just  as  it  is  desired  by  the  local  customs  of  tho  market:  there- 
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fore  it  18  neceesary  for  the  brewer  to  Ibe  yeiy  careful  in  his  selection  and  examination 
of  all  malt  that  comes  to  his  hand,  for  he  is  Tory  soon  made  to  feel  that  any  eyil 
result  from  using  it  is  not  the  fault  of  the  maltster,  but  of  his  mismanagement  in 
brewing ;  therefore  he  must  neglect  nothing  that  will  enable  him  to  secure  to  his  use  a 
suitable  and  trustworthy  article. 

In  an  early  paragraph  of  this  article,  under  the  head  of  Materials,  is  the 
description  of  good  malt,  and  we  will  here  state  the  characteristic  appearances  of 
barley  that  has  been  improperly  malted. 

First,  tiiere  is  a  deficiency  in  the  growth  of  the  acrospire ;  the  cause  of  this  is 
generally  an  insuffident  steep  in  the  cistern ;  tiie  inducements  to  it  are  two— it  will 
require  less  turning  on  Uie  malting  floor,  and  pay  somewhat  less  duty.  The  results 
are  a  plumpness  and  weight  in  the  malt»  but  with  it  a  perceptible  deficiency  in  the 
sweetness  and  saccharine  constituent  in  the  product,  uiough  an  apparentiy  greater 
grayi^  of  extract  is  obtainable  from  the  exoessiye  proportion  of  the  albuminous 
eonstituent  present.  It  may  be  obseryed  in  brewing  it,  there  is  a  large  amount  of 
sediment  and  fiocks,  and  in  the  fermenting-tun  abundance  of  yeast ;  the  beer  from  it 
will  be  fretfal  and  soon  turn  off. 

In  the  crushing  of  such  malt  in  the  rolls,  it  will  be  perceiyed  there  is  an  abundance 
of  hard  rice-like  enda,  and  the  more  of  these  the  more  harm  and  loss  to  the  brewer, 
for  he  is  either  depnyed  of  the  use  of  them  if  not  crushed  well  up,  or  disappointed  by 
the  fretftilness  of  nis  ale  if  he  crushes  them  so  as  to  gain  a  greater  apparent  grayity 
from  his  mash-tun.  Another  common  fault  is  the  tendency  o£  the  maftsterto  crowd 
kis  floors.  This  increases  the  eyil  begun  with  the  inadequate  steep,  for  the  heat  gene- 
rated forces  up  the  acrospire  beyond  what  the  real  state  of  the  grain  would  warrant, 
causing  it  to  appear  in  an  adyonced  state  when  really  not  so. 

The  maltster,  taking  adyantage  of  this  forward  appearance,  puts  in  on  the 
kiln  at  seyen  or  eight  days  old,  which  is  utterly  at  yananoe  with  the  interests  of 
the  brewer,  to  whom  the  deyelopment  of  the  saccharine  principle  is  the  true  yalue 
of  malting. 

The  treatment  described  aboye  inyolying  heayy  sprinkling  on  the  floor  encourages 
acidity  and  mould,  and  it  is  not  possible  to  eradicate  this  tendency  when  once  fairly 
set  in. 

Perhaps  it  may  be  practically  impossible  to  produce  malt  without  a  trace  of  acetic 
add,  but  the  trace  should  be  all  that  should  be  there,  and  where  mould  has  occurred, 
the  consequences  are  much  worse,  for  much  of  the  sugar  of  the  malt  has  become  lactic, 
and  of  irreparable  lactic  tendency ;  a  sound  wort  can  neyer  be  made  from  such  malt. 

Malt  of  this  description  will  haye  a  dose-fitting  skin  that  good  malt  should  not 
haye,  and  many  of  the  mouldy  grains  will  haye  a  dark  spot  where  the  mould  has 
been  attadied  before  it  was  rubbed  off  by  the  screening.  Addity  is  not  always  to  be 
percdyed  by  the  taste,  but  mould  is  much  easier  of  detection  and  should  be  most 
zigidly  rejected. 

We  wiU  next  consider  the  results  arising  from  i^judidous  drying.  As  in  the  former 
instance,  the  desire  to  tax  to  its  utmost  the  working  ability  of  the  loin  is  the  inoentiye, 
and  the  kiln  is  therefore  oyerloaded,  sometimes  to  the  depth  of  16,  16,  or  18  inches ; 
but  it  is  not  always  the  depth  that  is  at  fault— it  is  often  the  irregularity  of  density  of 
different  parts  of  the  floor,  an  improper  padc  generally,  uneyenness  in  the  distribution 
of  the  heat,  want  of  draught  power  to  penetrate  the  raw  floor,  or  too  much  heat  at- 
tained at  flrst  and  insuflcient  at  last.  All  these  things  haye  yery  baneM  effects  on 
the  malt,  yaiyin^  according  to  the  circumstances,  and  ddng  injury  to  the  extent  and 
degree  of  the  irregularity — but  the  most  common  and  serious  among  them  are, 
oyerloading  and  insufKdent  fire  at  the  finish.  By  the  first  of  these,  grain  that  has 
been  in  all  other  respects  properly  treated,  and  would  haye  been  turned  off  the 
kiln  a  first-rate  artide,  will  be  disappdnting  in  the  mash-tun,  and  almost  useless ; 
the  moisture  that  should  pass  quicUy  away  is  retained  in  the  upper  portion  of  the 
malt  when  it  is  permanently  injured  according  to  the  extent  of  oyer-loading. 

It  is  at  aU  times  difScult  to  detect  this  kind  of  malt,  but  it  may  be  obeerred  that 
there  is  a  sort  of  biscuity  crispness  in  breaking  it  with  the  teeth,  quite  unlike  the  soft 
friableness  of  good  malt.  Moreoyer,  many  of  the  grains  will  appear  hard  and  glossy, 
as,  from  bein^  subjected  to  an  excess  of  heat  at  first,  the  outside  has  become  hard 
before  the  moisture  has  been  ef&dentiy  expelled  fr^mi  the  interior. 

In  condusion,  let  it  be  remembered  that  no  art  of  the  brewer  can  make  a  first-dass 
quality  of  extract  from  inferior  or  unsound  malt.  Great  weights  of  extract  may  be 
obtained  from  the  worst  quite  as  easily  as  from  the  best  of  malts,  but  it  is  certain 
the  less  got  the  better,  for  with  increase  of  extract  out  of  indifferent  samples  of 
malt,  there  will  be  increase  of  trouble,  anxiety,  and  loss,  whilst  by  due  care  in  the 
selection  and  use  of  good  sound  malt  and  healthy  well-cured  hope,  no  brewer  need 
ML  of  procuring  a  sound  and  satisfeuitoiy  ale. 
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Beer  in  ita  perfect  condidon  is  an  excellent  and  healUiM  beverage,  combining,  in 
some  measnze,  the  Tirtnes  of  Trater,  of  wine,  and  of  food,  as  it  qnenches  thirst,  stimu- 
lates, cheers,  and  strengthens.  The  yinons  portion  of  it  is  the  alcohol,  proceeding 
from  the  fermentation  of  the  malt-sugar.  Its  amount,  in  common  strong  ale  or 
beer,  is  about  4  per  cent.,  or  four  measures  of  spirits,  specific  gravity  0*825,  in  100 
measures  of  the  liquor.  The  best  brown  stout  porter  contains  6  per  cent.,  the 
strongest  ale  even  8  per  cent.,  but  common  beer  only  one.  The  nutritive  part  of 
the  ^er  is  the  undecomposed  gum-sugar,  and  the  starch-gum  not  changM  into 
sugar.  Its  quanti^  is  very  vamble,  according  to  the  original  starch  of  tbe  wort» 
the  length  of  the  fermentation,  and  the  age  of  the  beer. 

The  main  feature  of  good  beer  is  fine  colour  and  transparency ;  the  production  of 
irhieh  is  an  ol]ject  of  great  interest  to  the  brewer.  Attempts  to  clarify  it  in  the  cask 
seldom  fail  to  do  it  hann.  The  only  thing  that  can  be  usea  with  advantage  ior  fining 
foul  or  muddy  beer,  is  isingkss.  for  porter,  as  commonly  brewed,  it  is  frequently 
had  recourse  to.  A  pound  ^  good  isinglass  will  make  about  1 2  gallons  of  fininaa.  It 
is  cut  into-  slender  shreds,  and  put  into  a  tub  with  as  much  vinegjar  or  hard  beer  as 
will  cover  it,  in  order  that  it  may  swell  and  dissolve.  In  proportion  as  the  solution 
proceeds,  more  beer  must  be  poured  upon  it»  but  it  need  not  be  so  acidulous  as  the 
first,  because,  when  once  well  softened  by  tiie  vinegar,  it  readily  dissolves.  The 
mixtore  should  be  frequently  agitated  with  a  bundle  of  rods,  till  it  acquires  the  uniform 
consistence  of  thin  troade,  when  it  must  be  equalised  still  more  by  passing  through  a 
tammy-doth,  or  a  sieve.  It  may  now  be  made  up  with  beer  to  the  proper  measure 
of  dilution.  The  quantity  generally  used  is  from  a  pint  to  a  quart  per  biurrel,  more  or' 
less,  according  to  the  foulness  of  the  beer.  But  before  putting  it  into  the  butt,  it 
should  be  difliised  through  a  considerable  volume  of  the  beer  with  a  whisk,  till  a 
frothy  head  be  raised  upon  it.  It  is  in  this  state  to  be  poured  into  the  cask,  and  briskly 
stirred  about ;  after  which  the  cask  must  be  bunged  down  for  at  least  24  hours,  when 
the  liquor  should  be  limpid.  Sometimes  the  beer  will  not  be  improved  by  this  treat- 
ment; but  this  should  be  ascertained  beforehand,  by  drawing  off  some  of  the  beer 
into  a  cylindrio  jar  or  phial,  and  adding  to  it  a  little  of  the  finings.  After  shaking 
and  setting  down  the  glass,  we  shall  observe  whether  the  feculendes  begin  to  collect 
in  fiocky  parcels,  whi<^  sloid^  subside ;  or  whether  the  idnfflass  falls  to  the  bottom 
without  making  any  impression  upon  the  beer.  This  is  always  the  case  when  the 
fermentation  is  incomplete,  or  a  secondary  decomposition  has  began.  Mr.  Jackson 
has  accounted  for  this  claiiffing  effect  of  isinglass  m  the  following  way. 

The  isinglass,  he  thinks,  is  £st  of  all  rather  difihsed  mechanically,  than  chemically 
dissolved,  in  the  sour  beer  or  vinegar,  so  that  when  the  finings  are  put  into  the  foul 
beer,  the  gelatinous  fibres,  being  set  free  in  the  liquor,  attract  and  unite  vnth  the 
floating  feculendes,  which  before  this  union  were  of  the  same  spedfic  gravitv  with 
the  bee^,  and  therefore  could  not  subside  alone ;  but  having  now  acquired  additional 
weight  by  the  coating  of  fish-glue,  predpitate  as  a  floccment  magma.  This  is  Mr. 
JadEson*s  explanation ;  to  which  we  might  add,  that  if  there  be  the  sB^htest  disengage- 
ment of  carbonic  add  gas,  it  will  kee|>  up  an  obscure  locomotion  in  the  partides, 
which  will  prevent  the  said  light  impurities,  either  alone  or  when  coated  with  isinglass, 
from  subsiding.  The  beer  is  then  properly  enough  called  stubborn  by  the  coopers. 
The  true  theory  probably  of  the  action  ca  isinglass  is,  that  the  tannin  of  the  hops  com- 
bines with  the  fluid  gelatine,  and  forms  a  flooculent  mass,  which  envdops  the  muddy 
putides  of  the  beer,  and  carries  them  to  the  bottom  as  it  falls,  and  forms  a  sediment. 
When,  after  the  flnings  are  poured  in,  no  proper  predpitate  ensues,  it  may  be  made  to' 
appear  by  the  addition  of  a  little  decoction  of  hop. 

Mr.  Bichardson,  the  author  of  the  well-known  brewer*s  saccharometer,  gives  the 
fbllowing  as  the  densities  of  different  kinds  of  beer : — 


Beer 

Pounds  per  Barrel 

Spedflo  Gravity 

Burton  ale,  1st  sort 

40  to  48 

Mil  to  M20 

2nd  „ 

3d  to  40 

097  to  1-111 

II           3rd   „ 

28  to  33 

077  to  1092 

Common  ale    . 

25  to  27 

070  to  1-073 

Ditto  ditto       . 

21 

058 

Porter,  common  sort 

18 

050 

„       double 

20 

055 

„       brown  stout 

23 

064 

„       best  brown  stout 

26 

072 

Common  small  beer 

«        • 

6 

014 

Good  table  beer       . 

• 

12  to  14 

1-033  to  1-089         1 
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It  may  be  romarked  that;  Mr.  Richardson  somewhat  underrates  the  giayity  of 
porter,  which  is  now  seldom  under  20  lbs.  per  barrel.  The  criterion  for  transferring^ 
from  the  g^le-tun  to  the  cleansing  butts  is  the  attenuation  caused  by  the  production 
of  alcohol  in  the  beer:  when  that  has  fallen  to  10  lbs.  or  11  lbs.,  which  it  usually  does 
in  48  hours,  the  cleansing  process  is  commenced.  The  heat  is  at  this  time  generally 
75^,  if  it  was  pitched  at  65° ;  for  the  heat  and  the  attenuation  go  hand  in  hand. 

About  forty  years  ago,  it  was  customary  for  the  London  brewers  of  porter  to  keep 
immense  stocks  of  their  beer  for  eighteen  months  or  two  years,  with  the  view  of  improving 
its  quality.  The  beer  was  pumped  from  the  cleansing  buttt;  into  store-rats  holding  from 
twenty  to  twenty-five  •  gyles '  or  brewings  of  several  hundred  barrels  each.  The  store- 
vats  had  commonly  a  capadty  of  6,000  or  6,000  barreLi ;  and  a  few  were  doable,  and 
one  was  treble,  this  size.  The  porter,  during  its  long  repose  in  these  yats,  became 
fine,  and  by  obscure  fermentation  its  saccharine  mucilage  was  nearly  aUconyerted  into 
vinous  liquor,  and  partly  dissipated  in  carbonic  add.  Its  hop-bitter  was  also  in  a  great 
degiee  decomposed.  Good  hard  beer  was  the  boast  of  the  day.  This  was  sometames 
softened  by  the  publican,  by  the  addition  of  some  mild  new-brewed  beer.  Of  late 
years,  the  taste  of  the  metropolis  has  undergone  such  a  complete  revolutioii  in  this 
respect,  that  nothing  but  the  mildest  porter  will  now  go  down.  Hence,  six  weeks  is 
a  long  period  for  beer  to  be  kept  in  London ;  and  much  of  it  is  drunk  when  only  a 
fortnight  old.  Ale  is  for  the  same  reason  come  greatly  into  vMpe;  and  the  two 
greatest  porter  houses,  Messrs.  Barclay,  Perkins,  and  Co.,  and  Truman,  Hanbury, 
and  Co.,  have  become  extensive  and  successful  brewers  of  mild  ale,  to  please  the 
changed  palate  of  tlioir  customers. 

We  shall  add  a  few  observations  upon  the  brewing  of  Scotch  ale.  This  beverage  is 
characterized  by  its  pale  amber  colour  and  its  mild  balsamic  fiavour.  Hie  bitterness 
of  the  ho^  is  so  mellowed  with  the  malt  as  not  to  predominate.  The  ale  of  Preston 
Pans  is,  in  fact,  the  best  substitute  for  wine  which  barley  has  hitherto  produced. 
The  low  temperature  at  which  the  Scotch  brewer  pitches  his  fermenting  tun  restricts 
his  labours  to  the  colder  months  of  the  year.  He  does  nothing  during  four  of  the 
summer  months.  He  is  extremely  nice  in  selecting  his  malt  and  hops ;  the  former 
being  made  from  the  best  English  barley,  and  the  latter  being  the  growth  of  Famham 
or  £^t  Kent  The  yeast  is  carefully  looked  after,  and  measured  into  ^e  fermenting 
tun  in  the  proportion  of  one  gallon  to  240  gallons  of  wort. 

Only  one  mash  is  made  by  the  Scotch  ale  brewer,  and  that  pretty  strong ;  but  the 
malt  is  exhausted  by  eight  or  ten  successive  sprinklings  of  liquor  (hot  water)  over 
the  goods  (malt),  whidi  are  termed,  in  the  vernacular  tongue,  sparges.  These 
waterings  percolate  through  the  malt  on  the  mash-tun  bottom,  and  extract  as  much 
of  the  saccharine  matter  as  may  bo  sufficient  for  the  brewing.  By  tliis  simple  method 
much  higher  specific  gravities  may  be  obtained  than  would  be  practicable  by  a  second 
mash.  With  malt,  the  infusion  or  saccharine  fermentation  of  the  diasUue  is  finished 
with  the  first  mash ;  and  nothing  remains  but  to  wash  away  from  the  goods  the  matter 
which  that  process  has  rendered  soluble.  It  will  be  found  on  trial  t^t  20  barrels  of 
wort  drawn  from  a  certain  quantity  of  malt,  by  two  successive  mashings,  will  not  be 
so  rich  in  fermentable  matter  as  20  barrels  extracted  by  ten  successive  sparges  of  two 
barrels  each.  The  grains  always  remain  soaked  with  wort  like  that  just  drawn  off, 
and  the  total  residual  quantity  is  three-fourths  of  a  barrel  for  every  quarter  of  malt. 
The  gravity  of  this  residual  wort  will  on  the  first  plan  be  equal  to  that  of  the  second 
mash ;  but,  on  the  second  plan,  it  will  be  equal  only  to  that  of  the  tenth  sparine,  and 
will  be  more  attenuated  in  a  very  high  geometrical  ratio.  The  only  serious  objection 
to  the  sparginj^  sptem  is  the  loss  of  time  by  the  successive  drainages.  A  mash-tun 
with  a  steam-jacket  promises  to  suit  the  sparging  system  well,  as  it  would  keep  up 
an  uniform  temperature  in  the  goods,  without  requiring  them  to  be  sparged  with  very 
hot  liquor. 

The  first  part  of  the  Scotch  process  seems  of  doubtful  economy;  for  the  mash 
liquor  is  heated  so  high  as  180°.  After  mashing  for  about  half  an  hour,  or  till  eveiy 
particle  of  the  malt  is  thoroughly  drenched,  the  tun  is  covered,  and  the  mixture  left 
to  incise  about  three  hours ;  it  is  then  drained  off  into  the  underback,  or  preferably 
into  the  wort-copper. 

After  this  wort  is  run  ofi^  a  quantity  of  liquor  (water),  at  180^  of  heat,  is  sprinkled 
unifbnnly  over  the  surfeuse  of  the  malt ;  being  first  dashed  on  a  perforated  circular 
board,  suspended  horizontally  over  the  mash-tun,  wherefrom  it  descends  like  a  shower 
upon  the  whole  of  the  goods.  The  percolating  wort  is  allowed  to  fiow  off  by  three  or 
more  small  stopcocks  round  the  circumference  of  the  mash-tun,  to  insure  the  equal 
diffiision  of  the  liquor. 

The  first  sparge  being  run  off  in  the  course  of  twenty  minutes,  another  similar  one 
is  afihsed ;  and  Uius  in  succession  till  the  whole  of  the  drainage,  when  mixed  witJi  the 
first  mash-wort,  constitutes  the  density  adapted  to  the  quality  of  the  ale.    Thus,  the 
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strong  worts  are  prepared,  and  the  malt  is  exhanstod  either  for  table  beer,  or  for 
a  reittm,  as  point^  out  above.  The  last  sparges  are  made  6°  or  6^  cooler  than  the 
first. 

The  quantity  of  hops  seldom  exceeds  foor  pounds  to  the  quarter  of  malt  The 
manner  of  boiling  the  'worts  is  the  same  as  that  above  described ;  but  the  conduct  of 
the  fermentation  is  ]^eculiar.  The  heat  is  pitched  at  60^  and  the  fermentation  con- 
tinues from  a  fortmght  to  three  weeks.  Were  three  brewings  made  in  the  week, 
seven  or  eight  working  tuns  would  thus  be  in  constant  action ;  and,  as  they  are  usually 
in  one  room,  and  some  of  them  at  an  elevation  of  temperature  of  15^,  the  apartment 
must  be  nropitious  to  fermentation,  however  low  its  heat  may  be  at  the  commence- 
ment.  No  more  yeast  is  used  than  is  indispensable :  if  a  little  more  be  needed,  it  is 
made  effective  by  rousing  up  Hie  tuns  twice  a  day  from  the  bottom. 

When  the  progress  of  the  attenuation  becomes  so  slack  as  not  to  exceed  half  a 
pound  in  the  day,  it  is  prudent  to  cleanse,  otherwise  the  top  barm  mi^ht  re-enter  the 
body  of  the  beer,  and  it  would  become  yeast-bitten.  When  the  ale  is  cleansed,  the 
head,  which  has  not  been  disturbed  for  some  dajs,  is  allowed  to  float  on  the  surface 
till  the  whole  of  the  thm^  pure  ale  is  drawn  off  into  the  casks.  This  top  is  regarded 
as  a  sufficient  preservative  against  the  contact  of  the  atmosphere.  The  Scotch  do  not 
skim  their  tuns,  as  the  London  ale  brewers  commonly  do.  The  Scotch  ale,  when  so 
eleansed,  does  not  require  to  be  set  upon  dose  stillions.  It  throws  off  little  or  no 
veast,  because  the  fermentation  was  nearly  finished  in  the  tun.  The  strength  of  the 
best  Scotch  ale  ranges  between  82  and  44  pounds  to  the  barrel ;  or  it  has  a  specific 
gravity  of  from  1*088  to  1*122,  according  to  the  price  at  which  it  is  sold.  In  a  good 
fermentation,  seldom  more  than  a  fourth  of  the  original  gravity  of  the  wort  remains 
at  the  period  of  the  cleansing.  Between  one-third  and  one-fourth  is  the  usual  degree 
of  attenuation.  Scotch  ale  soon  becomes  fine,  and  is  seldom  racked  for  the  home 
market  The  following  Table  will  show  the  progress  of  fermentation  in  a  brewing 
of  good  Scotch  ale : — 

20  barrels  of  mash-worts  of  42^  pounds  gravity  «  860*6 
20      „  returns  6^    „  „        -122 


12)982-C 

pounds  weight  of 

extract 

per  quarter  of  malt  -  81 

Fermentation : — 

IVTarch  24,  pitched  the  tun  at  bV* : 

yeast  4  gallons. 

u      26. 

52  degrees. 

Gravity. 
41  pounds. 

„       28. 

66 

»» 

89      „ 

„      30. 

60 

tt 

84      „ 

April      1. 

62 

SI 

32      „ 

,»        4. 

66 

, 

29  added  1  lb.  of  yeast 

„        5. 

66 

» 

26  pounds. 

.,        6. 

67 

n 

23      „ 

..        7. 

67 

* 

20      „ 

»        8. 

66 

f 

18      „ 

„        9. 

66 

M 

16           M 

H       10. 

64 

t 

14'5  cleansed.* 

Br.  Uro  was  employed  to  make  experiments  on  the  density  of  worts,  and  the 
'fermentative  changes  which  they  undergo,  for  the  information  of  a  Committee  of  the 
House  of  Commons,  which  sat  in  July  and  August,  1880:  the  following  is  a  short 
abstract  of  that  part  of  his  evidence  which  bears  u^n  the  present  subject : — 

'  Hy  first  object  was  to  clear  up  the  difficulties  wmch,  to  common  apprehension,  hung 
over  the  matter,  from  the  difference  in  the  scales  of  the  saccharometers  in  use  among 
the  brewers  and  ^stiUers  of  England  and  Scotland.  I  found  that  one  quarter  of  good 
malt  would  yield  to  the  porter  brewer  a  barrel  imperial  measure  of  wort,  at  the 
concentrated  specific  gravity  of  1*284.  Now,  if  the  aecimal  part  of  this  number  be 
multiplied  by  860,  being  the  number  of  pounds  weight  of  water  in  the  barrel,  the 
product  will  denote  the  excess,  in  pounds,  of  the  weight  of  a  barrel  of  such  concentrated 
wort  over  that  of  a  barrel  of  water,  and  that  product  is,  in  the  present  case,  84*24 
pounds. 

«Mr.  Hartineau,  jun.,  of  the  house  of  Messrs.  Whitbread  and  Company,  and  a 
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gentleman  connected  with  another  great  London  brewery,  had  the  IdndnoBS  to 
inform  me  that  their  average  product  m>m  a  quarter  of  malt  -was  a  barrel  of  84  lbs. 
gravity.  It  is  obvious,  therefore,  that  bj  taking  the  mean  operation  of  two  such  great 
establishments,  I  must  have  arrived  verv  nearly  at  the  truth. 

'  It  ought  to  be  remarked  that  such  a  high  density  of  wort  as  1*284  is  not  the  result 
of  any  direct  experiment  in  Uie  brewery,  for  infusion  of  malt  is  never  drawn  off  so 
strong ;  that  density  is  deduced  by  computation  from  the  quantity  and  quality  of 
several  successive  iiifusions ;  thus,  supposing  a  first  infusion  of  the  quarter  of  malt  to 
yield  a  barrel  of  specific  gravity  1*112,  a  second  to  yield  a  barrel  at  1*091,  and  a  third 
a  barrel  at  1*031,  we  shall  have  three  barrel*  at  the  mean  of  these  three  numbers,  or 
one  barrel  at  their  sum,  equal  to  1*284. 

'  I  may  here  observe  that  the  arithmetical  mean  or  sum  is  not  the  true  mean  or  sum 
of  the  two  specific  gravities ;  but  this  difference  is  either  not  known  or  disregarded  by 
the  l»ewers.  At  low  densities  this  difiEerenoe  is  inconsiderable,  but  at  high  densities 
it  woiUd  lead  to  serious  errors..  At  specific  gravity  1*281,  wort  or  ^rup  oontains 
one-half  of  its  weight  of  solid  pure  sacoharum,  and  at  1*1046  it  contains  one-fourth 
of  its  weight;  but  the  brewer's  rule,  when  here  applied,  gives  for  the  mean  specifio 

gravity  1*1155  «  Z         '     "^^  contents  in  solid  saccharine  matter  at  that 

2 . 

density  are,  however,  27 j^  per  cent,  showing  the  rule  to  be  2|  lbs.  wrong  in  excess  on 

100  lbs.,  or  9  lbs.  per  ba^l. 

*  The  specific  gravitv  of  the  solid  dry  extract  of  malt-wort  is  1*264 ;  it  was  taken  in 
oil  of  turpentine,  and  the  result  reduced  to  distilled  water  as  unity.  Its  specific 
volume  is  0*7911,  that  is,  10  lbs.  of  it  will  occupy  the  volume  of  7*011  lbs.  of  water. 
The  mean  specifio  gravity,  by  computation  of  a  solution  of  that  extract  in  its  own 
weight  of  water,  is  1*1166 ;  but,  by  experiment,  the  si>eGific  gravity  of  that  solution  is 
1*216,  showing  considerable  condensation  of  volume  in  the  act  of  combination  with 
water. 

*  The  following  Table  shows  the  relation  between  the  specific  gravities  of  solutions 
of  malt-extract  and  the  percentage  of  solid  extract  they  contain : — 


Extract  of  Halt 

Water 

Malt-EztnctinlOO 

Sagarin  100 

Spedflo  GraTity 

600         + 

600 

5000 

47*00 

1*2160 

600         + 

900 

400 

87*00 

11670 

600         + 

1.200 

38*8 

81*50 

1*1850 

600         + 

1,500 

28*57 

26*76 

1*1130 

600         + 

1,800 

2500 

24*00 

1*1000 

*  The  extract  of  malt  was  evapojteted  to  dryness,  at  a  temperature  of  about  250^  F., 
without  the  slightest  injury  to  its  quality  or  any  emp^umatic  smell.  Bate's  tables 
have  been  constaructed  on  solutions  of  sugar,  and  not  with  solutions  of  extract  of  malt, 
as  they  agree  sufficiently  well  with  the  former,  but  differ  materially  from  the  latter. 
Allen's  tables  give  the  account  of  a  certain  form  of  solid  saccharine  matter  extracted 
from  malt,  and  dried  at  176^  F.,  in  correspondence  to  the  specific  gravity  of  the 
solution ;  but  I  have  found  it  impossible  to  make  a  solid  extract  from  in^sions  of  malt, 
except  at  much  higher  temperatures  than  176^  F.  Indeed,  the  numbers  on  Allen's 
sac^narometer-scale  clearly  show  that  his  extract  was  by  no  means  dry :  thus,  at  1*100 
of  gravity  he  assigns  29*669  per  cent,  of  solid  saccharine  matter ;  whereas  there  is  at 
that  density  of  solid  extract  only  25  per  cent.  Again,  at  1*185,  Allen  gives  40  parts 
per  cent,  of  solid  extract,  whereas  there  are  only  88^  present' 

The  Table  (p.  319)  shows  the  origin  and  efifect  of  fermentation  in  the  reduction  of 
gravity,  in  a  number  of  practical  experiments. 

The  second  column  here  does  not  represent  the  solid  extract,  but  the  pasty  extract 
obtained  as  the  basis  of  Mr.  Allen's  saccharometer,  and  therefore  each  of  its  numbers 
is  somewhat  too  high.  The  last  column,  also,  must  be  in  some  measure  erroneous,  on 
account  of  the  quantity  of  alcohol  dissipated  during  the  process  of  fermentation. 
It  must  be  likewise  incorrect,  because  the  density  due  to  the  saccharine  matter  will  be 
partly  counteracted  by  the  eflfect  of  the  alcohol  present  in  the  fermented  liquor.  In 
fEu^t,  the  attenuation  ooes  not  correspond  to  the  strength  of  the  wort ;  being  greatest 
in  the  third  brewing  and  smallest  in  the  first  The  quantity  of  yeast  for  the  ale 
brewings  given  in  the  Table  was,  upon  an  average,  one  gallon  for  108  g^ons ;  but  it 
varied  wiu  its  quality,  and  with  the  state  of  the  weather,  which,  when  warm,  permita 
much  less  to  be  used  with  propriety. 

The  good  quality  of  the  malt,  and  the  right  management  of  the  mashing,  may  be 
tested  by  the  quantity  of  sapcharino  scatter  contaiDed  in  the  su^peisiTely  drawn  worts. 
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Orlffizua  OniTitj 
oltbe  Worts 

Ibt.  per  Barrel 

efSMobaiine 

Hatter 

Spociflo  Graxity 
of  the  Ale 

Ibg.  per  Barrel 

of  Saccharine 

Matter 

Attennation,  or 
Sooohamm  decom- 
posed 

1-0950 

88-75 

1-0500 

40-25 

0-478 

10918 

85-62 

1-0420 

88-42 

0-652' 

1-0829 

78126 

1-0205 

16-87 

0-787' 

1-0862 

80-625 

1-0236 

2000 

0-757 

1-0780 

73-75 

1-0280 

24-25 

0*698 

1-0700 

6500 

10285 

25-00 

0-616 

1-1002 

98-75 

1*0400 

36-25 

0-dlS 

1-1025 

95-98 

1-0420 

38-42 

0-600 

1-0978 

91-56 

1-0807 

2700 

0-705 

1-0956 

89-87 

1-0858 

32-19 

0-640 

11180 

105-82 

1*0852 

81-87 

0-661 

11092 

102-187 

1*0302 

26-75 

0-605 

11171 

11000 

1-0400 

36-25 

0*669 

1*1030 

96-40 

10271 

23-42 

0-757 

1-0660 

61-25 

1-0214 

17*80 

0-709 

With  thifl  Tieir,  an  aliquot  portioii  of  each  of  them  should  be  evaporated  by  a  safety- 
bath  heat  to  a  nearly  concrete  consistence,  and  then  mixed  with  twice  its  Tolume  of 
strong  spiiit  of  vine.  The  truly  saccharine  substance  Trill  be  dissolved,  -while  the 
starch  and  other  matters  will  be  separated ;  after  which  the  proportions  of  each  may 
be  determined  by  filtration  and  evaporation.  Or  an  equally  correct,  and  much  more 
expeditions,  method  of  arriving  at  the  same  result  would  be,  after  agitating  the  viscid 
extract  with  the  alcohol  in  a  tall  glass  cylinder,  to  allow  the  insoluble  fecula  to  subside, 
and  then  to  determine  the  spedfio  gravity  of  the  supmatant  liquid  by  a  hydrometer. 
The  additional  densi^  which  the  alcohol  has  acquired  will  inmcate  the  quantity  of 
malt-sugar  whidi  it  has  received.  The  following  Table,  constructed  by  Dr.  Ure,  at 
the  request  of  Henry  Warburton,  Esq.  H.P.,  chairman  of  the  Molasses  Committee 
of  the  House  of  Commons  in  1880,  will  show  the  brewer  the  principle  of  this  im- 
portant inquiry.  It  exhibits  the  quantity  in  grains'  weight  of  sugar  requisite  to  raise 
the  specific  gravity  of  a  gallon  of  spirit  of  difibrent  densities  to  the  gravity  of  water 
-1-000. 

SpeoUlo  Gsavitj  of  Grains'  Weight  oi  Sugar  In  the 

Splrtt.  Gallon  Imperial 

0-995  -980 

0-990  1-890 

0-985  2-800 

0-980  3-710 

0-975  4*690 

0*970  5*600 

0-965  6-650 

0-960  7*070 

0*955  8-400 

0-950  9-310 

The  immediate  purpose  of  this  Table  was  to  show  the  efieot  of  saccharine  matter  in 
^sguising  the  presence  or  amount  of  alcohol  in  the  weak  feints  of  the  distiller.  But 
»  similar  Table  might  easily  be  constructed,  in  which,  taking  a  uniform  quantity  of 
alcohol  of  0*825,  ibr  example,  the  quantity  of  sugar  in  any  wort-extract  would  be 
shown  by  the  increase  of  specific  gravity  which  the  alcohol  received  fiTom  agitation 
with  a  certain  weight  of  the  wort,  inspissated  to  a  nearly  solid  consistence  bya  safetjr- 
pan  made  on  the  prindple  of  Br.  Ure's  patent  suftar-pan.  (See  SnoAs).  Thus,  the 
normal  quantities  oeing  1,000  grains*  measure  of  alcohol,  and  100  grains  by  weight  of 
inspissated  mash-extract,  the  hydrometer  would  at  once  indicate,  by  help  of  the  Table, 
first,  the  quantity  per  cent,  of  truly  saccharine  matter,  and  next,  by  sootraction,  tliat 
of  iiirinaceous  matter  present  in  it. 

The  advance  of  the  arts  is  gradually  assuming  a  character  which  will  no  longer 
permit  any  manufacturer  to  ne^ect  the  assistance  of  science ;  and  those  who  first  t^e 
advantage  of  the  power  of  knowledge  will  assuredly  leave  their  fellow-labourers 
behind.  From  beinff  an  uncertain  and  hazardous  operation,  brewing  must  ere  long 
become  a  fixed  and  definite  prindple  based  upon  facts  well  understood,  and  capable 
of  perpetual  repetition  and  reproduction  at  will.  To  sum  up  briefly  the  general  details 
of  ale-brewing,  we  may  state,  that,  for  most  kinds  of  ale,  the  attenuation  in  the  first 
instance  shoud  be  finished  in  from  six  to  twenty-one  days,  according  to  the  strength 
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of  tlie  wort ;  that  this  attenuation  should  approach  to  two-thirda  of  the  "whole  weight ; 
and  that  after  tunning  and  cleansing,  the  ale  itself  should  weigh  about  one-fourth  of 
the  original  gravity  of  the  wort.  Thus,  if  the  fermenting  tun  be  set  with  wort  of  27  lbs., 
then  the  attenuation  should  bring  it  down  to  9  or  10  lbs.,  and  the  subsequent  operations 
produce  an  ale  weighing  from  6  to  7  lbs.  When  these  conditions  are  fuliillea,  without 
much  extra  trouble  or  attention,  the  ale  is  pretty  certain  to  turn  out  well,  though,  in 
some  localities,  ale  is  never  attenuated  to  more  than  one-half  its  original  gravity : 
this  kind  of  ale  is,  however,  very  apt  to  become  sour  in  hot  weather  and  ropy 
in  cold. 

Some  additional  remarks  on  the  brewing  of  porter,  which  differs  &om  that  of  ale  both 
in  the  nature  of  the  materials  used  and  in  the  mode  of  finishing  the  fermentation,  are 
required.  Porter  owes  its  peculiar  colour  and  flavour  to  burnt  saccharine  or  starchy 
matter ;  and  this  was  formerly  obtained  by  burning  sugar  until  it  exhaled  the  odour 
called  by  French  writers  caramel.  At  present,  however,  nothing  but  highly-torrefied 
malt  is  used ;  and  of  this  there  are  several  kinds,  as  brown  malt,  imperial  malt,  and 
black  malt ;  all  of  which  are  used  by  some  brewers,  whilst  others  employ  only  the 
brown  and  black,  and  a  few  the  black  alone,  for  giving  colour  and  flavour.  The 
fermentative  quality  or  saccharine  is,  however,  the  same  as  that  of  ale,  and  is  derived 
from  pale  or  amber  malt.  As  a  general  rule,  the  ratio  of  the  colouring  and  flavouring 
malts  are  to  the  saccharine  as  about  1  to  5  or  1  to  4 ;  but  where  bli^  malt  only  is 
iised,  the  proportion  does  not  exceed  1  to  10. 

The  employment  of  these  burnt  malts  permits  a  singular  act  of  ii\]ustice  on  the  part 
of  the  Excise,  as  regards  the  drawback  on  exportation.  By  the  Excise  regulations,  it 
is  assumed  that  a  quarter  of  malt  will  produce  four  barrels  of  ale  browed  firom  wort  of 
the  sp.  gr.  1*054,  or  19 '4  lbs.  per  barrel ;  but,  although  this  is  hopeless  even  with  pale 
malt,  yet  with  an  admixture  of  brown  and  black  malt  the  assumption  becomes  absurd 
in  the  extreme.  Admitting  that,  by  good  management,  on  the  average,  four  barrels 
of  wort,  weighing  20  lbs.,  can  be  obtained  from  one  (quarter  of  fine  pale  malt,  yet,  in 
the  operations  of  cooling,  fermenting,  tunning,  skimming,  and  cleansing,  a  loss  of  fully 
10  per  cent,  occurs  under  the  most  vigilant  superintendence ;  and,  t«&ng  the  great 
bulk  of  our  metropolitan  breweries,  it  would  be  nearer  the  truth  to  estimate  this  loss 
at  12  per  cent.  In  plain  words,  100  gallons  of  wort  will  not,  by  any  management, 
produce  more  than  about  88  gallons  of  saleable  beer,  though  no  allowance  is  i^e  for 
this  by  the  Excise ;  and  the  brewer  who  has  paid  duty  upon  100  gallons  gets  a  draw- 
back upon  but  88.  This,  however,  is  the  most  favourable  view  of  the  case ;  and  we 
solicit  attention  to  the  force  with  which  the  argument  returns  in  the  instance  of 
porter. 

If  a  quarter  of  pale  malt  be  assumed  at  84  lbs.  of  saccharine  strength,  then  such  an 
admixture  of  brown  and  black  malt  as  is  usually  employed  by  brewers  of  porter  will 
not  give  more  than  about  24  lbs. ;  and  as  this  constitutes  at  least  one-fifth  of  the  whole 
bulk  used  in  porter-brewing,  we  see  that  a  quarter  of  such  mixed  malt  can  never  give 
more  than  70  lbs. ;  that  is  to  say,  80  parts  of  pale  malt,  mixed  with  20  of  brown  and 
black,  instead  of  giving  at  the  rate  of  84  lbs.,  as  pale  malt  alone  does,  would  give  but 
70  lbs.,  or  produce  a  difference  between  the  actual  return  and  that  taken  for  granted 
by  the  Excise  authorities,  of  no  less  than  16*6  per  cent. ;  to  which,  if  we  add  Uie  loss 
previously  mentioned  as  arising  fix>m  fermentation,  yeast,  &a,  and  which  we  have 
called  12  per  cent.,  a  total  difference  ensnee  of  28*6  per  cent,  between  the  duty  paid 
by  the  brewer  and  the  drawback  allowed  by  Act  of  Parliament.  But  the  grievaoce 
does  not  stop  here ;  for  the  only  return  allowed  by  Act  of  Parliament  is  based  upon  the 
malt  duty,  and  nothing  whatever  is  said  of  the  duty  on  hops.  This,  however,  is  at 
the  rate  of  19«.  7d,  per  cwt. ;  and  since  hops  yield  only  about  86  per  cent,  of  their 
weight  of  soluble  matter,  it  would  require  168  lbs.  of  hops  to  produce  a  barrel  of  fluid 
or  wort  weighing  19*4  lbs.,  or  having  the  requisite  parliamentary  spedfio  gravity 
of  1*054.  Upon  this  barrel,  when  exported,  the  drawback  is  68. ;  but,  os  may 
easily  be  seen  on  calculation,  the  duty  paid  by  the  brewer  has  been  29«.  Zd.  In  fact, 
upon  every  168  lbs.  of  hops  consumed  by  the  export  brewer,  he  suffers  a  dead  loss  of 
24«.  Zd,  independently  of  the  waste  incidental  to  nis  various  processes.  These  things 
may  seem  startling ;  out  the  whole  Board  and  Staff  of  the  Excise  are  unable  to  prove 
that  thev  are  in  the  least  over-estimated.  At  the  same  time,  the  intelligent  reader  will 
gather  that  the  profits  of  brewing  are  not  bv  any  means  so  large  as  a  cursory  glance  at 
the  subject  might  appear  to  warrant.  No  doubt  the  brewing  business  is  at  times  very 
remunerative ;  but  a  continued  high  price  of  the  raw  materials  sometimes  proves  ruinous 
to  the  large  brewer,  as  it  must  not  be  foigotten  that  the  capital  required  is  large,  and 
invested  in  very  perishable  materials,  such  as  casks  and  other  wooden  utensils,  the 
wear  and  tear  upon  which  is  a  very  largo  item ;  nor,  again,  as  we  have  shown,  must  a 
speculator  begin  by  assuming,  with  the  Excise  authorities,  that  a  <|uarter  of  malt  will 
prodnoe  four  barrels  of  beerr  for  he  will  be  much  nearer  the  truth  if  he  estimates  his 
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nleable  produce  at  three  barrels.  As,  however,  it  forms  no  part  of  our  present  task 
to  enter  into  the  financial  statistics  of  brewing,  we  retam  to  the  object  more  imme- 
diately in  view,  merely  throwing  out*  en  passant,  the  above  hints  for  the  benefit  of 
those  whom  they  may  concern.  i 

If  the  analyses  of  malt  and  malt-wort  are  requisite  to  enable  the  brewer  to  perform 
his  operations  with  safety  and  success,  the  anal^s  of  beer  is  not  less  indispensable 
to  qualify  him  for  the  harassing^  labour  of  competition  with  his  neighbours,  and  for  the 
protection  of  his  interest  against  Excise  confiscation.  Although  beer  may  have  been 
brewed  of  the  requisite  gravity  for  justifyinc  a  drawback  on  exportation,  yet  this  is 
very  tea  indeed  from  ensuring  a  return  of  the  malt-duty,  even  to  the  limited  extent 
awarded  by  law.  The  question  is,  How  are  the  Excise  officials  to  know  the  real 
weight  of  the  wort  from  which  the  beer  was  brewed?  This  may  be  ascertained  by 
the  following  method,  which  shoald  take  the  place  of  the  present  indefinite  system : —  i 
Having  agitated  a  portion  of  the  ale  or  beer  so  as  to  dissipate  its  carbonic  add  gas, 
measure  out  exactly  8,600  grains'  measure  of  it,  and  pour  these  into  a  retort ;  uien 
distil  with  great  care  into  a  receiver  surrounded  by  ice-cold  water  about  one-third  of; 
the  whole  fluid,  or  rather  more  than  this  if  the  ale  or  beer  is  known  to  be  highly, 
alcoholic  Next  weigh  the  distilled  fluid,  and  then  ascertain  its  spedflo  gravity, 
from  whence,  hj  any  of  the  proper  tables  of  alcohol^  the  total  quantity  of  absolute 
alcohol  in  the  distilled  fluid  may  be  known.  This  alcohol  is  to  be  converted  by  cal- 
culation into  its  equivalent  of  sugar,  at  the  rate  of  171  parts  of  sugar  for  every  92  of* 
aloohol  found ;  after  which  the  sugar  must  be  bronght  into  poun£  per  barrel  by  the 
rule  before  given,  which  is  52^  lbs.  of  sugar  for  every  20  lbs.  of  gravity.  The  amount 
of  vinegar  is  next  to  be  determined  by  any  of  the  known  forms  of  addimetry.  (See 
AdDimrBT.)  This  vinegar,  or  acetic  add,  must,  like  the  alcohol,  be  also  converted 
into  its  representative  of  sugar,  by  assigning  171  of  sugar  to  every  102  of  anhydrous 
acetic  add  present  in  the  beer,  this  sugar  being,  as  before,  converted  into  pounds  per 
barrel.  To  the  beer  remaining  in  the  retort,  suffident  distilled  water  is  then  to  be 
added,  that  the  entire  bulk  of  fluid  may  once  more  be  equal  to  8,600  grains'  measure ; 
and  the  temperature  of  the  mixture  having  fSedlen  to  60°  F.,  its  spedfic  gravity  must 
be  determined  in  the  usual  way,  and  this  reduced  to  pounds  per  barrel,  by  multiplying 
the  excess  above  1,000  by  860,  and  dividing  the  product  by  1,000.  Hie  whole  of  these 
weights,  added  together,  gives  the  original  weight  of  the  wort  Thus,  for  example, 
we  will  suppose  that  3,600  grains  of  a  particular  beer  have  given  1,800  grains  of  a 
dilute  alcohol,  of  spedfic  gravity  0*9781,  and  consequentiy  containing  about  17i  per 
cent,  by  weight  of  alcohol;  again,  that  the  same  quantity  of  beer,  when  tested  by 
ammonia,  has  indicated  80  grains  of  acetic  add ;  and  lastiy,  that  the  spent  wash,  when 
filled  up  with  distilled  water  to  its  primary  bulk,  has,  at  60^,  a  spedflo  gravity  of 
1*016  ;  then  the  total  alcohol  would  be  in  860  grains,  or  the  representative  of  a  barrel, 
22f  grains,  and  the  acetic  add  in  the  same  quantity,  8  grains :  hence  we  have  the 
following  results : — 

Grs.  of  sugar.       Btewers*  lbs. 
Alcohol,  22}  grains,  equal  to .        .        .      42*2       or      16. 
Acetic  add,  8  grains      ....        6'  „        1*9 

Spent  wash,  of  speciflc  gravity  1*016      •        ...         »»   '    6*76 

Total  weight  •       •    28'66 

It  might  be  thought  that  the  proper  kind  of  sugar  to  select  in  this  instance  as  the 
representative  of  alcohol  and  acetic  acid  should  be  grape-sugar,  whose  atomic  weight 
is  180 ;  but  it  has  been  shown  by  Dr.  Ure  that  the  kind  of  sugar  actually  employed 
in  the  construction  of  our  saccharometer  tables  must  have  been  cane-sugar,  the 
atom  of  which  is  171 ;  and  hence  the  reason  why  it  must  be  employed  in  this  oal« 
culation. 

Ais,  Pale  or  Bitter ;  brewed  ch^fly  for  the  Indian  market  and  for  other  tropical 
countries, — ^It  is  a  light  beverage,  with  much  aroma,  and,  in  consequence  of  the  regula- 
tions regarding  the  malt-dut^,  is  commonly  brewed  from  a  wort  of  spedflc  ^vity 
1055  or  upwards;  for  no  drawback  is  allowed  by  the  Exdse  on  the  exj^ortation  ot 
beer  brewed  from  worts  of  a  lower  gravity  than  1*064.  This  impolitic  interference 
with  the  operations  of  trade  compels  the  manufacturer  of  bitter  beer  to  employ  wort 
of  a  much  greater  density  than  he  otherwise  would  do ;  for  beer  made  from  wort  of 
the  specific  gravity  1*042  is  not  only  better  calculated  to  resist  secondary  fermentatioD 
and  the  other  ef^ts  of  a  hot  climate,  but  is  also  more  pleasant  and  salubrious  to  the 
consumer.  Under  present  drcumstances  the  law  expects  the  brewer  of  bitter  beer  to 
obtain  four  barrels  of  marketable  beer  from  every  quarter  of  malt  he  uses,  which  is 
just  barely  possible  when  the  best  malt  of  a  good  barley  year  ia  employed.    With 
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eveiy  quarter  of  such  malt  16  lbs.  of  the  best  hops  are  used;  so  that,  if  we  asstund 
the  cost  of  malt  at  60«.  per  quarter,  and  the  best  hope  at  2s,  per  lb.,  vre  shall  haye,  for 
the  prime  cost  of  each  barrel  of  bitter  beer— in  malt,  15«. ;  in  hops,  8«. ;  together,  28«. ; 
irom  which,  on  ei^rtation,  we  must  deduct  the  drawbadc  of  6«.  per  barrel  allowed 
by  the  Excise,  which  brings  the  prime  cost  down  to  18«.  per  barrel,  ezdnsire  of  the 
expense  of  manufacture,  wear  and  tear  of  apparatus,  capital  inyested  in  barrels, 
cooperage,  &c,  which  constitute  altogether  a  very  formidable  outlay.  As,  howerer, 
this  ale  is  sold  as  high  as  from  60s,  to  66s,  por  barrel,  there  can  be  no  doubt  that  the 
bitter-ale  trade  has  long  been,  and  still  continues,  an  exceedingly  profitable  specula- 
tion, though  somewhat  hazardous,  from  the  liability  of  the  article  to  undergo  decom- 
position ere  it  finds  a  market. 

The  East  Indian  pale  ale,  or  bitter  beer,  is  now  brewed  in  large  quantities  for  the 
home  market  at  Burton-on-Trent,  London,  Glasgow,  and  Leeds,  but  differs  slightly 
from  that  exported,  as  being  less  bitter  and  more  spirituous.  It  is  brewed  solely  from 
the  best  and  palest  malts  and  the  finest  and  most  delicate  hop,  and  much  of  its  success 
depends  on  the  care  taken  in  selecting  the  best  materials  for  its  composition.  It  also 
requires  the  utmost  care  and  attention  at  evwy  stage  of  its  progress  to  presezre  the 
colour,  taste,  and  other  properties  of  this  sde  in  their  fulness  and  purity. 

For  further  description  of  the  brewhouse  and  its  appliances,  witn  the  rarious  modes 
of  operations,  see  the  article  Bbbwino. 

Tne  English  ale-drinkers  were  a  few  years  since  startled  by  a  public  report,  apparently 
well  authenticated,  that  the  French  chemists  were  largely  engaged  in  preparing  immense 
quantities  of  that  most  deadly  poison  strychnine  for  the  purpose  of  drugging  the  jpale 
bitter  ale,  in  such  great  rogue  at  present  m  Gh^eat  Britain  and  its  colonies.  The  follow- 
ing  are  a  few  amongst  many  reasons  which  might  be  quoted,  to  show  the  absurdity  of 
Uiis  report: — 1.  Strychnine  is  an  exceedingly  costly  article.  2.  It  has  a  most  un- 
pleasant metallic  bitter  taste.  8.  It  is  a  notorious  poison,  and  its  use  in  any  brewery 
being  known  would  ruin  the  reputation  of  the  brewer.  4.  It  cannot  be  introduced  . 
into  ordinary  beer  brewed  with  nops,  because  it  is  entirely  precipitated  by  infusions 
of  that  wholesome  and  fragrant  herb.  In  fact,  the  queratannic  add  of  hops  is  in- 
oompatible  with  strychnia  and  all  its  kindred  alkaldds.  Hence  hopped  beer  becomes 
in  this  respect  a  sanitary  beyerage,  refusing  to  take  up  a  particle  of  stijchnia  and 
other  noxious  drugs  of  like  character.  Were  the  nttx  vomioa  powder,  nom  which 
strychnia  is  extradied,  even  stealthily  thrown  into  the  mash-tun,  its  dangerous  ^n- 
ciple  would  be  all  infEtllibly  thrown  down  with  the  grounds  in  the  subsequent  boiling 
with  the  hops. 

The  yarieties  of  beer  depend  either  upon  the  difference  of  their  materials,  or  upon 
a  different  management  of  the  brewing  processes.  With  regard  to  tiie  materials,  beers 
differ  in  the  proportion  of  their  malt,  hops,  and  water,  and  in  the  different  kinds  of 
malt  or  other  grain.  To  the  dass  of  *  table '  or  *  smaU  beers,*  all  those  sorts  may  be 
referred  whose  spedfic  gravity  does  not  exceed  1*026,  whidi  contain  about  6  per 
cent,  of  malt  extract,  or  nearly  18  lbs.  per  barrel.  Beers  of  middling  strength  may 
be  reckoned  those  between  the  densi^  of  1*025  and  1*040,  whidi  contain,  at  the 
average,  7  per  cent,  or  25  lbs.  per  barrel.  .Hie  ^tter  may  be  made  with  400  quarters 
of  malt  to  1,500  burrels  of  beer:  stronger  beers  have  a  spedfie  gravity  of  from 
1*050  to  1*080,  and  take  from  450*  to  750  quarters  of  malt  to  the  same  quantity  of  beer. 
The  strongest  beer  found  in  the  market  is  some  of  the  English  and  Scotch  ales,  for 
which  from  18  to  27  quarters  of  malt  are  taken  for  1,500  gallons  of  beer :  good 
porter  requires  from  16  to  18  (quarters  for  that  quantity.  Beers  are  sometimes  made 
with  the  addition  of  other  farinaceous  matter  to  the  malt ;  but  when  the  latter  con- 
stitutes the  main  portion  of  the  grain,  the  maltinff  of  the  other  kinds  of  com  beoomet 
unnecessary,  for  the  diastase  of  the  barley-malt  dianges  the  starch  into  stigar  during 
the  mashing  operation.  Even  with  entirely  raw  grain,  beer  is  made  in  some  parts  of 
the  Ckmtinent,  the  brewers  trusting  the  conversion  of  the  starch  into  sugar  to  the 
action  of  the  gluten  alone,  at  a  low  mashing  temperature,  on  the  prindple  of 
Saussure's  and  KrchofTs  researches. 

The  colour  of  the  beer  depends  upon  the  colour  of  the  malt  and  the  duration  of  the 
boil  in  the  copper.  The  pale  ale  is  made,  as  we  have  stated,  from  steam-  or  sun-dried 
malt  and  the  young  shoots  of  the  hop ;  the  deep  yellow  ale  from  a  mixture  of  pale- 
yellow  and  brown  malt ;  and  the  dark-brown  beer  from  well-kilned  and  partly  car- 
bonised malt,  mixed  with  a  good  deal  of  tJie  pale  to  give  body.  The  longer  and 
more  strongly  heated  the  malt  has  been  in  the  kiln,  the  less  weight  of  extract,  o^teru 
paribus,  does  it  aSbrd.  In  making  the  fine  mild  ales,  high  temperatures  ought  to  be 
avoided,  and  the  yeast  ought  to  be  skimmed  off,  or  allo'v^  to  flow  very  readilv  from 
its  top,  by  means  of  the  deansing-butt  system,  so  that  little  ferment  being  left  in  it  to 
decompose  the  rest  of  the  su^r,  the  sweetness  may  remain  ummpaired.  With  re|;ard 
to  porter,  in  certain  brewenes  each  of  the  three  kinds  of  malt  employed  for  it  la 
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M^nmtdy  maslied,  aftdr  which  the  first  and  the  half  of  the  second  wort  is  boiled  along 
with  the  whole  of  the  hops,  and  thence  cooled,  and  set  to  ferment  in  the  gyle-tnn^ 
The  third-drawn  wort,  with  the  remaining  half  of  the  second,  is  then  boiled  with 
the  same  hope,  sayed  by  the  drainer,  and,  after  cooling,  added  to  the  former  in  the 
gyle-tnn,  when  the  two  mnst  be  well  roused  together. 

It  Is  obyious  from  the  preceding  development  of  principles,  that  all  amylaceous  and 
saccharine  materials,  such  as  potatoes,  beans,  tnrmps,  as  well  as  cane-  and  starch- 
synip,  molasses,  &c  may  be  used  in  brewing  beer.  When,  however,  a  superior 
quabty  of  brown  beer  is  desired,  malted  barley  is  indispensable,  and  even  with  these 
substitates  a  mixture  of  it  is  most  advantageous.  The  washed  roots  of  the  common 
carrot,  of  the  red  and  yellow  beet,  or  of  the  potato,  must  be  first  boiled  in  water,  and 
then  mashed  into  a  pulp.  This  pulp  must  be  mixed  with  water  in  the  copper  along 
with  wheaten-  or  oat-meal  and  the  proper  quantity  of  hops,  then  boiled  during  eight  or 
nine  hours.  This  wort  is  to  be  cooled  in  Uie  usual  way,  and  fermented  with  the  addi- 
tion of  yeast.  A  much  better  process  is  that  now  practised  on  a  considerable  scale 
at  Strasbourg,  in  making  the  ale  for  which  that  dty  is  celebrated.  The  mashed 
potatoes  are  mixed  with  from  a  twentieth  to  a  tenth  of  their  weight  of  finely-ground 
barley-malt  and  some  water.  The  mixture  is  exposed  in  a  water-bath  to  a  heat  of 
160^  F.  for  four  hours,  whereby  it  passes  into  a  saccharine  state,  and  may  then  be 
boiled  with  hops,  cooled,  and  propeny  fermented  into  good  beer. 

Maize,  or  Indian  com,  has  also  been  employed  to  make  beer ;  but  its  malting  is 
somewhat  difficult,  on  account  of  the  rapidity  and  vigour  with  which  its  radicles  and 
plumula  sprout  forth.  The  proper  mode  of  causing  it  to  germinate  is  to  cover  it  a 
few  inches  deep  with  common  soil,  in  a  garden  or  field,  and  to  leave  it  there  till  the 
bed  is  covered  with  green  shoots  of  the  plant.  The  com  must  be  then  lifted,  washed, 
and  exposed  to  the  kiln. 

The  jEk)ard  of  Excise,  or  Inland  Bevenue,  having,  a  few  years  ago,  been  permitted 
by  the  Le^slature  to  grant  leave  to  use  sugar  in  the  place  of  barley-malt  in  breweries, 
an  extensive  sugar-merchant  in  London,  hoping,  under  this  boon,  to  acquire  a  new 
and  wealthy  class  of  customers,  employed  Dr.  tire  to  ascertain  by  experiment  the 
relative  values  of  malt  and  sugar  for  the  manu&ctijre  of  beer.  Ten  samples  of 
Muscovado  sugar,  of  several  qualities,  'were  examined,  and  were  found  to  vary 
very  slightly  in  the  proportions  of  alcohol  they  could  furnish  by  fermentation  in  a 
brewer's  tun,  the  average  being  12  gallons  of  proof  spirit  for  112  lbs.  of  the 
sugar ;  whereas  an  equal  quantity  of  proof  spirit  could  be  obtained  from  4^  bushels 
of  malt.  One  lound  of  malt  yields  ^  lb.  of  extract  capable  of  making  as  mudi 
beer  as  that  weight  of  sugar.  On  comparing  the  actual  price  of  sugar  and  malt, 
we  shall  see  how  ruinous  a  business  it  would  be  to  use  sugar  instead  of  malt  in 
a  brewery,  and  hence  the  delusiveness  of  the  Excise  generosity  towards  the  beer 
trade. 

Although  the  obiect  of  the  brewer  is  not  the  formation  of  a  mere  saccharine  wort, 
.as  we  have  already  shown  (and  malt  contains  other  substances  necessary  to  the 
formation  of  a  sound  beer),  the  amount  of  proof  spirit  producible  fixmi  various  sub- 
stances will  be  some  index  to  their  relative  value  and  it  has  been  fbund  that,  with 
proper  management,  a  quarter  of  good  malt,  weighing  42  lbs.  per  biishel,  or  336  lbs. 
per  quarter,  will  yield  18  gallons  of  proof  spirit ;  a  quarter  of  barley,  weighing  55  lbs. 
per  bushel,  or  440  lbs.  per  quarter,  will  yield  from  18  to  20  gallons.  An  equal  quan- 
tity of  spirit,  say  18  gallons  at  proof,  can  be  obtained  from  175  lbs.  of  best  West 
India  sugar;  from  234  lbs.  of  inferior  Jamaica  raw  sugar;  from  275  lbs.  of  West 
India  molanes ;  or  from  295  lbs.  of  refined  or  sugar-house  molasses.  Bauerstock 
gave  the  average  of  sugar  200  lbs.,  and  of  honey  226  lbs.,  as  equivalent  to  a  quarter 
ofmalU 

Bopiness  is  a  morbid  state  of  beer,  which  is  best  remedied,  according  to  Mr.  Black, 
by  putting  the  beer  into  a  vat  with  a  false  bottom,  and  adding,  per  barrel,  4  or  5 
pounds  of  hops,  taken  away  after  the  first  boilings  of  the  worts ;  and  to  them  may  be 
added  about  half  a  pound  per  barrel  of  mustard-seed.  Bouse  the  beer  as  the  hops  are 
gradually  introduced,  and,  in  some  months,  the  ropiness  will  be  p^ectiy  cured.  The 
beer  should  be  drawn  off  from  below  the  fidqe  bottom. 

For  theoretical  views,  see  Fbbicbntation  ;  and  for  wort-cooling  apparatus,  see 

RlfJUUUtATOB* 

Bant,  BA'^AmtAir,  (Saierisches  Bier,  Ger.)  The  Germans  from  time  imme* 
morial  have  been  habitually  beer-drinkers,  and  have  exercised  much  of  their  tedinical 
and  scientific  skill  in  the  production  of  beer  of  many  different  kinds,  some  of  which 
are  littie  known  to  our  nation,  while  one  at  least,  called  Bavarian,  possesses  excel- 
lent qualities,  entitling  it  to  the  attention  of  all  brewers  and  consumers  of  this  beverage. 
The  peculiarities  in  the  manufacture  of  Bavarian  beer  some  time  ago  attracted  Uie 
Attention  of  the  most  eminent  chemists  in  Germany,  especially  of  the  late  Professov 
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liebi^,  and  much  new  light  was  thereby  thrown  upon  this  curious  portion  of  Tegrtable 
chemistry. 
The  following  is  a  list  of  the  prindpal  beers  brewed  in  Germany : — 

1.  Brown  beer  of  Herseburg ;  of  pure  barley  malt 

Z  „  „  M         and  beet-root  sugar. 

8.  „  barley  malt,  potatoes,  and  beet-root  syrup. 

4.  „  refined  beet-root  syrup  alone. 

5.  Oorent  or  thin  beer. 

6.  Berlin  white  beer,  or  the  champagne  of  the  north. 

7.  Broyhan,  a  &mou8  Hanoverian  beer. 

8.  Double  beer  of  Grunthal. 

9.  Bayarian  beer:  1,  Summer  beer ;  2.  Winter  beer. 

10.  „       Bock  beer. 

11.  Wheat  LagerAywr  (slowly  fermented). 

12.  White  bitter  beer  of  Erlangen. 

Considerable  interest  among  men  of  science,  in  &your  of  the  Bavarian  beer  process, 
has  been  excited  ever  since  the  appearance  of  '  Liebig^s  Organic  Chemist^.'  In  the 
introduction  to  this  admirable  work,  he  says,  <  The  beers  ofEngland  and  IFrance,  and 
for  the  most  part  those  of  Germany,  become  gradually  sour  by  contact  of  air.  This 
defect  does  not  belong  to  the  beers  (^  Bavaria,  which  may  be  preserved  at  pleasure  in 
half-full  casks,  as  well  as  fall  ones,  without  alteration  in  the  air.  This  precious 
qualitjr  must  be  ascribed  to  a  peculiar  process  employed  for  fermenting  the  wort, 
aJled  in  German  Untergahrun§,  or  fermentation  from  Mow ;  which  has  sdved  one  of 
the  finest  theoretical  problems. 

'  Wort  is  proportionally  richer  in  soluble  gluten  than  in  sugar.  When  it  is  set  to 
ferment  by  the  (ndinarv  process,  it  evolves  a  large  quantity  <?  yeast,  in  the  state  of 
a  thick  froth,  with  bubbles  of  carbonic  add  ^  attached  to  it»  whereby  it  is  fioatedto 
the  sur£use  of  the  liquid.  The  phenomenon  is  easily  explained.  In  the  body  of  the 
wort,  alongside  of-^partides  of  sugar  decomposing,  there  are  partides  of  gluten  being 
oxidised  at  the  same  time,  and  enveloping,  as  it  were,  tiie  former  partides,  whence 
the  carbonic  add  of  the  sugar  and  theins^uble  ferment  from  the  gluten  being  simul- 
taneously produced,  should  mutually  adhere.  When  the  metamorphosis  of  the  sugar 
is  completed,  there  remains  still  a  large  quantity  of  gluten  dissolved  in  the  fermented 
liquor,  which  gluten,  in  virtue  of  its  tendency  to  appropriate  oxygen,  and  to  get 
decomposed,  induces  also  the  transformatiou  of  the  alconol  into  acetic  add  (vinegar). 
But  were  all  the  matters  susceptible  of  oxidisement  as  well  as  this  vinegar  ferment 
removed,  the  beer  would  thereby  lose  its  faculty  of  becoming  sour.  These  conditions 
are  duly  folfilled  in  the  process  followed  in  Bavaria. 

*In  that  country  the  malt-wort  is  set  to  ferment  in  open  badn,  with  an  extendve 
surface,  and  placed  in  cool  cellars,  having  an  atmospheric  temperature  not  exceeding 
8®  or  10^  C.  (46j°or  60<=»  F.)  The  operation  lasts  from  three  to  four  weeks;  the  car- 
bonic add  is  disengaged ;  not  in  large  bubbles  that  burst  on  the  sur&ce  of  the  liquid, 
but  in  very  small  vesides,  like  those  of  a  mineral  water,  or  of  a  liquor  saturated 
with  carbonic  add,  when  the  pressure  is  removed.  The  sur£EU»  of  the  fermentinff 
wort  is  always  in  contact  with  the  oxygen  of  the  atmosphere,  as  it  is  hardly  covered 
with  froth,  and  as  all  the  yeast  is  deposited  at  the  bottom  of  the  bade,  under  the  form 
of  a  very  visdd  sediment,  called  in  German  Uwterh^e, 

*  In  order  to  form  an  exact  idea  of  the  di£^nce  between  the  processes  of  fer- 
mentation, it  must  be  borne  in  mind  that  the  metamorphosis  of  gluten,  and  of  azotised 
bodies  in  general,  is  accomplished  successively  in  two  prindpal  periods,  and  that  it  is 
in  the  first  that  the  gluten  is  transformed  in  the  interior  of  the  liquid  into  an  insoluble 
ferment,  and  that  it  separates  alongside  of  the  carbonic  add  proceeding  from  the 
sugar.  This  separation  is  the  consequence  of  an  absorption  of  oxygen.  It  is,  how- 
ever, hardly  possible  to  dedde  if  this  oxygen  comes  from  the  sugar,  from  the  water, 
or  even  from  an  intestine  change  of  the  gluten  itself;  or,  in  other  words,  whether  the 
oxygen  combines  directly  with  the  gluten,  to  give  it  a  higher  degree  of  oxidation,  or 
whether  it  lays  hold  of  its  hydrogen  to  Ibrm  water. 

'  'HnB  oxidation  of  the  gluten,  from  whichever  cause,  and  the  transformataon  of  the 
sugar  into  carbonic  add  and  alcohol,  are  two  actions  so  correlated,  that  by  an  exdu- 
sion  of  the  one,  the  other  is  immediately  stopped,' 

The  superficial  ferment  (Oberhefe  in  G^erman)  whidi  covers  the  surfiice  of  the  fer- 
menting worics,  is  gluten  oxidised  in  a  state  of  putrefSEi^on ;  and  the  ferment  of  de^ 
posit  is  the  gluten  oxidised  in  a  state  of  eremacausis,  or  slow  combustion. 

The  surface  yeast,  or  barm,  exdtes  in  liquids  containing  sugar  and  gluten  the 
same  alteration  which  itself  is  underp^oing,  vmereby  the  sugar  and  the  gluten  sufibr 
•  rapid  and  tumultuous  metamorphosis.    We  may  form  an  exact  idea  of  the  different 
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BtatM  of  these  two  kinds  of  yeast  by  comparinff  the  superficial  to  regetable  mattera 
patrefying  at  the  bottom  of  a  xnarab,  and  the  bottom  yeast  to  the  rotting  of  wood 
in  a  state  of  eremacantsU,  The  peculiar  condition  of  the  elements  of  the  sediment 
fannent  causes  them  to  act  upon  the  elements  of  the  sugar  in  an  extremely  slow 
manner,  and  ezdtes  the  change  into  alcohol  and  carbonic  acid»  without  affecting  the 
dissolved  gluten. 

If  to  wort  at  a  temperature  of  from  46^^  to  60°  "F,  the  top  yeast  be  added,  a  quiet 
slow  fermentation  is  produced^  but  one  accompanied  with  a  rising-up  of  the  mass, 
while  yeast  collects  both  at  the  surfSace  and  bottom  of  the  backs.  If  this  deposit  be 
removed  to  make  use  of  it  in  other  operations,  it  acquires  by  little  and  little  the  cha- 
racters of  the  Unterhefef  and  becomes  incapable  of  exciting  the  phenomena  of  the  first 
fermenting  period,  causing  only,  at  59°  F.,  those  of  the  second,  namely,  sedimentary 
fBrmentation.  It  must  be  caxMULy  observed  that  the  right  Unterhefe  is  not  the  pre- 
cipitate which  &lls  to  the  bottom  of  backs  in  the  ordinary  fermentation  of  beer,  but 
is  a  matter  entirely  different.  Peculiar  pains  nmst  be  taken  to  get  it  genuine,  and  in 
a  proper  condition  at  the  commencement.  Hence  the  brewers  of  Hesse  and  Prussia, 
who  wished  to  make  Bavarian  beer,  found  it  more  to  their  interest  to  send  for  the 
article  to  Wurzburg,  or  Bamberg,  in  Bavaria,  than  to  prepare  it  themselves.  When 
once  the  due  primarv  fermentation  has  been  establish^  and  well  regulated  in  a 
brewery,  abundance  of  the  true  Unterhefe  may  be  obtained  for  all  future  operations. 

In  a  wort  made  to  ferment  at  a  low  temperature  with  deposit  only,  the  presence  of 
the  Unterhefe  is  the  first  condition  essential  to  the  metamorphosis  of  the  eaccharum, 
but  it  is  not  o(mipetent  to  bring  about  the  oxidation  of  the  gluten  dissolved  in  the 
wort,  and  its  transformation  into  an  insoluble  state*  This  diange  must  >be  accom- 
plished at  the  cost  of  the  atmospherical  oxygen. 

In  the  tendency  of  soluble  gluten  to  absorb  oxygen,  and  in  the  free, access  of.  the 
air,  all  the  conditions  necessary  for  its  eremacatisis  are  to  be  found.  It  is  known  that 
the  presence  of  oxygen  and  soluble  gluten  are  also  the  conditions  of  acetification 
(vinegar-making),  but  they  are  not  the  only  ones ;  for  this  process  requires  a  tem- 
perature of  a  certain  elevation  for  the  alcohol  to  experience  this  slow  combustion. 
Hence  by  excluding  that  temperature,  the  combustion  (oxidation)  of  alcohol  is  ob- 
structed, while  the  gluten  alone  combines  with  the  oxygen  of  the  air.  This  property 
does  not  belong  to  ^cohol  at  a  low  temperature,  so  that  during  the  oxidation  in  this 
case  of  the  gluten,  the  alcohol  exists  alongside  of  it,  in  the  same  condition  as  the  gluten 
alongside  of  sulphurous  acid  in  the  muted -mnea.  In  wines  not  impregnated  wi3i  the 
fumes  of  burning  sulphur,  the  oxygen  which  would  have  combined  at  the  same  time 
with  the  |;luten  and  the  alcohol  does  not  seise  either  of  them  in  wines  which  have 
been  subjected  to  muiiam,  but  it  unites  itself  to  the  sulphurous  add  to  convert  it  into 
the  sulpnuric  The  action  called  aedimentarv  fermentation  is  therefore  merely  a 
simultaneous  metamorphosis  of  putrefaction  and  slow  combustion ;  the  sugar  and  the 
Unterhefe  putrefy,  and  the  soluble  gluten  gets  oxidised,  not  at  the  expense  of  the 
oxygen  of  the  water  and  the  sugar,  but  of  the  oxygen  of  the  air,  and  the  gluten  then 
falls  in  the  insoluble  state.  The  process  of  A^pert  for  the  preservation  of  provisions  is 
founded  upon  the  same  principle  as  the  Bavarian  process  of  fermentation,  m  which  all 
the  putresdble  matters  are  separated  by  the  intervention  of  the  air  at  a  temperature 
too  low  for  the  alcohol  to  become. oxidised.  By  removing  them  in  this  way,  the 
tendency  of  the  beer  to  grow  sour,  or  to  sun^r  a  further  change,  is^  prevented. 
Appert's  method  consists  in  placing,  in  presence  of  vegetables  or  meat  which  we  wish 
to  preserve,  the  oxygen  at  a  nigh  temperature,  so  as  to  produce  slow  combustion,  but 
without  putre&ction  or  even  fermentation.  By  removing  the  residuary  or^n  after 
the  combustion  is  finished,  all  the  causes  of  an  ulterior  <^n^  are  removed!.  In  the 
sedimentary  fermentation  of  beer,  we  remove  the  matter  which  experiences  the  com- 
bustion; whereas,  on  Uie  contrary,  in  the  method  of  Appert,  we  remove  that  which 
produces  iU  « 

The  temperature  at  which  fermentation  is  carried  on  has  a  Tery  marked  influence 
upon  the  quantity  of  alcohol  produced.  It  is  known  that  the  juice  of  beets  set  to 
ferment  between  86^  and  95^  F.,  does  not  yield  alcohol,  and  its  sugar  is  replaced  by  a 
less  oxygenated  substance,  vnatMitef  and  lactic  acid,  resulting  from  the  mucilage.  In 
proportion  as  the  temperature  is  lowered  the  mannite  fermentation  diminishes.  Aa 
to  azotised  juices,  however,  it  is  hardly  possible  to  define  the  conditions  under  which 
the  tramrfbrmation  of  the  sugar  will  take  place,  without  being  accompanied  with 
another  decomposition  which  modifies  its  products.  The  fermentation  of  beer  by 
deposit  denumstrates  that  by  the  simultaneous  action  of  the  oxygen  of  the  air  and 
a  low  temperature,  the  metamorphosis  of  sugar  is  efibcted  in  a  complete  manner ; 
for  the  vessels  in  which  the  operation  is  carried  on  are  so  disposed  that  the  oxygen 
of  the  air  may  act  upon  a  surface  great  enough  to  transform  all  the  gluten  into 
ioadluble  yeasty  and  thus  to  present  to  the  sugar  a  matter  constantly  undergoing  de- 
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oom^osition.  The  ozidisement  of  the  dissolved  gluten  goes  on,  but  1^  of  the  alcohol 
requires  a  higher  temperature,  whence  it  cannot  suffer  aoetification,  or  conyersion  into 
vinegar. 

In  several  States  of  Germany  the  favourable  influence  of  a  rational  process  of 
fermentation  upon  the  quality  of  the  beers  has  been  fully  recognised.  In  the 
Grand  Buchy  of  Hesse  considerable  ^miums  were  proposed  for  the  brewing  of 
beer  according  to  the  process  pursued  in^varia,  which  were  decreed  to  those  brewers 
who  were  able  to  prove  that  their  product  (neitlier  strong  nor  highly  hopped)  had 
kept  six  months  in  the  casks  without  becoming  at  all  sour.  When  the  first  trials 
were  being  made,  several  thousand  barrels  were  being  spoiled,  till  eventually  experi- 
ence led  to  the  discovery  of  the  true  practical  conditions  which  theory  had  foreseen 
and  prescribed. 

Neither  the  richness  in  alcohol,  nor  in  hops,  nor  both  combined,  can  hinder  ordi- 
nary beer  &om  getting  tart  In  England,  says  Liebig,  an  immense  captal  is  sacri- 
ficed to  preserve  the  better  sorts  of  ale  and  porter  from  souring,  bv  leaving  them  for 
several  years  in  enormous  tuns  quite  full,  and  very  well  dosed,  wnile  their  tops  are 
covered  with  sand.  This  treatment  is  identical  with  that  applied  to  wines  to  make 
them  deposit  the  wine-stone.  A  slight  transpiration  of  air  goes  on  in  this  case 
through  the  pores  of  the  wood ;  but  the  quantity  of  azotised  matter  contained  in  the 
beer  is  so  great,  relativelv  to  the  nroportion  of  oxygen  admitted,  that  this  element 
cannot  act  upon  the  alcohoL  Ana  yet  the  beer  thiis  managed  will  not  keep  sweet 
more  than  two  months  in  smaller  cadu,  to  which  air  has  access.  The  grand  secret  of 
the  Munich  brewers  is  to  conduct  the  fermentation  of  the  wort  at  too  low  a  tempera- 
ture to  permit  of  the  acetification  of  the  alcohol,  and  to  cause  all  the  azotised  matters 
to  be  completely  separated  by  the  intervention  of  the  oxygen  of  the  air,  and  not  by 
the  sacrifice  of  the  sugar.  It  is  only  in  March  and  October  that  the  good  store  beer 
is  begun  to  bo  made  in  Bavaria. 

The  following  Table  exhibits  the  results  of  the  chemical  examination  of  the  undes* 
mentioned  kinds  of  Beer : — 


Qaantlty  in  100  parti  by  weight 

Name  of  the  Beer 

Analyst 

Water 

Moltcxtr. 

JUoohol 

Oarb.add 

Augustine  double  beer— Mu- 

nich   

88*36 

8-0 

8-6 

0*14 

Eaiser. 

Salvator  beer— do. 

87-62 

80 

4-2 

0-18 

Do. 

Book  beer   from   the   Boyal 

Brewery— do.     . 

88*64 

7-2 

4-0 

0-16 

Do. 

Schenk  (pot)  beer,  from  a  Ba- 

varian country  breweiy;  a 
kind  of  small  beer      , 

92-94 

4-0 

2-9 

0-16 

Do. 

Bock  beer,  of  Brunswick,  of 

the  Bavarian  kind      . 

88-60 

6-50 

60 

••• 

Balhom. 

Lager  (store)  beer,  of  Bruns- 

wick, of  the  Bavarian  kind. 

91-0 

6-4 

3-60 

«•« 

Otto. 

Brunswick  sweet  small  beer  . 

84-70 

14-0 

1*80 

••» 

Do. 

Brunswick  mum    .        •        . 

59*2 

890 

1-80 

01 

Kaiser. 

MaUmg  ^  MwiioK — ^The  barley  is  steeped  till  the  acroepire,  embryo,  or  seed-germ 
seems  to  be  quickened,  a  drcnmstanoe  denoted  by  a  swelling  at  that  end  of  the  grain 
which  waa  attached  to  the  fbot-stalk,  as  also  when,  on  pressing  a  pile  between  two 
fingers  against  the  thumb-nail,  a  slight  projection  of  the  embryo  is  perceptible.  As 
long,  however,  as  the  seed-germ  sti<^  too  firm  to  the  husk,  it  has  not  been  steeped 
enough  for  exposure  on  the  under-ground  malt-fioor.  Nor  can  deficient  steeping  be 
safely  made  up  for  afterwards  by  sprinkling  the  malt-couch  with  a  watering-can* 
which  is  apt  to  render  the  malting  irregular.  The  steep-water  should  be  dhang^  re- 
peatedly, according  to  the  degree  of  foulness  and  hardness  of  the  barley:  fint,  six 
hours  after  immersion,  having  previously  starred  the  whole  mass  several  tunes :  after- 
wards, in  winter  every  24  hours,  but  in  summer  every  12  hours.  It  loses  none  of  its 
substance  in  this  way,  whatever  vulgar  prejudice  may  think  to  the  contrary.  After 
letting  off  the  last  water  from  the  stone  cistern,  the  Bavarians  leave  the  barley  to 
dmin  in  it  during  4  or  6  hours.  It  is  now  taken  out,  and  laid  on  the  coach  floor 
in  a  square  heap,  8  or  10  inches  hi^h,  and  it  is  turned  over,  morning  and  evening, 
with  dexterity,  so  as  to  throw  the  middle  portion  upon  the  top  and  bottom  of  the  new* 
made  eoudu    When  the  aoospire  has  become  as  long  as  the  grun  itself  the  malt  is 
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oaoied  to  iha  wUheHmg  (Wdkbodm)  or  drying  floor,  in  the  open  air,  where  it  is  exposed 
(in  drj  weather)  daring  ftom  8  to  14  days,  being  daily  tamed  over  three  tames  with 
a  winnowing  shoyeL  It  is  next  dried  in  a  well-constracted  cylinder  or  fine-heated  malt- 
kiln,  at  a  gentle  clear  heat,  without  being  browned  in  the  slightest  degree,  while  it 
tarns  into  a  fine  finable  white  meaL  Smoked  malt  is  entirely  rejected  by  the  best 
Bavarian  brewers.  Their  malt  is  dned  on  a  series  of  wove  wire  horizontal  shelves, 
placed  over  each  other,  np  through  whose  interstices,  or  perforations,  streams  of  air, 
heated  to  only  122^  F.,  rise,  firom  the  surfeces  of  rows  of  hot  dieet-iron  pipe-fiues, 
arranged  a  liUle  way  below  the  shelves.  Into  these  pipes  the  smoke  and  burned  air 
of  a  little  fomaoe  on  the  ground  are  admitted.  The  whole  is  enclosed  in  a  vaulted 
chamber,  from  whose  top  a  large  wooden  pipe  issues  for  conveying  away  the  steam 
&om  the  drying  malt.  Each  charge  of  malt  may  be  completely  d^ed  on  this  kiln  in 
the  space  of  from  18  to  24  hours,  by  a  gentle  uniform  heat,  which  does  not  injure  the 
diastase  or  discolour  the  fmna. 

The  malt  for  store  beer  should  be  kept  three  months  at  least  before  using  it,  and 
be  freed  by  rubbing  and  sifting  from  the  acrospires  before  being  sent  to  the  mill, 
where  it  should  be  crushed  pret^  fine.  The  barley  employed  is  the  best  dUtichon  or 
eommon  kind,  styled  Hordewn  fmigare. 

The  hops  are  of  the  best  and  freshest  growth  of  Bavaria,  called  the  fine  spaUer,  or 
taaiser  Bohanian  taumhopB,  and  are  twice  as  dear  as  the  best  ordina^  hops  of  the  rest 
of  Germany.    They  are  m  such  esteem  as  to  be  exported  even  into  franco. 

In  Munich  the  malt  is  moistened  slightly  12  or  16  hours  before  cnuQiinff  it,  with 
from  two  to  three  Maas  *  of  water  for  every  bushel,  the  malt  being  well  feed,  and 
several  months  old.  The  mash-tun  into  whidi  the  malt  is  immediatSy  conveyed  is,  in 
middle-sized  breweries,  a  round  oaken  tub,  about  4^  feet  deep,  10  feet  in  diameter  at 
bottom  and  9  at  top,  outside  measure,  containing  about  6,000  Berlin  quarto.  Into  this 
tun  cold  water  is  admitted  late  in  the  evening,  to  the  amount  of  25  quarto  for  each 
seAefd,  or  600  quarto  for  the  26  soheffds  of  the  ground  malt,  which  are  then  shot  in 
and  stored  about,  and  worked  well  about  with  the  oars  and  rakes,  till  a  uniform  pasto 
is  formed  without  lumps.  It  is  left  thus  for  three  or  four  hours ;  8,000  quarto  of  water 
being  put  into  the  copper  and  made  to  boil;  and  1,800  quarto  are  gradually  run  down 
into  the  mash-tun  and  worked  about  in  it,  producing  a  mean  temperature  of  142*5^  F. 
After  an  hour's  interval,  during  which  the  copper  1ms  been  kept  full,  1,800  additional 
quarto  of  water  are  run  into  the  tun,  with  smtoble  mashing.  The  copper  being  now 
emptied  of  water,  the  mash-mixture  from  the  tun  is  tranisferred  to  it^  and  brought 
quickly  to  the  boiling  point,  with  oareftil  stirring  to  prevent  ito  settling  on  the  bottom 
and  getting  burned,  and  it  is  kept  at  that  tomperatore  for  half  an  hour.  When  the 
mash  rises  by  the  ebullition,  it  needs  no  more  stirring.  This  process  is  called,  in  Ba- 
varia, boiling  the  thick  mash,  diokmeisch  Kochen,  The  mash  is  next  returned  to  the 
tun,  and  well  worked  about  in  it.  A  few  barrels  of  a  thin  mash-wort  are  kept  ready 
to  be  put  into  the  copper  the  moment  it  is  emptied  of  the  thick  mash.  After  a  quarter 
of  an  hoar's  repose  the  portion  of  liquid  filtered  through  the  sieve  part  of  the  bottom 
of  the  tun  into  the  wort-oistom  is  put  into  the  copper,  thrown  bade  boiling  hot  into 
the  mash  in  the  tun,  iHiich  is  once  more  worked  thoroughly. 

The  copper  is  next  cleared  out,  filled  up  with  water,  which  is  made  to  boil  for  the 
afker,  or  small-beer,  bxewing.  After  two  hours*  settling  in  the  open  tun,  the  worte  are 
drawn  off  dear. 

Into  the  copper,  filled  up  one  foot  high  with  the  wort,  the  hops  are  introduced,  and 
the  mixture  is  made  to  boil  during  a  quarter  of  an  hour.  This  is  called  roasting  the 
Aops,  The  rest  of  the  wort  is  now  put  into  the  copper,  and  boiled  alouff  with  the  hops 
duringat  least  an  hour  or  an  hour  and  a  half.  The  mixture  is  then  laded  out  through 
the  hop-filter  into  the  cooling  cistern,  where  it  stonds  three  or  four  inches  deep,  and 
is  exposed  upon  an  extonsive  surface  to  natural  or  artificial  currento  of  cold  air,  so  as 
to  be  quickly  cooled.  For  every  20  barrels  oiLagerbier  there  are  allowed  10  of  small 
•beer ;  so  that  80  barrels  of  wort  are  made  in  alL 

For  the  winter  oar  pot-beer  the  worto  are  brought  down  to  about  69^  F.  in  the  cooler, 
and  the  beer  is  to  be  transferred  to  the  fermenting  tuns  at  from  54*6^  to  69^  F. ;  for 
the  summer  or  Lofffrbiar,  the  worto  must  be  brought  down  in  the  cooler  to  from  48^  to 
45^^,  and  put  into  the  fermenting  tuns  at  from  41^  to  48^  F. 

A  few  hours  beforehand,  iHiile  the  wort  is  still  at  the  tomperature  of  68 1^  F.,  a 

rntity  of  IM  must  be  nmde,  called  Vbrttellen  (fore-utHng)  in  (German,  by  mixing 
proportion  of  UnUrktfe  (yeast)  intonded  for  £e  whole  brewing  with  a  barrel  or  a 
barrel  and  a  half  of  the  worts,  in  a  small  tub  called  the  OShr-timet  stirringthem  well 
together,  so  that  they  may  immediatoly  run  into  fermentotion.  This  IM  is  in  this 
stage  to  be  added  to  the  worto.     The  lobb  is  known  to  be  ready  when  it  is  oorered 
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"With  a  white  £roth  £rom  one  quarter  to  one  half  an  inch  thick,  during  which  it  must 
be  well  ooyered  up.  The  laiq^  fermenting  tun  must  in  like  manner  be  kept  coyered 
even  in  the  vault  The  colder  the  worts,  the  more  yeast  must  be  used.  For  the  above 
quantitj,  at 

From  57**  to  69°  F 6  Moos  of  Unterhefe. 

„  630to66*>  .  .  .  .8  „ 
„  48<^to60«»  ....  10  „ 
„    41«t0  43o        .        .        .        .     12      „ 

Some  recommend  that  wort  for  this  kind  of  fermentation  (the  UnUrgShrung)  should 
be  set  with  the  veast  at  ftom  48^  to  57° ;  but  the  general  practice  at  Munich  is  to  set 
the  summer  or  Lagerbier  at  from  41°  to  48°  F. 

By  following  the  preceding  directions,  Uie  wort  in  the  tun  should,  in  the  course  of 
from  12  to  24  hours,  exhibit  a  white  froth  round  the  rim,  and  even  a  slight  whiteness 
in  the  middle.  After  another  12  to  24  hours,  the  froth  should  ap|pear  in  curls ;  and, 
in  a  third  like  period,  these  Qurls  should  be  changed  into  a  still  higher  frothy  brownish 
mass.  In  from  24  to  48  hours  more,  the  barm  should  have  fallen  down  in  portions 
through  the  beer,  so  as  to  allow  it  to  be  seen  in  certain  points.  In  this  case  it  may  be 
turned  over  into  the  smaller  ripening  tuns  in  the  course  of  other  five  or  six  days. 
But  when  the  worts  have  been  set  to  ferment  at  from  41°  to  43°  F.,  they  require  from 
eight  to  nine  days.  The  beer  is  transferred,  after  being  freed  from  the  top  yeast  by  a 
slammer,  by  means  of  the  stopcock  near  the  bottom  of  the  large  tun.  It  is  either 
first  run  into  an  intermediate  vessel,  in  order  that  the  top  and  bottom  portions  may  be 
well  mixed,  or  into  each  of  the  Laqer  casks,  in  a  numbered  series,  like  quantities  of  the 
top  and  bottom  portions  are  introduced.  In  the  ripening  cellars  the  temperature  can- 
not be  too  low.  The  best  keeping  beer  can  never  be  brewed  unless  the  temperature  of 
the  worts  at  setting,  and  of  course  the  fermenting  vault,  be  as  low  as  50°  F.  In 
Bavaria,  where  this  manufacture  is  carried  on  under  Government  inspectors,  a  brewing 
period  is  prescribed  by  law,  which  is,  for  the  under-fermenting  Lageriner,  from  Michael- 
mas (29th  September)  to  St.  George  (23rd  April).  From  the  latter  to  the  former  period 
the  ordinary  top-barm  beer  alone  is  to  be  made.  The  ripening  casks  must  not  be 
quite  full,  and  they  are  to  be  closed  merelv  with  a  loose  bung,  in  order  to  allow  of  the 
working  over  of  the  ferment.  But  shoula  the  fermentation  appear  too  languid,  after 
six  or  eight  days,  a  little  briskly  fermenting  Lagerbier  may  be  introduced.  The  store 
Lagerbier  tuns  are  not  to  be  quite  filled,  so  as  to  prevent  all  the  yeasty  particles  from 
being  discharged  in  the  ripening  fermentation ;  but  the  pot  Lagermer  tuns  must  be  made 
quite  full,  as  this  beverage  is  intended  for  speedy  sale  within  a  few  weeks  of  its  being 
made. 

As  soon  as  the  summer-beer  vaults  are  charged  with  their  ripening  casks  and  with 
ice-cold  air,  they  are  closed  air-tight  with  triple  doors,  having  small  intervals  between, 
so  that  one  may  be  entered  and  ^ut  again  before  the  next  is  opened.  These  vaults 
are  sometimes  made  in  ranges  radiating  from  a  centre,  and  at  others  in  rooms  set  off 
at  right  angles  to  a  main  g^ery,  so  that  in  either  case,  when  the  external  opening  is 
well  secured  with  triple  air-tight  doors,  it  may  be  entered  at  any  time,  in  order  to  in- 
spect the  interior  without  the  admission  of  warm  air  to  the  beer-barrels.  The  wooden 
bun^  for  loosely  stopping  them  must  be  coated  with  the  proper  pitch,  to  prevent  the 
possibility  of  their  imparting  any  acetous  ferment. 

The  Government  has  taken  great  pains  to  improve  this  national  beverage,  by  en- 
couraging the  growth  of  the  best  qualities  of  hops  and  barley.  The  vaults  in  which 
the  beer  is  fermented,  ripened,  and  kept,  are  all  under  ground,  and  mostly  in  stony 
excavations  called  Feleenkeller,  or  rock-cellars.  The  beer  is  divided  into  two  sorts, 
called  summer  and  winter.  The  latter  is  light,  and,  being  intended  for  immediate  retail 
in  tankards,  is  termed  Schenkhier,  The  other,  or  the  Lagerbier ^  very  sensibly  increases 
in  vinous  strength  in  proportion  as  it  decreases  in  sweetness,  by  the  judicious  manage- 
ment of  the  NaehgdhAmg,  or  fermentation  in  the  casks.  In  several  parts  of  Germany 
a  keeping  quality  is  communicated  to  beers  by  burning  sulphur  in  the  casks  before 
filling  them,  or  by  the  introduction  of  sulphite  of  lime ;  but  the  flavour  thus  imparted 
is  disliked  in  Munich,  Bayreuth,  Begensburg,  Niimberg,  Hof,  and  the  other  chief 
towns  of  Bavaria,  instead  of  which  a  preservative  virtue  is  sought  for  in  an  aromatie 
mineral,  or  Tyrol  pitch,  with  which  the  inside  of  the  casks  are  carefully  coated,  and 
in  which  the  ripe  beer  is  kept  and  exported.  In  December  and  January,  after  the 
casks  are  charged  with  the  summer  or  store  beer,  the  double  doors  of  the  cellars  are 
closed,  and  lumps  of  ice  are  piled  up  against  them,  to  prevent  all  access  of  warm  air. 
The  cellar  is  not  opened  till  next  August,  in  order  to  take  out  the  beer  for  oonsump- 
tion.  In  these  circumstances  the  beer  becomes  transparent  like  champagne  wine;  ana, 
since  but  little  carbonic  add  gas  has  been  disengaged,  little  or  none  of  the  additionally 
generated  alcohol  is  lost  by  evaporation* 
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The  irinter  or  iehenk  (pot)  beer  is  brewed  in  the  months  of  October,  November, 
March,  and  April ;  but  the  summer  or  store  beer,  in  December,  January,  and  Feb- 
ruaiy,  or  the  period  of  the  coldest  weather.  For  the  former  beer,  the  hopped  worts 
are  cooled  down  only  to  from  51^  to  65^  but  for  the  latter  to  from  41^  to  42^^  F. 
The  winter  beer  is  also  a  little  weaker  than  the  summer  beer,  being  intended  to  be 
sooner  consumed ;  since  four  bushels  *  (Berlin  measure)  of  fine,  dry,  sifted  malt,  of 
large  heavy  Bdrdmm  trntgare  dUtichan,  aflfords  seven  Mmers  of  winter  beer,  but  not 
more  than  from  five  and  a  half  to  six  of  summer  beer.*  At  the  second  infusion  of 
the  worts  small  beer  is  obtained  to  the  amount  of  20  quarts  for  the  above  quantity  of 
malt.  For  the  above  quantity  of  winter  beer,  6  lbs.  of  middling  hops  are  reckoned 
sufficient ;  but  for  the  summer  beer,  from  7  to  8  lbs.  of  the  finest  hops.  The  winter 
beer  may  be  sent  out  to  the  publicans  in  barrels  five  days  after  the  fermentation  has 
been  completed  in  the  tuns,  and,  though  not  quite  clear,  it  will  become  so  in  the 
course  of  six  days ;  yet  they  generally  do  not  serve  it  out  in  pots  for  two  or  three 
weeks ;  but  the  summer  beer  must  be  perfectly  bright  and  still  before  it  is  racked  off 
into  casks  for  sale. 

Boek  Beer  of  Bavaria, — This  is  a  favourite  double-strong  beverage  of  the  best 
lager  description,  which  is  so  named  from  causing  its  consumers  to  prance  and  tumble 
about  like  a  buck  or  a  ftoat ; — ^for  the  German  word  Bock  has  both  these  meanings. 
It  is  merely  a  beer  having  a  specific  gravity  one-third  greater,  and  is  therefore  made 
with  a  third  greater  proportion  of  malt,  but  with  the  same  proportion  of  hops,  and 
flavoured  with  a  few  coriander  seeds.  It  has  a  somewhat  darxer  colour  than  Uie 
general  Lofferbter,  occasionally  brownish,  tastes  less  bitter  on  account  of  the  pre- 
dominating malt,  and  is  somewhat  aromatic  It  is  an  eminently  intoxicating  beverage. 
It  is  breweid  in  December  and  January,  and  takes  a  long  time  to  ferment  and  ripen ; 
but  still  it  contains  too  large  a  quantity  of  unchanged  saccharine  matter  and  dextrine 
for  its  hops,  so  Uiat  it  tastes  too  luscious  for  habitual  topers,  and  is  drunk  only  from 
the  beginning  of  May  till  the  end  of  July,  when  the  fashion  and  appetite  for  it  are 
over  for  the  year. 

On  the  Clarifying  or  Clearing  of  Beers, — Clarifiers  act  either  chemically, — by  being 
soluble  in  the  beer,  and  by  forming  an  insoluble  compound  with  a  vegetable  gluten, 
and  other  viscid  vegetable  extracts  i  gelatine  and  albumen,  under  one  shape  or  other, 
have  been  most  used :  the  former  for  beer,  the  latter,  as  white  of  egg,  for  wine, — or 
mechanically,  by  being  difftised  in  fine  particles  through  the  turbid  liquor,  and,  in  their 
precipitation,  carrying  down  with  them  the  fioating  vegetable  matters.  To  this  class 
belong  sand,  bone-bl^isk  (in  some  measure,  but  not  entirely),  and  other  such  articles. 
The  latter  means  are  v^  imperfect,  and  can  take  down  only  such  matters  as  exist 
already  in  an  insoliible  state ;  of  the  former  dass,  milk,  blood,  glue,  calves'-feet  jollv, 
hartshorn  shavings,  and  isinglass,  have  been  chiefiy  recommended.  Calves'-feet  jelly 
is  much  used  in  many  parts  of  Germany,  where  veal  forms  so  common  a  kind  of 
butcher-meat ;  but  in  summer  it  is  apt  to  acquire  a  putrid  taint,  and  to  impart  the 
same  to  the  beer.  In  these  islands,  isinglass,  swollen  and  partly  dissolved  in  vinegar, 
or  sour  beer,  is  almost  the  sole  clarifier,  called  fining,  employed.  It  is  costly, 
when  the  beet  article  is  used ;  but  an  inferior  kind  of  isinglass  is  imported  for  the 
brewers. 

The  solvent  or  medium  through  or  with  which  it  is  administered  is  eminently  inju- 
dicious, as  it  never  £uls  to  infect  the  beer  with  an  acetoiis  ferment.  In  Germany  their 
tart  wine  has  been  used  hitherto  for  dissolving  the  isinglass ;  and  this  has  also  the 
same  bad  property.  Mr.  2iiinmermann  professes  to  have  discovered  an  unexception- 
able solvent  in  tartaric  add,  one  pound  of  which  dissolved  in  24  quarts  of  water  is 
capable  of  dissolving  two  pounds  of  ordinary  isinglass ;  forming  finings  which  may 
be  afterwards  dilut^  with  pure  water  at  pleasure.  Such  isinglass  imported  from 
Petersburg  into  Berlin  costs  there  only  Zs,  per  lb.  These  finings  are  best  added,  as 
alr^y  mentaoned,  to  the  worts  prior  to  fermentation,  as  soon  as  they  are  let  into  the 
setting-back,  or  tun,  immediately  after  adding  the  yeast  to  it.  They  are  best  adminis- 
tered by  mixing  them  in  a  small  tub  with  thrice  their  volume  of  woit,  raising  the 
mixture  into  a  froth  with  a  whisk  {twig-besom  in  German),  and  then  stirring  it  into 
the  worts.  The  clarification  becomes  manifest  in  the  course  of  a  few  hours,  and  when 
the  fermentation  is  completed,  the  beer  will  be  as  brilliant  as  can  be  wished ;  the  test 
of  which  with  the  G^rarman  topers  is  when  they  can  read  a  newspaper  while  a  tall  glass 
beaker  of  beer  is  placed  between  the  paper  and  the  candle.  One  quart  of  finings  of 
the  above  strecgtn  will  be  generally  round  adequate  to  the  dearing  of  100  gallons  of 
well-brewed  lager^beer,  though  it  will  be  surer  to  use  double  that  proportion  of  finings. 
The  Carrageen  moss,  as  finings,  is  to  be  cut  in  fine  shreds,  thrown  into  the  boiling 

*  An.TgngMflh  qnarliflr  nf  groin  <■  mtmtA  to  S  hnahftte  {Mth^JfO)  mxA  tiaarly  mifl.tMiil  Prn— Ian  mflflgm^ 
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thin  wort,  yihen  the  flodcB  b«gin  to  separate,  and  befoora  adding  the  hops;  after  which 
the  boiling  is  continued  for  an  hour  and  a  half  or  two  hours,  as  need  be.  The  clarify- 
ing with  uiis  kind  of  finings  takes  place  in  tho  cooler,  so  that  a  limpid  wort  may  be 
drawn  off  into  the  fermenting  back. 

Zimmermann  assumes  the  merit  of  having  introduced  Carrageen  moss  ai  a  darifler 
into  the  beer  manufacture.  He  says  that  1  ounce  of  it  is  sufficient  for  25  gallons  of 
beer ;  and  that  it  operates,  not  only  in  the  act  of  boiling  with  the  hope,  but  in  that  of 
cooling,  as  also  in  tb.e  squares  and  backs  before  the  fermentation  has  begun.  When- 
ever uiis  change,  however,  takes  place,  the  commixture  throws  up  the  gluten  and 
moss  to  the  siuSace  of  the  liquid  in  a  black  scum,  which  is  to  be  skimmed  ofi^  so  that 
the  proper  yeast  may  not  be  soiled  with  it.  It  occasions  the  separation  of  much  of 
the  vegetable  slime,  or  mucilage,  called  by  the  German  brewers  Pech  (pitch). 

Berlin  WkUe  or  JPale  Beer  {WeiM-^tier). — This  is  the  truly  national  beverage  of 
Prussia  Fro^r.  It  is  brewed  from  1  part  of  barley  malt  and  5  parts  of  wheat  malt» 
mingled,  moistened,  and  coarsely  crushed  between  rollers.  This  mixture  is  worked  up 
first  with  water  at  95^  F.,  in  the  proportion  of  30  quarts  per  echefd  of  the  malt,  to 
which  nasty  mixture  70  quarts  of  boiling  water  are  forthwith  added,  and  the  whole  is 
mashed  in  the  tun.  After  it  has  been  left  here  a  little  to  settle,  a  portion  of  the  thin 
liquor  is  drawn  off  by  the  tap,  transferred  to  the  copper,  and  then  for  each  bushel  of 
malt  there  is  added  to  it  a  deooction  of  half  a  pound  of  Altmark  hops  separately  pre- 
pared. This  hopped  wort,  after  half  an  hour's  boiling,  is  turned  back  imh  the  hops 
into  the  mash-tun,  of  which  the  temperature  should  now  be  162^^  F..  but  not  more. 
In  half  an  hour  the  wort  is  to  be  drawn  off  from  the  grains,  and  pumped  into  the 
cooler.  The  grains  are  afterwards  mashed  with  from  40  to  50  quarts  of  boiling  water 
per  echeffel  of  malt,  and  this  iuAision  is  drawn  off  and  added  to  Uie  former  worts.  The 
whole  mixture  is  set  at  66°  F.  with  a  due  proportion  of  top  yeast  or  ordinary  barm, 
and  very  moderately  fermented. 

Potato  Beer, — ^The  potatoes  being  well  washed  are  to  be  rubbed  down  to  a  pulp 
by  such  a  grating  cylinder  machine  as  is  represented  in  fig,  102,  where  a  is  the 


hopper  for  receiving  the  roots  (whether  potato  or  beet,  as  in  the  French  sugar 
frdiories);  5  is  the  crushing  and  grinding  drum ;  0,  the  handle  for  turning  Uie  spur- 
ivheel  df  niikh  driyw  the  pinion  e,  and  the  fly-wheel  /;  g,  h^  is  the  finme.    Tho 
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dotted  Hnei  abovs  0  aie  tho  oolander  thiough  vhieh  the  pulp  paisefl.  Fov  every 
fokeffd  of  potatoes  80  quaits  of  water  are  to  be  put  vith  them  into  the  copper,  and 
made  to  boil. 

Crushed  malt,  to  the  amount  of  12  seheffels,  is  to  be  well  worked  about  in  the  mash- 
tun  with  360  quarts,  or  90  gallops  (Eng^sh),  of  cold  water,  to  a  thick  pap,  and  then 
840  additional  quarts,  or  about  6  barrels  (English),  of  cold  water  are  to  be  suoces- 
sively  introduced,  with  constant  stirring,  and  le^  to  stand  aa  hour  at  rest. 

^e  potatoes  haTing  been  meanwhile  boiled  to  a  fine  starch  paste,  the^  whole  malt^ 
mashf  tiiin  and  thick»  is  to  be  speedily  laded  into  the  copper,  and  the  mixture  in  it  is 
to  be  well  stirred  fbr  an  hour;  taking  cilre  to  keep  the  temperature  at  &om  144^  to 
166^  F.  all  the  time,  in  order  that  the  diastase  of  the  malt  may  conyert  the  starch 
present  in  tlie  two  substances  into  sugar  and  doxtiine.  This  transformation  is  made 
manifest  by  the  white  pasl^  liquid  becoming  transparent  and  thin.  Whenever  this 
happens  the  fire  is  to  be  raised,  to  make  the  mash  boil,  and  to  keep  it  at  this  heat  for 
10  minutes.  The  fire  is  then  withdrawn,  the  contents  of  the  copper  are  to  be  trans- 
ferred into  the  mash,  worked  well  there,  and  loft  to  settle  for  h^  an  hour ;  during 
-which  time  the  copper  is  to  be  washed  out,  and  quickly  charged  once  more  with 
boiling  water. 

The  clear  wort  is  to  be  drawn  off  from  the  tun,  as  usual,  and  boiled  afi  soon  as 
possible  with  the  due  proportion  of  hops ;  and  the  boiling  water  may  be  added  in  any 
desired  quantity  to  the  drained  mash,  for  the  second  mashing.  Wort  made  in  this 
way  is  said  to  have  no  flayourwhateyer  of  the  potato,  and  to  clarify  more  easily 
than  malt^wort,  from  its  containing  a  smaller  prop<»tion  of  gluten  relatiyely  to  that 
of  saccharum. 

A  sokeffd  of  good  mealy  potatoes  a£Ebrds  from  26  to  27  ^  lbs.  of  thick  well-boiled 
syrup,  of  the  density  of  86°  £aum^  (see  Abbombtbb)  ;  and  26  lbs.  of  such  syrup  are 
equivalent  to  a  scheffel  of  malt  in  saccharine  strength.  Zimmermann  thinks  beer  so 
brewed  from  potatoes  quite  equal,  at  leasts  if  not  superior,  to  pure  malt  beer,  both  in 
appearance  and  quality. 

Fi^>  103  18  the  stopsock  used  in  BaTaiia  for  bottling  beer. 


The  foUowing  analyies  of  Gevman  beers  are  by  Leo:— 


Alcohol    . 

Albumen  .■       .  ■      . 
Extract    .        .        . 
Water 

TJMxfMnYtAin 

Weljnar 

QmeiuKi 

Jena 

DonUeJena 

3*168 

0*048 

4^485 

92*299 

2-567 

0*020 

7-316 

90-097 

3-096 

0-079 

7-072 

89-753 

3-018 

0-045 

6-144 

90-793 

2-080 

0028 

7-158 

90-789 

100*000 

100-000 

100-000 

100000 

100-000 

Under  the  term  *  extract,'  in  these  analyses,  is  meant  a  mixture  of  starch,  sugar,  dex- 
.trine,  lactioadd,  vanons  0«lt0»  oertain  eztractiye  and  aromatic  parts  of  thohop,  gluten, 
andfSfttty  matter. 
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Hoffitedt'B  prooesfl  for  the  detection  of  spurioui  bitten  in  bees  is  applicable  to  the 
detection  of  picrotozin,  absinthin,  menyanthin^  qnaasin,  and  oolo^nthin*  Hie  bitter 
princiiiles  likely  to  occur  in  beer  may  be  divided  into  two  claasea : — 

L  Fbboifitab£b  bt  Agbtatb  of  Lbab. 

Luptdm,-^lt  is  not  piecipitablo  by  tannin.  It  is  soluble  in  alcohol  and  ether,  but 
not  in  water, 

IL— KOT  FBECIFITATID  BT  ACBTATB  OF  ImLD* 

With  tannin,  after  remoral  of  lead  by  means  of  sniphnretted  hydrogen. 

a.  Not  precipitated  by  tannin : 

Pioroioxtn, — Soluble  in  water,  alcohol,  and  ether. 
Absinthm, — Soluble  in  alcohol  and  ether,  not  in  water. 

b.  Precipitated  by  tannin : 

MenyaiUhin,--Syanngly  soluble  in  ether  and  cold  water ;  easily  in  hot  water. 

Turns  brown  and  then  violet  with  strong  sulphuric  add. 
Quiusin, — Sparingly  soluble  in  ether ;  soluble  in  222  parts  of  cold  water ; 

not  colouied  by  sulphuric  acid. 
ColooyntMn, — Insoluble  in  ether;  soluble  in  cold  water.    Turns  first  red  and 

then  brown  with  strong  sulphuric  add. 

The  quantities  needM  for  examination  are  six  litres  of  Bavarian  or  bitter  beer,  or 
four  of  porter.  This  may  seem  excessive,  but  it  must  be  remembered  that  a  very 
small  quantity  of  the  above-mentioned  drugs  will  impart  a  strong  bitter  taste  to  a 
large  volume  of  lic^uid ;  and,  again,  that  the  hop  is  never  entirely  omitted,  since  its 
peculiar  efficacy  in  preventing  spurious  or  secondarv  fermentation  appears  to  be 
possessed  by  no  other  bitter.  The  beer  in  question  is  to  be  evaporated  down,  first 
over  the  nsJied  fire,  and  afterwards  on  the  water-bath.  Great  care  must  be  taken 
that  it  does  not  dry  or  bum  on  the  sides  of  the  vessel,  or  bitter  prindples  may  be 
generated  which  mask  the  reactions  to  be  sought  for.  The  thick  mass  is  well 
treated  with  alcohol  in  a  tall  beaker.  At  the  bottom  will  be  found  a  thick  gummy 
mass,  and  a  somewhat  turbid  stratum  of  liquor  over  it:  this  is  set  aside  to  become 
dear ;  it  is  then  poured  off  and  the  alcohol  distilled  off;  the  reddue  is  concentrated  to 
a  syrup  and  dissolved  in  alcohoL  The  solution  is  mixed  with  ten  times  its  bxdk  of 
ether,  which  predpitates  sugar ;  when  dear,  the  liquid  is  decanted  from  the  sediment 
and  distilled.  The  reddue  is  dissolved  in  warm  water  and  a  portion  of  it  tested  with 
tannin.  A  pure,  well-hopped  beer  never  gives  a  dear  aqueous  solution ;  a  beer  con- 
taining little  of  the  hop  may ;  if  the  solution  does  not  dear  up  add  a  trace  of  alcohoL 
Beddes  lupuHn,  abdntnin  is  insoluble  in  water.  Filter  offthe  resinous  matter  which 
may  have  been  depodted,  then  predpitate  the  warm  filtrate  with  acetate  of  lead,  which 
must  not  be  too  add ;  lupulin  is  then  thrown  down.  Excess  of  lead  must  be  careftilly 
avdded,  or  menvanthin  may  fidl  down  also :  allow  it  to  settle,  filter,  and  wash  the 
predpitate  with  hot  water. 

FiitraU.-^Tie&t  with  sulphuretted  hydrogen  till  all  the  lead  is  predpitated; 
filter  and  wash,  first  with  warm  water  and  then  with  alcdiol ;  remove  sulphuretted 
hydrogen  and  free  acetic  add  by  evaporation  almost  to  dryness.  Ji  the  reddue  is 
tree  from  bitterness  no  adulteration  is  present ;  absinthin  never  gives  a  dear  aqueous 
solution,  and  menyanthin  never  a  dear  cold  one.  A  turbid  solution  may  contain  all 
the  spurious  bitters ;  add  a  little  alcohol  till  the  solution  becomes  dear,  and  then 
tannin. 

1.  The  predpitate  formed  is  dried  up  along  with  hydrated  oxide  of  lead  suspended 
in  water,  and  extracted  with  boiling  spirit.  In  the  reddue  of  this  extract  ooloqrnthin» 
menyanthin,  and  quassin  are  separated  by  means  of  their  behaviour  with  ether  and 
water. 

2.  The  predpitate  is  fireed  £rom  tannin  by  means  of  acetate  of  lead,  the  predpitate 
filtered  off,  the  lead  removed  by  means  of  sidphuretted  hydrogen  and  evaporated, 
Picrotoxin  separates  out  in  drstals ;  absinthin  remans  as  a  yellow  mass. 

Levin  Ender  recommends  the  following  procedure : — 

1.  Predpitate  with  acetate  of  lead. 

Liyndm, — ^It  gives  no  mirror  with  ammoniacal  solution  of  Bilver. 

2.  mt  predfatated  by  acetate  oflead,  but  by  tannin. 

A,  Soluble  in  ether:  Absinthin,    Gives  a  mirror  with  the  diver  solution. 

B.  Sparingly  soluble  in  ether.    Menyanthin;  Qwusin,    The  former  gives  a 

mirror ;  the  latter  not. 
Piorotoxin,  abdnthin,  menyanthin,  edocynthin,  reduce  solution  of  BUver ;  lupulin 
and  quassia  do  not*. 
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Setr  and  Jle.~Expi>rt$. 


1871 

1872                    1 

Burels 

A 

Bunls 

£ 

ToBoflBia         «... 

4,253 

16,131 

„   Gennany      .... 

5,168 

18,613 

„  Belghim       .... 

8,714 

13,482 

„  France          .... 

10,152 

34,149 

„  China           .... 

4,209 

21.472 

„  Japan          .... 

2,421 

12,454 

„  United  States:— 

Atlantic    .... 
Bftdfic      .        •        .        . 

29,446 
6,956 

147,010 
34,185 

}  44,360 

223,579 

„  Poreign  West  Indies     . 

16,080 

82,503 

»  Pern 

11,965 

63,998 

„   Chili 

7,107 

35,223 

»   Braol 

18,267 

71,903 

„   Uruguay       .... 

2,388 

12,447 

„   Aigentine  Confederation 

5,342 

26,846 

„    Channel  Islands    . 

8,531 

25,327 

„   Gibraltar      .... 

11,432 

38,198 

„   Malta           .... 

6,742 

22,152 

„   British  Possessions  in  South 

Africa       .        «        .        . 

15,669 

64,777 

„  British  India  :— 

Bombay  and  Scinde  . 

59,264 

165,929 

^ 

24,354 

69,050 

167,597 

522,598 

Bengal      .... 

66,365 

214,574 

„   Straits'-Settlemento 

3,287 

13,133 

„    Ceylon          .... 

8,580 

30,199 

„   Hong  Kong  .... 

7,417 

28,717 

„   Australia      •       .        •        . 

80,511 

324,021 

88,184 

359,701 

„  British  North  America  . 

11,941 

50,542 

„   British  West  India  Islands 

and  British  Ghaana  . 

28,013 

106,243 

27,199 

102.491 

„   Other  Countries 

Total 

28,537 

110,505 

194,616 

876,219 

483,120 

1,853,733 

521,956 

2,084,583 

Beer  and  JU*^h^poris  in  1872. 


Ooontries  wlieiioe  Imported 

Qosntities 

Value 

Entered  for 

HomeOon- 

somption 

Groas 
Amount 
recelyed 

Mum—Vvam  all  Countries         • 

Bwrels 
2 

£ 
6 

Barrels 
2 

A 
2 

apruce-^Ttom  Germany     . 

„     Other  Cottntries  . 

Total 

1,813 

7 

14,688 
30 

1,820 

14,718 

1,720 

2,062 

Other  sorts— 'From  Gennany 
„  Belgium  . 
„  Other  Countries 

Total 

326 

841 

1,277 

1,349 
2,853 
3,303 

2,444 

7,505 

2,435 

1,088 

A  peculiar  stone,  composed  chiefly  of  carbonate  of  lime,  vhich 

is  quarried  extensively  at^eer,  in  Deronshire. 

aaaS'-W.AX.  The  solid  matter  forming  the  cells  of  the  honeycomb,  secreted, 
according  to  Hober,  by  an  organ  situated  in  the  abdomen  of  the  bee.    See  Wax. 
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BBET-BOOT 


A  name  usually  giveti  to  the  insecta  df  the  Coleopterons  order,  eape- 
eiallj  to  those  of  a  dark  colour.  The  species  of  Coleopterous  insects  known  amount 
to  nearlr  40,000.  The  cantharides,  or  blistering-flies,  are  used  medidnally.  The 
larva  of  Ceramhyx  heros  was  regarded  by  the  Eomans  as  a  delica^^.  The  Ajnericati 
Indians  eat  the  lurya  of  CaJUmdra  palmarum.  The  name  is  appli^  to  the  annoying 
insects  which  infest  the  kitchens  of  houses  in  large  towns)  they  are  the  blattdat 
cockroach,  and  belong  to  the  Orthopterous  order, 

BEBnja*a  Wings,  The  elTtra  or  winf  oases  of  the  more  brilliantly  col<WMd  beetles 
(Coleopt€ra\  are  used  in  making  head-dresses  for  ladies,  and  for  decorating  muslins, 
scarfs,  and  ball  dresses.  In  Brazil  especially,  those  wings  are  used  for  omamenti, 
,  and  much  art  is  bestowed  in  their  prMluction.  Since  the  Exhibition  of  1862j  when 
Brazil  exhibited  a  collection  of  the  beetle's  wing  ornaments,  they  have  been  regularly 
imported. 

BBXTUl,  or  ]\fauL  A  large  mallet,  with  a  handle  about  three  feet  in  length, 
used  for  knocking  the  comers  dT  framed  wori:,  and  setting  it  in  its  proper  position. 
Also  a  mallet  us^  for  driving  piles,  raised  by  ropes  and  pulliee — sometimes  called 
Boytle. 

BUTUI  STOITBB.  A  name  given  in  South  Wales  to  septanan  •nodules  of  the 
day  ironstone  from  the  coal-measures. 

8B8T&ZVa  MAOBXVa.  A  machine  used  for  produdng  ornamental  figured 
fabrics  by  pressure  from  corrugated  or  indented  surface  rollers. 

BBXTOIOOT.  {Betterave,  Fr. ;  rothe  Biibe,  Ger.)  The  large  fleshy  root  of  the 
beetf  a  plant  of  the  genus  Beta,  There  are  two  distinct  spedes  cultivated,  each  con- 
taining several  varieties.  One  called  Horteneis,  producing  succulent  leaves  only ;  the 
other,  the  Vulgaris,  distinguished  by  its  long  fleshy  root.  The  varietv  of  the  Vmgaris, 
known  as  the  red  beet,  is  much  cultivated  in  our  gardens,  and  used  as  a  vegetable. 
The  wkUe  beet  is  in  mudi  repute  in  Belgium  and  France  for  the  manu&ctnre  of  sugar. 
See  SuoAB. 

The  common  fidd  beet,  for  cattle,  which  has  been  long  known  in  Germany,  was 
introduced  into  England  at  the  latter  end  of  the  last  century;  and  its  introduction  is 
generally  attributed  to  the  late  Dr.  Lettsom,  a  physician  of  great  repute,  and  one  of 
Uie  Society  of  Friends.  The  German  name  is  mangold  wureel,  or  mangold  root,  but 
is  commonly  pronounced  mangel  wwr^el,  whidi  means  scarcity  root ;  and,  by  a  strange 
translation,  it  is  called  in  Irench  racine  d^abondance,  or  root  of  plenty,  as  well  as 
racine  de  disette,  or  root  of  scarcity.  The  name  field  beet  is  much  more  appropriate.— 
Pennjf  Oi/clopadia, 


The  Analyms  of  Way  and  Ogdon 
the  Beet-root,  and  i 


Hffe  the  folhufing  Ck^poHiumfor  two  Varietiee  qf 
9  Analysis  of  QriepenJurl  for  another. 


TeDow  Globe 
HaogoklWand 

Long  Bed 
Ifaog^Wanel 

Bed  Beet 

Snbsfcances  oontahied 

Boot 

Leaves 

BMt 

Leaves 

Boot 

Fotassa          .... 

25-64 

8*34 

21-68 

27-90 

51*10 

Soda      .        .        .        .        • 

19-08 

\2'2,l 

3*13 

8-01 

Lime 

1-78 

8-72 

1-90 

8-17 

2-45 

Magnesia       .... 

1-76 

9«84 

1-79 

7*03 

2-94 

Sesquioxide  of  iron 

0-74 

1-48 

0-52 

0-96 

0-35 

Sulphuric  acid 

3-68 

6-64 

3-14 

4-60 

8-31 

Silica 

2-22 

2-35 

1-40 

2-26 

0-19 

Carbonic  acid 

18-14 

6-92 

•  16'23 

6-45 

Phosphoric  acid     . 

4-49 

6-89 

1-65 

5-19 

10-77 

Chloride  of  sodium 
Total  amount 

24-54 

37-66 

49-51 

84-39 

17*04 

99-96 

99-95 

99-95 

99*96 

99*99 

Per-centage  of  ash  in  the  dry 

substance  .... 

11-32 

1400 

*    7*10 

17-90 

7-  8 

Per-centage  of  ash  in  the  fresh 

substance  .        •        •        • 

1-02 

1-40 

0-64 

1*79 

The  quantity  of  beet-root  used  in  the  ZoUverein  States  of  Germany  in  the  manu- 
facture of  sugar  was  as  fdUows  :— 
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Ccntnen  of  110  lbs.  Eng. 
Fop  tlio  year  1849-60      ....    11,626.678 


1860-61 
1861-62 
1870-71 
1871-72 


16,000,000 
20,000,000 
26,760,000 
26,660,000 


The  celitner  Tiries,  in  different  localities,  from  100  to  112  < 

The  cnltiyation  of  'the  sngar-'beet  lias  been  introduced  into  the  no 
States  and  CaHfomia. 

WM^ltAlHnmjkm  {BdUdame,  Fr.)  The  Atropa  Belladonna,  or  deadly  night- 
shade, a  poisonons  plant  belonging  to  the  Solanacea  or  jyotato-order.  ^  It  is  employed 
in  medicine  as  an  anodyne,  and  also  for  dilating  the  pupil  of  the  eye  in  operation  for 
cataract.  It  has  been  used  in  the  preparation  of  an  Italian  cosmetic,  whence  the 
specific  name — Belladonna  (*^e  lady').  The  active  principle  of  this  plant  is  an 
aUtaloid  called  atropine  or  atropia, 

BXUEi-MXTAlb.  An  alloy  of  copper  and  tin.  The  proportions  of  these  con- 
stituents yary  within  certain  limits.  The  older  bell-founders  appear  to  have  aimed 
at  producing  an  alloy  of  3  parts  of  copper  to  1  of  tin ;  these  proportions  yield  a  metal 
of  high  density — a  good  casting  haying  a  specific  grayity  of  8*9,  or  equal  to  that  of 
the  unalloyed  copper — but  rather  too  brittle  to  be  used  for  large  bells.  An  alloy  of 
3|  of  copper  to  1  of  tin  has  been  largely  employed,  and  being  easy  to  tune  is  a 
fayourite  metal  with  bell-founders.  When  4  of  copper  to  1  of  tin  is  used,  a  soft  alloy 
is  obtained,  such  as  is  ordinarily  used  for  small  house-bells.  The  large  bells  in  the 
New  Houses  of  Parliament  at  Westminster  were  cast  in  an  alloy  of  22  of  copper  to 
7  of  tin ;  but  Mr.  Denison,  who  superintended  the  construction  of  these  bells,  has  since 
suggested  that  the  ratio  of  13  to  4,  or  8  j^  parts  of  copper  to  1  of  tin,  would  probably  form 
a  better  alloy,  since  these  proportions  exactly  represent  6  equivalents  of  copper  to  1  of 
tin.  Such  an  alloy,  being  a  oefinite  compound,  with  its  constituents  in  atomic  propor- 
tions, would  be  more  likely  to  remain  homogeneous  throughout — ^the  component  metals 
haying  less  tendency  to  separate  firom  each  other  during  the  cooling  of  tJie  molten 
mass.  '  I  should  now,'  says  Mr.  Denison,  speaking  after  his  experience  of  the  Westx 
minster  bells,  '  require  large  bells  to  be  of  tJiis  76*6  copper  to  23*6  tin,  or  Cu*Sn  ; 
and  they  shoidd  then  be  reiectcd  as  unhomogenoous  if  any  part  of  the  bell  is  proved  to 
be  beyond  the  limits  of  either  77  per  cent,  of  copper  or  23  of  tin.* 

In  addition  to  the  two  chief  constituents  of  bell-metal,  small  quantities  of  other 
metals  have  occasionally  been  introduced  into  the  alloy,  but  apparently  without  any 
decided  advantage.  Thus  some  celebrated  old  bells  contain  a  small  proportion  of 
antimony — Old  Tom  of  Lincoln  containing  about  *03  per  cent.  The  use  of  silver  has 
also  been  recommended,  but  seems  unwarranted. 

An  alloy  of  cast-iron  and  tin,  called  *  Stirling's  Union  Metal,'  has  been  employed 
for  bells ;  but,  though  emitting  a  fair  sound,  is  far  inferior  to  ordinary  bell-metal. 
The  same  remark  applies  to  cast-steel  bells.    See  Bronzb  and  Coffeb. 

8aXi&*MaTAlb  OXa,  or  Stannine;  a  sulphide  \>f  tin,  copper,  and  iron« 
{Stain  wulphurSt^  Haiiy;  Zinnkies^  Hausmann.) 

The  composition  of  the  ordinary  variety  of  this  ore  is — 

Copper 30*0 

Iron       . 12*0 

Tin 26*6 

Sulphur .  80'6 

90*0 

It  was  found  in  many  of  the  Cornish  mines,  and  espedally  at  Cam  Brea,  bnt  is  now 
rare. 

See  MBTAlLtTHOT. 

I.  Church  bells  are  said  to  have  been  originated  in  Italy ;  but  bells  were  cer- 
tainly cast  at  a  very  early  period  in  the  East.  They  were  evident^  used  by  the  ancient 
Egyptians,  and  at  a  very  early  date  amongst  the  Chinese.  All  the  more  celebrated 
beUs  are  manufactured  of  bronze,  or  bell-metal  (these  aUqys  are  described  under  their 
respective  heads). 
The  following  are  the  weights  of  a  few  of  the  largest  bolls : — 

lbs. 

The  great  bell  of  Moscow •448,772 

The  bell  of  St  Ivan 127,836 

Another  bell  in  the  same  city 89,827 

Ditto      ditto,       cast  in  1819        .        .        «        .    112,000 
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Ibf. 

.  The  bell  in  Uie  cathedral,  Fftris      ....  88,800 

Ditto                     ditto      Vienna    ....  39,648 

The  bell  in  the  church  at  Erfurt     ....  80,800 

Great  Tom  of  Oxford 17,000 

Ditto               Lincoln 9,894 

The  bell  of  St  Paul's,  London         ....  8,400 

Big  Ben  of  Westminster,  London    «        •        •        »  80,852 

The  Big  Ben  of  the  Kew  Houses  of  Plarliament  iras  designed  by  Mr.  Denison,  Q.C., 
who  undertook  all  the  responsibility  of  its  construction,  except  the  casting.  The 
metal,  as  ab^Mtdj  stated,  was  an  alloj  of  22  parts  of  copper  to  7  of  tin.  The  original 
bell  was  cast  on  August  6,  1856,  bj  Messrs.  Warner,  at  Norton,  near  Stockton-on- 
Tees.  It  was  thicker  than  the  prescribed  pattern,  and  exceeded  the  intended  weight 
bj  2  cwt.  Moreover,  the  casting  was  defectiye,  and  when  the  bell  was  subsequently 
broken  up,  a  natural  crack,  18  inches  long,  was  found  in  the  sound-bow.  Li  order  to 
bring  out  the  full  sound,  a  clapper  of  13  cwt.  was  required,  and  the  bell  was  conse- 
quently cracked  within  a  year  after  it  had  been  cast. 

On  April  10,  1858,  Big  Ben  was  recast,  with  certain  alterations  of  shape,  by 
Mr.  Mears.  Soon  after  it  had  been  pla(^  in  the  clock-tower  it  was  found  that  this 
pecond  casting  was  much  more  defectiye  than  the  first — ^the  metal  exhibiting  a  number 
of  su]perficial  cayitaes  and  still  more  internal  blisters.  Dr.  Fercjr  and  F^.  Tyndall 
were  instructed  to  report  officially  on  the  bell.  It  was  found  that  instead  of  containing 
22  of  copper  to  7  of  tin,  as  required  by  contract,  two  fragmento  from  the  sound-bow 
contained  respediyely  19'4  of  copper  to  7  of  tin,  and  19*9  copper  to  7  tin ;  whilst  a 
sample  taken  from  the  top  yields  22*3  of  copper  to  7  of  tin.  Thus,  in  addition  to 
the  porous  structure  of  the  casting,  the  alloy  was  far  from  being  uniform  throughout, 
and  the  lower  part— which  is,  of  course,  the  most  important  part  of  a  bell — ^was  harder 
and  more  brittle  than  the  specified  alloy.  Both  castings,  therefore,  were  decided 
&ilures. 

With  regard  to  the  general  form  of  bells,  Mr.  Denison  made  the  following  remadcB 
in  a  lecture  at  the  Boyal  Institution : — 

*  Now,  from  these  and  other  experimento,  I  have  come  to  the  conclusion  that  bells 
of  the  common  and  well-known  shape,  with  a  thick  lip  or  sound-bow,  are  the  most 
effectiye  known  instrumente  for  producing  a  loud  and  musi(»l  sound,  such  as  you 
want  when  you  erect  a  large  public  clock,  or  put  up  a  peal  of  church  bells.  And  I 
confess,  also,  that  after  tzying,  at  Messrs.  Warners',  a  number  of  experimento  with 
bells  of  the  usual  general  form,  but  with  yarious  deviation  in  the  d^nils,  I  am  equaUy 
satisfied  that  there  is  nothing  to  be  gained  by  deviating  materially  from  the  esta- 
blished proportions  of  the  best  old  bells.  And  I  think  it  is  some  oonfirmation  of  my 
views  to  tell  vou  that  Professor  Wheatetone,  having  been  commissioned  by  the  Board 
of  Works  with  Sir  0.  Barry,  on  his  own  suggestion,  to  collect  information  at  the  lato 
Paris  Exhibition  respecting  the  most  esteemed  chimes  in  France  and  Belgium,  and 
whether  there  are  in  those  countries  makers  acquainted  with  the  traditions  of  the  art» 
or  who  have  applied  the  di9coveries  of  science  to  the  improvement  of  bells,  or  to 
efficient  subetiiutee  for  them,  has  come  back  with  the  conclusion  that  no  such  efficient 
substitutes  have  been  discovered ;  nor  is  there  any  known  improvement  on  the  esta- 
blished mode  and  materials  for  casting  them.  Sir  C.  Barry  and  he,  indeed,  seem  to 
have  been  rather  impressed  with  the  merito  of  the  cast-steel  bells,  which  you  have 
seen  noticed  in  the  newspapers.  I  have  not  heard  them  myself,  but  I  have  heard 
such  condemnation  of  theu  harshness  of  sound  from  other  persons,  of  probably  more 
experience  in  such  matters,  that  I  do  not  the  least  believe  in  their  being  received 
generally  as  an  efficient  (though  they  may  be  a  cheap)  substitute  for  the  more 
expensive  compound  of  copper  and  tin ;  and,  on  the  whole,  that  seems  to  be  Pro- 
fessor Wheatotone's  opinion  also.' 

BaiTOAXi  8TSZVB8.  (Hnghams ;  a  kind  of  cotton  doth  woven  with  coloured 
stripes,  sa  called  from  the  cottons  which  we  formerly  imported  from  BengaL 

88 Jr  W1IT8.  (Noix  de  ben,  Fr. ;  Salbnuese,  Ger.)  The  tree  whidi  furmshes 
these  nute  is  the  GuilantUna  moringa  of  Linnseus,  a  native  of  India,  Ceylon,  Arabia, 
and  £gypt. 

MMK  OX&.  The  dl  of  ben,  which  may  be  obtained  from  the  decorticated  nuts,  it 
said  to  be  four  less  liable  than  other  oils  to  become  randd,  and  hence  it  is  much 
used  by  watchmakers.  At  a  low  temperature,  the  oil  of  ben  separates  into  two 
parte — one  solid  and  one  fluid ;  the  latter  only  is  used  for  watch-work.  At  one  time 
oil  of  ben  was  employed  as  a  base  for  the  enfieurage  process  of  making  perfumed 
oils  from  flowers  m  uie  south  of  France,  brought  thence  from  the  Levant,  but  from 
0ome  Qoknown  reason  it  has  long  since  ceased  to  be  imported,  and  oil  of  ben  is  now 
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a  ToiT  rare  article  of  commerce.  An  attempt  has  been  made  in  Jamaica,  by  Mr. 
Kemble,  to  raise  the  moringa  for  the  sake  of  this  oil,  but  the  samples  there  produced 
remained  a  perfectly  solid  fat  in  England  throughout  the  whole  year. — S.P. 

WMKKmxWM.  An  alkali,  discovered  by  Zinin,  in  acting  "with  reducing  agents 
on  arxobenzide  and  azoxibenadde. — C.6.W. 

Bawun.    See  Benzole. 

MMMZOZC  ACZB.  C>^H*0^  (O^BH>*).  This  acid  may  be  obtained  by  pladng 
benzoin  powdered,  with  sand,  in  an  evaporating  basin,  and  above  it  a  paper  cap ;  on 
applying  heat  caref^y  to  the  sand,  acid  vapours  arise  &om  the  resin,  and  tliey  are 
deposited  in  the  form  of  fine  light  crystals  within  the  paper  cap.  Stolze  recommends 
the  following  process  for  extracting  the  acid : — ^The  resin  is  to  be  dissolved  in  three 
parts  of  alcohol,  the  solution  is  to  be  introduced  into  a  retort,  and  a  solution  of  car- 
bonate of  soda  dissolved  in  dilute  alcohol  is  to  be  gradually  added  to  it,  till  the  free 
acid  be  neutralised ;  and  then  a  bulk  of  water  equal  to  double  the  weight  of  the  benzoin 
is  to  be  poured  in.  The  aloohol  being  drawn  off  by  distillation,  the  remaining  liquor 
contains  the  acid,  and  the  resin  floating  upon  it  maybe  skimmed  off  and  washed,  when 
its  weight  will  be  found  to  amoxmt  to  about  80  per  cent  of  the  raw  material. 

Benzoic  acid  is  also  obtained  by  boiling  hippuric  add,  or  the  urine  of  cows  or 
horses  which  contains  this  acid,  with  hydrodiloric  acid. 

sawzoxv,  or  savjAMnr.  (Smjoin,  Er. ;  Benzoe,  Ger.)  A  species  of  resin, 
used  chiefly  in  perfdmery ;  improperly  <»lled  a  gum,  since  it  is  quite  insoluble  in 
water.  It  is  extracted  by  incision  from  the  trunk  and  branches  of  the  Styrax  benzoin, 
or  LUhocarpua  benzoin,  which  grows  in  Java,  Sumatra,  Santa  Pe,  and  in  the  kingdom 
of  Siam.  The  plant  belongs  to  the  natural  fEimily  of  the  Styraeacem,  The  benzoin 
flows  in  small  quantities  sycntaneously  from  the  trees ;  but  it  is  collected  by  making 
incisions  in  the  stem,  just  below  where  the  branches  are  given  ofi^  as  soon  as  the  tree 
has  attained  an  age  of  five  or  six  years.  These  incisions  are  repeated  each  year 
for  about  twelve  years,  when  the  tree  becomes  exhausted.  The  resin  flews  out  as 
a  white  fluid.  It  hardens  readily  in  the  air,  and  comes  to  us  in  brittle  masses,  whose 
fracture  presents  a  mixture  of  red,  brown,  and  white  grains  of  various  sizes,  which, 
when  wmte,  and  of  a  certain  shape,  have  been  called  amygdaloid,  from  their  resem- 
blance to  almonds.  The  benzoe  in  sortie  is  very  impure,  containing  portions  of  wood 
and  bark. 

The  fracture  of  benzoin  is  oonchoidal,  and  its  lustre  greainr ;  its  speciflc  gravity 
varies  from  1*063  to  1*092.  It  has  an  agreeable  smell,  somewhat  like  vanilla,  which 
is  most  manifest  when  it  is  ground.  It  enters  into  fusion  at  a  gentle  heat,  and  then 
exhales  a  white  smoke,  which  may  be  condensed  into  the  adcular  crystals  of  benzoic 
acid,  of  which  it  contains  18  parts  in  the  hundred.  Ether  does  not  dissolve  benzoin 
completely.    The  &t  and  volatile  oils  dissolve  very  little  of  it. 

Unverdorben  has  found  in  benzoin,  besides  benzoic  add  and  a  little  volatile  oil,  no 
less  than  three  different  kinds  of  resin,  none  of  which  has,  however,  been  turned,  as 
yet,  to  any  use  in  the  arts. 

Benzoin  is  prindpally  u^ed  in  perfumery ;  it  enters  into  a  number  of  preparations, 
among  which  may  be  mentioned  fumigating  pastilles,  ftunigating  doves  (odled  also 
nails),  poudre  ii  la  marichale,  &c  l£e  akoholic  tincture,  mixed  with  20  parts  of 
rose-water,  forms  the  cosmetic  virginai  milk.  Benzoin  enters  also  into  the  composi- 
tion of  certain  varnishes  employed  for  snuff-boxes  and  walking-sticks,  in  order  to 
give  these  objects  an  agreeable  smell  when  they  become  heated  in  the  hand.  It  is 
added  to  the  spirituous  solution  of  isinglass,  with  which  court-plaster  is  made. 

MWan/OltMm  8vn,  Benzine,  benzene,  benzol,  hydruret  of  phenyl,  C"H*  (C*K«). 
A  compound  of  carbon  and  hydrogen  discovered  by  Faraday  in  the  products  of  the 
destructive  distillation  of  whale-oU.  The  more  volatile  portion  of  coal-naphtha  has 
been  shown  by  Mansfleld  to  consist  chiefly  of  this  substance.  It  is  produced  in  a 
great  number  of  reactions  in  which  organic  bodies  are  exposed  to  high  temperatures. 
It  may  at  once  be  obtained  in  a  state  of  purity  by  distilling  benzoic  add  with  excess 
of  quicklime.  The  lime  acts  by  removing  two  atoms  of  carbonic  add  from  the 
benzoic  add.  The  method  of  obtaining  benzole  from  coal-naphtha  will  be  found  fully 
described  under  the  head  of  Naphtha,  Coal.  Benzole  is  also  contained  in  considerable 
quantity  in  bone-oil ;  but  it  is  accompanied  by  i)eculiar  nitrogenised  volatile  fluids, 
which  are  difficult  of  removal.  The  latter,  owing  to  their  powerfiil  and  fetid  odour, 
greatly  ii^ure  the  quality  of  tiie  bone-oil  benzole.  Benzole  is  an  exceedingly  volatile 
fluid,  bdhng  at  ormnary  pressures  at  187**  F.  Its  density  is  0*860.  Owing  to  the 
levity  of  benzole  being  regarded  by  manufacturers  as  a  proof  of  its  purity,  it  is  not 
uncommon  to  flnd  it  adulterated  with  the  naphtha  from  the  Torbanenill  mineral,  or 
Boghead  coal,  which  has  a  density  as  low  as  0*760.  Any  benzole  having  a  lower 
density  Ihan  0*860  is  impure.  Benzole  is  excessively  inflammable,  and  its  vapour 
mixed  with  air  is  explosive.  Numerous  lives  have  bee»  lost  oving  to  these  properties 
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among  thorn  that  of  Mr.  Mansfield,  to  whom  we  are  indebted  for  an  exoellont  in- 
vestigation on  coal-naphtha.  Benzole  is  greatly  used  in  commerce,  owing  to  its 
valuable  solvent  properties.  It  dissolves  caoutchouc  and  gutta-percha  readily,  and, 
on  evaporation,  leaves  them  in  a  state  well  adapted  for  waterproofing  and  many  other 
purposes.  Its  power  of  dissolving  ^tty,  oily,  and  other  greasy  matters,  has  caused 
It  to  become  an  article  of  commerce  under  the  name  of  benroline.  It  readily  extracts 
grease  even  from  the  most  delicate  fabrics,  and,  as  it  soon,  on  exposure  to  the  air, 
evaporates  totally  away,  no  odour  remains  to  betrav  the  fact  of  its  having  been  used. 
It  dissolves  readily  in  very  strong  nitric  add,  and,  on  the  addition  of  water,  it  is 
precipitated  as  a  heavy  oil,  having  the  composition  C^'H^NO^  (C^B^O').  The  latter 
compound  is  nitrobenzole ;  it  is  regarded  as  benzole  in  which  one  atom  of  hydrogen  is 
replaced  by  hyponitnc  add.  Nitrobenzole,  in  a  state  of  tolerable  purity,  is  a  pale- 
ydlow  oil,  having  a  sweetish  taste,  and  an  odour  grwitly  resembling  bitter  almonds. 
Owing  to  its  comparative  cheapness,  it  is  employed  in  perfumery.  Nitxobenzole  can 
be  prepared  with  nitric  add  of  moderate  strength,  such  as  is  CKrainarily  obtained  in 
oommeroe ;  but  it  then  becomes  necessary  to  distil  the  add  and  the  hydrocarbon 
together  several  times.  The  product  so  obtained  is  darker  in  colour,  and  in  other 
respects  inferior  to  that  obtained  with  highly  concentrated  add.  By  treatment  with 
acetate  of  protoxide  of  iron,  nitrobenzole  becomes  transformed  into  aniline.  This 
change  may  be  effected,  but  far  less  conveniently,  by  meftns  of  sulphide  of  ammonium. 
Benzole  is  extremely  valuable  in  many  operations  of  manu&otoring  chemistry.  It 
dissolves  sevezal  alkaloids,  and,  on  evaporation,  leaves  thran  in  a  state  of  purity.  It 
dissolves  quinine,  but  not  dnchonine,  and  may  therefore  be  employed  as  a  means  of 
separation.  Morphia  and  stivdinine  are  also  dissolved  by  it,  but  not  in  great  quan- 
tity. To  obtain  many  natural  alkaloids  existing  in  plants,  it  is  merely  necessary  to 
digest  the  drv  extract  with  caustic  potash  and  then  with  benzole.  The  latter  is  to  be 
decanted,  and  then  distilled  off  on  a  water-bath.  The  alkaloid  will  be  loft  behind  in 
a  state  well  adapted  for  crystallisation  or  other  means  of  purification.  Benzole  is 
becoming  moch  used  as  a  solvent  in  researches  in  organic  chemistry.  Many  sub- 
stances, such  as  chrysene  and  bichloride  of  naphthaline,  crystallise  better  from  benzole 
than  from  any  other  solvent. 

Benzole  may  be  emploved  in  many  ways  for  illuminating  purposes.  It  is  so  easily 
inflamed  that  great  care  is  necessary  in  using  it.  It  does  not  require  a  wick  to  enable 
it  to  bum.  If  poured,  even  on  an  uninflammable  sur&ce  and  a  light  be  applied,  it  takes 
fire  like  a  train  of  gunpowder,  and  bums  with  a  brilliant  flame,  emitting  dense  douds 
of  smoke,  which,  soon  condensing  into  soot,  presently  fall  in  a  shower  of  blacks.  Even 
on  the  sur&ce  oif  water  it  burns  as  freely  as  anywhere  else.  If  a  drachm  or  two  be 
poured  on  water  contained  in  a  pan,  and  a  pellet  of  potassium  be  thrown  in,  the  ben- 
zole inflames,  and  rises  in  a  column  of  flame  of  considerable  height.  A  method  of 
destroying  enemies'  shipping  has  been  founded  on  this  prindple.  In  consequence  of 
the  smoky  nature  of  the  fliune  of  benzole  (caused  by  the  comparatively  Is^or  per- 
centage of  carbon),  it  is  often  convenient  to  bum  a  mixture  of  one  volume  of 
benzole  and  two  volumes  of  alcohol.  A  stream  of  ur  driven  through  benzole 
becomes  so  inflammable  as  to  serve  for  the  purposes  of  illumination.  For  this  mode 
of  usin^  the  hydrocarbon,  it  should  be  kept  slightly  warm  to  assist  its  vaporisation. 
A  machine  on  this  prindple,  of  American  invention,  has  been  employed  to  illuminate 
houses.  The  air  is  driven  through  the  benzole  by  a  very  simple  contrivance,  the 
motive  power  being  a  descending  weight.    See  Gas,  Am. 

When  quite  pure,  benzole  freezes  at  32^  to  a  beautiful  snow-white  substance,  resem- 
bling camphor.  The  mass  retains  the  solid  form  until  a  temperature  of  40°  or  41^  is 
reached.  This  proper^  of  solidifying  under  the  influence  of  cold  may  be  made 
use  of  to  produce  pure  benzole  from  the  more  volatile  portion  of  coal-naphtha.  To 
obUun  it  perfectly  pure,  it  should  be  frozen  at  least  three  times,  the  portion  not 
solidifying  bdng  removed  by  filtration  through  calico.  The  unfrozen  portion  con- 
tains hydrocarbons,  homologous  with  olefiant  gas. 

Benzole  dissolves  free  iodine  and  bromine,  and  has  even  been  used  in  analysis  to 
separate  them  firom  kelp  and  other  substances  containing  them.  They  must  of  course 
be  set  £ree  before  acting  with  the  hydrocarbon.  The  presence  of  benzole  in  mixtures 
may  easily  be  demonstrated,  even  when  present  in  very  small  quantity,  by  converting 
it  into  aniline,  and  obtaining  the  characteristic  reaction  with  chloride  of  lime.  For 
this  purpose  ihe  mixture  is  to  be  dissolved  in  concentrated  nitric  add  and  the  nitro- 
benzole predpitatod  by  water.  The  fiuid  is  then  agitated  with  ether,  which  dissolves 
the  nitro-compound.  The  ethereal  solution  is  mixed  with  an  equal  bulk  of  alcohol  and 
hydrochloric  add :  a  little  granulated  zinc  being  added,  hydrogen  is  evolved,  and,  by 
acting  in  a  nascent  state  on  the  nitro-compound,  reduces  it  to  the  state  of  aniline.  The 
base  is  then  to  be  separated  by  an  excess  of  potash,  and  the  alkaline  fiuid  is  shaken 
with  ether  to  dissolve  the  base.    The  ethereal  fluid  being  evaporated,  leaves  the  aniline. 
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On  addiDff  water  and  then  a  fow  drops  of  solution  of  chloride  of  lime,  the  purple 
colour  indicatire  of  aniline  is  immediately  produced. — Hofmann,  The  imter  (^  this 
article  has  by  this  process  detected  minute  traces  of  benzole  in  mixtures  consisting 
almost  entirely  of  homologues  of  olefiant  gas. — C.  G.  W. 

BSVZOluarB.    See^smoLB. 

BSBCkaiKOT.  {BergamoUe,  Fr.)  The  Citrus  berffomta,  a  citron  cultiTated  in  the 
centre  and  south  of  Europe.  By  distilktion  from  the  rind  of  the  fruit  is  obtained 
the  well-known  essence  of  bergamot    See  Oils,  Essbmtial. 

The  ottoes,  or  essential  oils,  from  fruits  such  as  the  bergamot,  the  lemon,  and  tha 
orange,  may  all  be  procured  by  distillation,  but  these  products  thus  procured  are  not 
Talued  by  the  mannf&cturing  perfumer  so  much  as  when  they  are  obtained  by  rasp^ 
ing  the  peel  of  the  fruit  and  collecting  the  essence  thus  disengaged,  and  Anally  filtering. 
Tlie  rasps  employed  for  this  purpose  are  hollow  cones  filled  with  spikes,  in  which  the 
fruit  is  dexterously  revolved  by  hand.  All  essences  that  are  distilled  are  modified 
in  their  composition  by  the  presence  of  the  watery  vapour  and  high  temperature. 
— S.  P. 

Beboaxot.  a  coarse  tapestiy,  said  to  have  been  invented  at  Bergamo,  in  Italy, 
made  of  ox  and  goats'  hair,  with  cotton  or  hemp. 

BMlbiy  w3u£LOMm  A  black  varnish,  diying  with  almost  a  dead  sur&ce,  used 
for  coating  the  better  kinds  of  iron-ware. 

MWOKLXK  MUJMm    A  fine  variety  of  the  Prussian  Blue. 

BWITify  OAMTTKQBm  Delicate  ornamental  objects  cast  in  a  very  fiuid  iron^ 
smelted  from  boe-ores,  and  containing  much  phosphorus.  These  castings  were 
formerly  imported  from  Prussia,  and  used  for  personal  decoration. 

MMBMTm  The  term  is  conmionly  applied,  not  only  to  small  fruit,  but  in  some  cases 
to  seeds.  The  following  is  Professor  Lindley's  definition  of  a  berry : — '  A  succulent, 
or  pulpy  fruit  containing  naked  seeds,  or,  in  more  technical  language,  a  succulent  or 
pulpy  pericarp,  or  seed-vessel  without  valves,  containing  several  seeds,  which  are 
naked,  that  is,  which  have  no  covering  but  the  pulp  and  rind.  It  is  cominonly  round 
or  oval.  But  in  popular  language,  b^ry  extends  only  to  smaller  fruits,  as  strawberry, 
gooseberrv,  &c.,  containing  seeds  or  granules.  An  indehiscent  pulpy  pericarp,  many- 
celled  and  many-seeded ;  3ie  attachment  of  Uie  seeds  lost  at  maturity,  and  the  seeds 
remaining  scattered  in  the  pulp.' 

Berries  are  used  in  some  of  the  pvooesses  of  manu&cture,  but  they  are  not  of  much 
importance. 

Bay  Berries, — ^Hie  frnit  of  the  Zaurue  nobilis,  or  the  sweet  bay.  Both  the  leaves 
and  the  firuit  are  employed  as  flavourings.  A  volatile  oil,  the  oU  of  sweet  bay,  is 
obtained  by  distillation  with  water;  and  a  fixed  oil,  by  bruising  the  berries,  and 
boiling  them  for  some  hours  in  water;  this  oil,  called  also  Lattrd  fat,  is  imported 
from  Italy.    See  Bats,  Oil  of. 

Turkey  Yellow  Berries, — ^The  unripe  fruit  of  the  Bhanmus  iigfeetorious.  They  are 
used  in  ^Uco-printing,  producing  a  uvely  but  fugitive  vellow  colour* 

Persian  Ydtow  Berries, — ^These  are  said  to  be  proauced  by  the  same  species  of 
plant ;  but  the  colour  is  considered  more  permanent,  and  they  fetch  higher  prices. 

Berries  of  Avignon, — ^Another  name  given  to  the  Turkey  and  Persian  berries. 

Juniper  Berries, — The  fruit  of  the  jimiperus  communis.  Thej  are  chiefiy  used  for 
fiavounng  gin  and  some  spirituous  cordials,  and  in  the  preparation  of  some  pharma- 
ceutical articles,  as  the  oil  of  juniper  and  the  compound  spirits  of  juniper. 

Bear  Berry, — The  fruit  of  the  Uva  ursi.    The  leaves  only  are  used  medicinally. 

Myrobolans, — The  fruit  of  a  tree  which  crows  in  India.  It  has  a  pale-yellow  colour 
when  new,  but  becomes  darker  by  age,  and  then  resembles  dried  plums.  It  contains 
tannin,  and  has  hence  been  used  in  dyeing.    See  Juxopeb  Bbrbibs,  &c 

In  1871  we  imported  of  Myrobolans  146,450  cwt,  of  the  value  of  100,695/. 

BXBTBOIABTZ  A.  A  plant  of  the  natural  order  Leeytkidea,  The  BerthoUetia 
exeelsa  is  a  tree  of  large  dimensions,  forming  extensive  forests  on  the  banks  of 
the  Orinoco.  The  Portuguese  of  Para  have  for  a  long  time  driven  a  great  trade  with 
the  nuts  of  this  tree,  which  the  natives  call  /ittno,  and  the  Spaniards  Almendron. 
They  send  cargoes  to  French  Ouiana,  whence  they  are  shipped  for  England  and 
Lisbon.  These  are  the  common  Brazil  Npts.  The  kernels  yield  a  large  quantity  of 
oil  well  suited  for  lamps. — Humboldt  and  Bonpland, 

BSBT&.  {Bhril,  Fr.;  Beryll,  Ger.';  Berillo,  Ital.)  A  beautiful  mineral  or 
gem,  usually  of  a  green  colour  of  various  shades,  passing  into  honey-yellow  and 
sky-blue. 

Beryl  and  emerald  are  varieties  of  the  same  species,  the  latter  including  the  rich 
green  transparent  specimens  which  probably  owe  their  colour  to  oxide  of  chrome ; 
tiie  former  those  of  other  colours  produced  by  oxide  of  iron.  Gmelin  gives  the 
composition  of  a  Swedish  beryl  as: — 

s2 
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ffilica «9'70 

Al'^Tninft     •  •  •  •  •  •  •  •  •      16'88 

Glndna 18*39 

Peroxide  of  iron 0*24 

'Beryls  of  gigantic  size  have  been  found  in  the  United  States,  at  Acworth  and 
Grafton,  New  Hampehire,  and  Koj^ton,  Mass,  One  beiyl  from  Grafton  weighs 
2,900  lbs ;  it  is  32  inches  through  in  one  direction,  and  22  in  another  transverse,  and 
is  4  feet  8  inches  long.  Another  cirstal  from  this  locality,  according  to  Professor 
Hubbard,  measures  45  inches  by  24  m  its  diameters,  and  a  single  foot  in  length ;  by 
calculation,  weighs  1,076  lbs.,  making  it,  in  all,  nearly  2J  tons.  At  Eoyalston,  one 
crystal  exceeded  a  foot  in  length.'— I^ana.    See  Emkhat.p. 

Some  of  the  natural  crystals  of  phosphate  of  lime,  or  apatite,  were  formerly  taken 
for  beryls,  and  called  the  Saxony  heryU 

BBSSannot  vmocaSS.  A  process  for  making  steel,  inyented  by  Mr.  Henry 
Bessemer.    See  Strkl. 

BBTSb.  A  compound,  in  universal  use  in  the  East,  consisting  of  the  leaf  of  the 
betel-pepper,  with  the  betel-nut,  a  little  catechu,  and  some  chunam  (lime  obtained  by 
ffllfqmng  shells).  This  is  almost  universally  used  throughout  central  and  tropicid 
Asia;  t£e  people  are  unceasingly  masticating  the  betel.  The  leaf  of  the  pepper  vine 
{Chc^vica  hetd)  is  extensively  cultivated  throughout  tropical  Asia,  and  forms  a  large 
article  of  Eastern  traffic    SeePEPFEs;  Bbtel. 

BBTBab-mr,  or  Anea,  The  fruit  of  the  Areca  catechu,  which  is  eaten  both 
in  its  ripe  and  its  imripe  state.  A  tooth-powder  used  in  this  country  is  prepared  by 
charring  the  areca  nut,  and  is  sold  as  *  areca-nut  charcoal.' 

BBTO W.  The  French  name  for  concrete.  Self-slaked  hydraulic  lime  is  mixed  with 
sand,  and  when  the  mixture  is  comi^te  it  is  beaten  up  with  the  ballast  See  Concbbtk. 

BBVniX*  A  mining  term,  signifying  a  living  stream*  It  is  applied  by  the  tin- 
miners  to  any  portion  of  a  lode  or  of  the  tS^  which  is  impregnated  with  tin. 

BBZOJkX.  (The  most  probable  etymology  of  the  word  is  from  the  Persian  Fad- 
sahr,  t.  e,  expelling  poison. — Penny  Cvolcpa£a,)  A  concretion  found  in  the  stomach 
of  animals  of  the  goat  kind ;  it  is  saia  to  be  especially  produced  by  the  Ct^a  gazdla. 
^e  finest  bezoar  is  brought  to  India  from  Borneo  and  the  shores  of  the  Persian 
Gulf;  the  Cafra  JEgagrue,  or  wild-goat  of  Persia,  producing  this  concretion,  which 
by  way  of  eminence  was  called  the  Lapis  bezoar  orientalis.  The  bezoars,  which 
were  supposed  to  cure  all  diseases,  have  been  found  by  the  analyses  of  Fourcroy  and 
YauqueUn,  and  of  Proust,  to  be  nothing  more  than  some  portions  of  the  food  of  the 
animal  agglutinated  into  a  ball  with  phosphate  of  lime. 

Fossil  bezoars  are  found  in  Sicily,  in  sand  and  day  pits.  They  are  concretions 
of  a  purple  colour  around  some,  usuedly  organic,  body,  and  of  the  size  of  a  walnut. 
Fossil  bezoar  is  sometimes  called  Sicilian  earth, 

Bezoar  Mineral, — ^An  old  preparation  of  the  oxide  of  antiihony. 

BWAWik    SeeBANO. 

BZAVOO-SBOCO.  A  carefully  slaked  lime,  mixed  with  powdered  marble,  em- 
ployed in  fresco-painting. 

BYBTBiU'  and  BZBIBZVB.    See  Gbebnheabt  Tbbb. 

BZCABBOWATB8.  The  ordinary  carbonates  of  potash  and  soda  have  a  strong 
alkaline  reaction  and  caustic  taste,  making  them  unfit  for  many  purposes  where  a 
soluble  carbonate  is  required.  Moreover,,  there  are  many  uses  to  which  they  are 
applied,  rendering  it  desirable  that  as  large  an  amount  of  gas  as  possible  should  be 
given  off  on  the  addition  of  a  stronger  acid. 

^  Bicarbonate  of  Potashm — There  are  several  modes  of  converting  the  carbonate  into 
bicarbonate.  The  most  economical  is  by  exposing  the  salt  to  a  current  of  carbonic 
add.  For  this  purpose  some  manu&cturers  place  it,  slightly  moistened,  on  stcmewaro 
trays,  and  allow  the  vapours  of  burning  coke  to  travel  slowly  over  it.  The  sources 
of  the  gas  used  in  this  manufacture  will  vary  according  to  the  locality  in  which  it  is 
undertaken.  It  is  not  unusual  to  produce  it  by  the  action  of  sulphuric  acid  on  lime- 
stone. The  gas  generated  in  fermentation  has  been  emploved,  and  even  that  which 
in  some  places  issues  from  the  earth.  The  bicarbonate  of  potash  is  far  less  soluble 
than  the  carbonate,  as  it  requires  four  parts  of  cold  water  for  solution,  whereas  the 
carbonate  dissolves  in  0*9  of  its  weight  of  water  at  64^  F.  Consequently,  if  a  strong 
solution  is  saturated  with  carbonic  add,  the  bicarbonate  crystallises  out.  When 
common  pearl-ashes  are  dissolved  in  water,  and  the  gas  is  passed  in,  a  large  quantity 
of  a  white  predpitate  is  often  thrown  down ;  it  consists  diiefiy  of  silica,  but  often 
contains  alumina  and  other  mattera.  Considerable  heat  is  developed  when  moistened 
carbonate  of  potash  is  exposed  to  a  current  ai  carbonic  acid  gas.  When  carbonate  of 
potash  is  dissolved  in  water,  and  gradually  treated  with'  acetic  add,  so  as  to  form 
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acetate  of  potash,  by  no  means  the  whole  of  the  carbonic  add  is  expelled,  and  a  point 
is  airiyod  at  when  a  considerable  quantity  of  crystals  is  deposited ;  they  consist  of 
Toiy  pure  bicarbonate  of  potash.  JLn  making  acetate  of  potasn  on  the  large  scale,  the 
qnanuty  of  crystalline  pecipitate  obtained  in  this  manner  is  sometimes  very  large. 
Bicarbonate  of  potash  is  usually  tolerably  pure.  If  well  crystallised,  all  the  im- 
purities remain  m  the  mother-liquor,  and  on  heating  to  redness  almost  exactly  the 
tbeoretical  amount  of  residue  is  left,  viz.  69*05  per  cent.  Crystallised  bicarbonate 
of  potash  always  contains  one  atom  of  water,  its  formula  being  £0,  2C0'  +  H0 
(MMOO*). 

Bicarbonate  of  /Sbc2a.— This  salt  is  obtained  by  the  same  methods  as  the  salt  of 
potash.  The  crystals  have  a  corresponding  formula  to  the  potash  salt ;  namely,  KaO, 
200*  + HO  (WaXOO*).  It  requires  about  18  parts  of  water  at  60^  to  dissolve  it. 
When  pure,  100  parts  leave  68-18  of  NaO,CO«  (Wa^OO*),  on  ignition. 

I^e  bicarbonates  of  potash  and  soda  lose  carbonic  add  by  the  boiling  of  an  aqueous 
solution. 

Many  chemists  regard  carbonic  add  as  being  bibasic,  the  true  fbrmula  bdng  C*0^ 
instead  of  00'.  This  view  is  probably  the  correct  one,  and  it  explains  why  the  bicar- 
bonates are  neutral  instead  of  add  salts,  lioreover,  C'O^  corresponds  to  4  volumes, 
like  organic  substances  generally ;  whereas,  if  we  assume  CO'  as  one  atom  of  the  gas, 
we  are  complied  to  admit  a  2-volum6  formula.  This  view  has,  however,  been  con- 
siderably modified  by  our  modem  theoretical  chemists. 

8XOB.  A  light  blue  colour  prepared  from  smalt.  There  is  a  gre^n  bice  prepared 
by  miziiig  some  yellow  orpiment  with  smalt. 

VXDMMLYm  An  Indian  alloy  of  considerable  interest,  named  Bideiy,  from  Bider,  a 
dty  N.E.  of  Hyderabad.  Many  artades  are  made,  remarkable  for  ele^nce  of  form 
and  for  gracefully-engraved  patterns.  Although  the  groundwork  of  this  composition 
appears  of  a  blamsh  colour,  its  natural  tint  is  that  of  pewter  or  zinc 

Dr,  Heyne  says  it  is  composed  of,  copper,  16 ;  lead,  4 ;  tin,  2 ;  and  to  every  8  ounces 
d  alloy  16  ounces  of  spelter  (that  is,  of  zinc)  are  added,  when  the  alloy  is  melted  for 
use.  To  g^ve  the  esteemed  black  colour  and  to  bring  out  the  pattern,  it  is  dipped  in 
a  solution  of  sal-ammoniac,  saltpetre,  common  salt,  and  blue  vitriol.  Dr,  Hainilton 
saw,  zinc,  12,360  grains,  com>er  400,  and  lead  414,  melted  together  under  a  mixture 
of  resin  andbees'-wax,  introduced  into  the  crudble  to  prevent  caldnation ;  it  was  then 
poured  into  moulds  of  baked  day,  and  the  articles  handed  over  to  be  turned  in  a  lathe. 
Though  called  bidery  and  sometimes  vidr^,  it  is  manufactured  in  other  places.  In 
some  parts  of  the  Kizam's  dominions,  specimens  were  obtained,  for  the  Exhibition  of 
1861,  of  great  beauty.  Bidery  does  not  rust,  yields  little  to  the  hammer,  and  breaks 
only  when  violently  beaten.  According  to  Dr.  Hamilton,  bidery  is  not  nearly  so 
fusible  as  zinc  or  tin,  but  mdts  more  easily  than  copper.— i>r.  Soyle,  Lecture  on  the 
Great  Exkibiiion  of  1851. 

BZJttUTJfcT.  {Bijouteriet  Pr.)  Jowellerv; — ^the  manufacture  of  and  dealing  in 
jewellery.  This  work  is  not  the  place  in  whidi  to  describe  the  almost  endless  vanety 
of  artides  which  come  under  this  denomination.  The  prindpal  place  for  the  manu- 
fiusture,  in  England,  is  Birmingham,  but  formerly  the  tnide  was  largely^  carried  on  in 
Derby,  Edinburgh,  and  Xiondon.  During  the  last  twenty-five  years  tiie  jewellery  trade 
of  Birmingham  has  made  rapid  "ptogreea.  It  has  been  estimated  that  the  value  of  the 
gold  annually  consumed  in  the  jewellery  and  ^t-toy  trade  of  that  town  amounts  to 
between  600,000^.  and  700,000/.,  and  of  the  silver  to  from  100,000/.  to  150,000/., 
whilst  the  predous  stones  and  their  imitations  have  been  valued  at  a  quarter  of  a 
million  sterfing.  (See  papers  by  Mr.  J.  S.  Wright  in  *  The  Resources,  I^oducts,  and 
Industrial  History  of  Birmingham,*  1866 ;  and  by  Mr.  W.  G.  Larkins  in  *  Journal  of 
the  Sodety  of  Arts,'  March  1, 1872.) 

The  trade  in  jewellery  forms  one  of  the  most  important  branches  of  l^nch  com- 
morce ;  on  which  a  French  writer  says :  *  La  by  outerie  est  une  des  branches  les  plus 
importantes  du  commerce  Eran9ais,  et  c'est  elle  que  constate,  de  la  manito  la  plus 
^vidente,  notre  sup^orit^  dans  les  arts  du  dessin  et  les  progr^  toigours  croissans 
de  rindustrie  Fansienne.  Dans  cette  partie  essentielle,  die  n'a  pas  de  rivaux,  et  elle 
rend  tributaire  de  notre  pays  presque  toute  I'Europe  et  une  grande  partie  de  TAde  et 
de  TAm^que.'  Of  late  years,  however,  the  Fandan  trade  has  been  declining ;  but 
French  jewellery  has  still  so  high  a  reputation  that  English  manufEicturers  often  find 
it  to  their  interest  to  affix  Frendi  labels  to  their  goods.  A  quantity  of  dieap  jewellery 
is  also  imported  fhnn  Germany.    See  Agate. 

The  ormnary  practice  has  been  to  divide  artides  of  this  character  into  two  prin- 
dpal kinds — fine  jewellery  and  fSalse  jewellery  {b\;outier  en  fin  and  bifoutier  en  faux). 
Another  dividon,  among  the  French  jewellers  especially,  has  been  to  adopt  four 
classes:  1,  fine  jewellery,  which  is  all  gold;  2,  silver  jewellery;  8,  &lBe  jewellery; 
and,  4,  jewellery  of  steel  or  iron. 
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In  the  articlo  AixoTS  'will  be  found  the  qnantitj  of  the  baser  metal  whidi  is  per- 
mitted to  be  combined  -with  gold ;  and  also  the  proportions  of  the  alloys  forming  the 
brasses  which  are  employed  in  the  talae  jewellery. 

Under  their  respective  heads  the  true  gems  -will  be  described  (see  Biamoio), 
Embrald,  &c)  ;  and  under  Gems,  Abuficial,  the  imitations  of  them ;  many  of  the 
false  so  nicely  representing  the  peculiarities  of  the  true  gems  as  to  deceive  even  the 
practised  eye.  The  hardness  is,  however,  an  unfEuling  test ;  if,  therefore,  any  gem  is 
found  to  be  scratched  with  a  steel  file,  we  may  depend  on  its  being  artificial.  See 
also  PsABLs,  Artificial  ;  Lapidabt  Work  ;  Glass,  &;c 

MMMM,  BZSBf  or  MJkMWMm  An  Indian  poison  prepared  from  the  root  of  the 
Aconitum  ferox^  a  native  of  Nepaul,  and  from  other  species  of  aconite.  It  is  said  to 
possess  the  concentrated  power  of  all  the  European  aconites.  This  is  doubtful ; 
the  poisonous  properties  of  some  of  the  monkshoods  are  little  known.  Becently  (1873), 
some  children  from  the  Falmouth  Workhouse,  phiying  on  the  beach  at  Mainforth, 
found  some  roots  washed  on  shore,  and  four  of  them  ate  small  portions — ^within  two 
or  three  hours  three  of  the  boys  died,  and  the  life  of  the  other  was  only  saved  by 
the  greatest  attention.    See  Aoomrux. 

BZUB.    {BiU^  Fr. ;  QalU,  Ger.)    The  secreted  liquor  of  the  liver  in  animals. 

Bile  (ox's)  is  composed,  according  to  Berzelius,  of— biline,  fellinic  acid,  and  fat  of 
gall,  8*00 ;  mucus,  0*30 ;  alkali  combined  with  biline,  &c.,  0'41 ;  muriate  of  soda, 
extractive  matter,  0*74;  phosphate  of  soda,  do.  of  Ihne,  &o.,  0*11 ;  water,  90'44 
-100-00. 

Thenard*s  analysis  gives — resin  of  bile  and  picromel  (acid  gallenate  of  soda),  10*54 ; 
colouring-matter,  0*50  ;  soda,  0*50  ;  phosphate  of  soda,  0*25 ;  muriate  of  soda,  0*40  ; 
sulphate  of  soda,  0*10 ;  sulphate  of  hme,  0*16 ;  traces  of  oxide  of  iron,  water,  87*56 ; 
•  100*00. 

The  analyses  of  Benach  (*  Ann.  Oh.  Phar.')  give  tho  following  as  the  composition 
of  the  gall  of  several  animals : — 


Gtobon 

Hydrogen 

Nitrogen 

Salphnr 

Aah 

Calves 

.     55*4     . 

.    7*7    . 

.     3*3 

.     4*9     . 

.     13*15 

Sheep 

.    57-3    . 

.    7-8    . 

.     3*9 

.     5*7     . 

.     11*86 

Goats     . 

.    57-3    . 

.    8*2    . 



.     5-2     . 

.     13*21 

Bears      , 

.    67-7    . 

.    8*3    . 



.     5*8     . 

.       8*42 

Fowls 

.    .    57-5    . 

..   8-3    . 

.    3-5 

.    50    . 

.     10*90 

Fish   . 

.    .    560    . 

.    81     . 

.    2*5 

.    .    5-6    . 

.     14*11 

Streckor  and  Mulder  have  published  two  treatises  on  ox-gall.  The  views  advo- 
cated by  these  chemists  will  be  found  in  the  '  Annual  Beport  of  the  Progress  of 
Chemistry  of  Liebig  and  Kopp,'  translated  by  Hofmann  and  De  la  Bue. 

It  has  been  shewn  by  Strieker's  researuies  that  bile  is  lai^ly  composed  of  the 
soda-salts  of  two  peculiar  adds  called  glyoocholic  and  taurochoUc  adds.  GlycoehoUe 
add  may  be  prepiured  by  extracting  ox-bile  with  cold  absolute  alcohol,  and  treating 
the  filtered  extract  with  ether,  when  crystals  of  alkaline  glycocholatcs  are  obtained ; 
these  were  formerly  termed  crystallised  bile.  When  the  salts  are  decomposed  by 
sulphuric  add,  glycocholic  add  is  set  free.  This  add  contains  C**H**NO"  (0^*ai**KO'), 
Boiled  with  a  solution  of  potash,  it  is  resolved  into  chdic  aeid  and  glyoocine.  The 
second  add  of  the  bile — taurocholio  acid,  fc^merly  called  bilin — has  not  hitherto  been 
isolated  in  a  state  of  puritr.  When  boiled  with  alkalies  the  impure  product  is 
resolved  into  cholic  add,  and  a  substance  called  taurin,  which  contains  C'H'NSK)* 
(O'B'VSO*).  A  fatty  matter,  known  as  cholesterin  is  also  present*  to  a  small 
extent,  in  the  bile,  and  forms  the  chief  ingredient  in  biliary  calculi. 

It  is  notable  that  the  liver  is  capable  of  developing,  in  the  blood  which  circulates 
through  it,  an  amyloid  substance  called  glycogen,  which  is  readily  changed  into 
liver-sugar,  or  glucose. 

HeintK  remarks  (PoggendorfiTs  'Annalon'),  that  the  change  of  colour  sometimes 
produced — ^for  it  does  not  appear  always — by  nitric  add  in  liquids  containing  bile 
(first  ^;reen,  then  blue,  violet,  red,  and  lastly,  yellow),  is  occasioned  only  by  the 
coiounng-matter,  which  Berzelius  has  named  cholepyrrhin,  and  not  by  the  essential 
constituents  of  the  bile,  and  can  therefore  be  regarded  only  as  a  test  for  the  presence 
of  this  substance. 

Pettenkofer*s  test  for  bile  consists  in  adding  a  drop  of  sulphuric  add  and  a 
solution  of  sugar,  when  a  purple-violet  colour  is  produced  if  bile  be  present. 

For  the  farther  chemical  examination  of  bile,  see  *  Watts's  Dictionary  of  Chemistry ; ' 
for  its  uses  in  the  arts,  see  Gaix. 


■•    A  series  of  colouring  matters  produced  from  bile  by  Dr. 
Thndichum.    See  *  Watts's  Dictionary  of  Chemistry.' 


Digitized  by  VjOOQIC 


BISCUITS  343 

The  name  by  which  many  of  the  coal-measure  shales  are  locally  known 
in  some  districts.  They  arc  generally  more  or  loss  bitominons  and  calcareous. 
Since  so  much  attention  has  been  directed  to  the  production  of  petroleimi,  many 
of  those  'binds'  have  been  subject  to  distillationi  with  yariable  results.  See 
Fbtroleux. 

HXVO  OOAXi.    See  Coal. 

amn.  (Gltt,  Fr. ;  VogeUeiftit  Ger.)  The  best  birdlime  may  be  made  from 
the  middle  bark  of  the  holly  boil^  seven  or  eight  hours  in  water,  till  it  is  soft  and 
tender,  then  laid  by  heaps  in  pits  under  ground,  and  covered  with  stones  after  the  water 
is  drained  from  it.  There  it  must  be  left  during  two  or  three  weeks,  to  ferment,  in  the 
summer  season,  and  watered,  if  necessary,  till  it  passes  into  a  mucilaginous  state.  It 
is  then  to  be  pounded  in  a  mortar  to  a  paste,  washed  in  running  water,  and  kneaded 
till  it  be  free  from  extraneous  matters.  It  is  next  left  for  four  or  five  days  in  earthen 
vessels  to  ferment  and  purify  itself,  when  it  is  fit  for  use.  Birdlime  may  be  made  by 
the  same  process  from  the  mistletoe  {Viscum  albitm),  ^ymg  shoots  of  elder,  and 
the  barks  of  other  vegetables,  as  well  as  from  most  parasitical  plants. 

Good  birdlime  is  of  a  greenish  colour  and  sour  fiavour,  somewhat  resembling  that 
of  linseed  oil — ^gluey,  stringy,  and  tenacious.  By  drying  in  the  air  it  becomes 
brittle,  and  may  be  powdered ;  but  its  viscosity  may  be  rest<»red  by  mdstening  it.  It 
contains  resin,  mucilage,  a  little  free  acid,  colouring  and  extractive  matter.  Qlie  resin 
has  been  called  viacine, 

Hacaire  has  examined  a  substance  which  exudes  from  the  receptacle  and  involucre 
of  the  AtraciyUs  gummifera^  and  describes  it  as  the  pure  matter  of  birdlime,  which  he 
calls  visdne.  Common  birdlime  may  be  regarded  as  a  mixture  of  viscine,  vegetable 
mucilage,  and  vinegar. 

The  mistletoe  yields  a  peculiar  viscid  gluey  substance,  consisting  of  a  green  wax 
and  birdlime. 

BZ8CUIT8.  Biscuit-baking  constitutes  two  separate  branches  of  manufacture, 
— namely,  that  of  ordinary  biscuit,  or,  so  to  speak,  biscuit  '  proper,'  for  maritime 
purposes,  and  that  of  fancy  biscuits.  Ordinary,  or  sailors'  biscuit  consists  of  only 
flour  and  water  kneaded  into  a  paste,  cut  in  the  proper  shape,  docked,  and  baked 
in  an  oven ;  fancy  biscuits  consist  also  of  fiour  and  water,  but  with  an  addition  of 
butter,  sugar,  eggs,  spices,  or  'fiavourings,'  all  or  either  of  them  according  to  the 
kind. 

Ships'  biscuits  are  now  made  by  machinery,  and  one  of  the  reasons  for  this  has  been 
Uiat  the  manual  preparation  of  them  was  too  slow  and  too  costly.  A  landsman 
knows  very  little  of  the  true  value  of  a  biscuit :  with  a  seaman,  biscuit  is  the  only 
bread  that  he  eats  for  months  together.  There  are  many  reasons  why  common  loaves 
of  bread  could  not  be  used  during  a  long  voyage :  because,  containing  a  fermenting 
principle,  they  would  soon  become  musty  and  unfit  for  food  if  made  previous  to 
the  vpya^'while  the  preparation  of  them  on  board  ship  is  subject  to  insuperable  objec- 
tions. Biscuits  contain  no  leaven,  and,  when  well  baked  throughout,  they  suffer  Intlo 
change  during  a  long  voyage. 

The  allowance  of  biscuit  to  each  seaman  on  board  a  Queen's  ship  is  a  pound  per  day 
(avo^ng  six  biscuits  to  the  pound).  The  supply  of  a  man-of-war  for  several 
months  is,  consequently,  very  large ;  and  it  often  happened  during  the  long  war  that 
the  difficulty  of  making  biscuits  fast  enough  was  so  great,  that  at  Portsmoutik  waggon- 
loads,  brought  from  a  distance,  were  unpei£ed  in  the  streets  and  conveyed  to  the  ships. 

We  shall  now  describe  the  mode  of  making  biscuits  by  hand,  and  afterwards  speak 
of  the  improved  method.  The  bakehouse  at  Gosport  contained  nine  ovens,  and  to 
each  was  attached  a  ^ng  of  five  men, — ^the  *  turner,'  the  *  mate,'  the  *  driver,'  the 
'breakman,'  and  the  *idleman.'  The  requisite  proportions  ot  fiour  and  water  were 
put  into  a  large  trough,  and  the  *  driver,'  with  his  naked  arms,  mixed  the  whole  up 
together  into  the  form  of  dough — a  very  laborious  operation.  The  dough  was  then 
taken  from  the  trough,  and  put  on  a  wooden  platform  called  the  break :  on  this  plat- 
form worked  a  lever  called  the  break-staff,  five  or  six  inches  in  diameter,  and  seven 
feet  long;  one  end  of  this  was  loosely  attached  by  a  kind  of  staple  to  the  wall,  and 
the  brealmian,  riding  or  sitting  on  the  other  end,  worked  this  lever  to  and  fro  over 
the  dough  by  an  uncouth  jumping  or  shufOing  movement  When  the  dough  had 
become  kneaded  by  this  barbarous  method  into  a  thin  sheet,  it  was  removed  to  the 
moulding  board  and  cut  into  slips  by  means  of  an  enormous  knife ;  these  slips  were 
then  broken  into  pieces,  each  large  enough  for  one  biscuit,  and  then  worked  into  a 
circular  form  by  the  hand.  As  each  biscuit  was  shaped  it  was  handed  to  a  second 
workman,  who  stamped  the  King's  mark,  the  number  of  the  oven,  &c.,  on  the  biscuit. 
The  biscuit  was  then  docked,  that  is,  pierced  with  holes  by  an  instrument  adapted  to 
the  purpose.  The  finishing  part  of  the  process  was  one  in  which  remarkable  dex- 
terity was  displayed,    A  man  stood  before  the  open  door  of  tho  oven,  having  in  hit 
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hand  the  handle  of  a  long  shovel  called  a  peel,  the  other  end  of  'which  was  lying  £at 
in  the  oven.  Another  man  took  the  biscuits  as  fast  as  they  were  formed  and  stamped, 
and  jerked  or  threw  them  into  the  oven  with  such  nndeyiating  accuracy  that  they 
should  always  fSall  on  the  peel.  The  man  with  the  peel  then  arranged  the  biscuits  side 
by  side  oyer  the  whole  floor  of  the  oven.  Nothing  could  exceed  (in  manual  labour 
alone)  the  regularity  with  which  this  was  all  done.  Seyentj  biscuits  were  thrown 
into  tlie  oyen  and  regularly  arranged  in  one  minute,  the  attention  of  each  man  being 
vigorously  directed  to  his  own  department ;  for  a  delay  of  a  single  second  on  the  part 
of  any  one  man  would  have  disturbed  the  whole  gang.  The  biscuits  do  not  require 
many  minutes'  baking ;  and  as  the  oven  is  kept  open  during  the  time  that  it  is  being 
filled,  the  biscuits  first  thrown  in  would  be  overbaked  were  not  some  precaution 
taken  to  prevent  it.  Hie  moulder  therefore  made  those  which  were  to  be  first 
thrown  into  the  oven  larger  than  the  subsequent  ones,  and  diminished  the  size  by  a 
nice  gradation. 

The  mode  in  which,  since  about  the  year  1881,  ships'  biscuits  have  been  made  by 
machinenr  invented  by  T.  T.  Grant,  Esq.,  of  the  Boyal  Clarence  Yard,  is  this : — ^The 
meal  or  flour  is  conveyed  into  a  hollow  cylinder  four  or  five  feet  long  and  about  three 
feet  in  diameter,  and  the  water,  the  quantity  of  which  is  regulated  by  a  gauge, 
admitted  to  it;  a  shaft,  armed  with  long  knives,  works  rapidly  round  in  the  cylinder, 
with  such  astonishing  effect,  that  in  the  short  space  of  six  minutes,  450  lbs.  of  do^h 
are  produced,  infinitely  better  made  than  that  mixed  by  the  naked  arms  of  a  man.  The 
dough  is  removed  i^om  tibe  cylinder  and  placed  under  the  breaking  rollers ;  these  latter, 
which  perform  the  ofiice  of  kneading,  are  two  in  number,  and  weigh  15  cwts.  each ; 
they  are  rolled  to  and  fro  over  the  surface  of  the  dough  by  means  of  machinery,  and 
in  five  minutes  the  dough  is  perfectly  kneaded.  The  sheet  of  dough,  which  is  about 
two  inches  thick,  is  then  cut  into  ptCMoes  half  a  yard  square,  which  pass  under  a  second 
set  of  rollers,  by  which  eadi  piece  is  extended  to  the  size  of  six  feet  by  three,  and 
reduced  to  the  proper  thidmees  for  biscuits.  The  sheet  of  dough  is  now  to  be 
cut  up  into  biscuits ;  and  no  part  of  the  operation  is  more  beautiM  than  the  mode  by 
which  this  is  accomplished.  The  dough  is  brought  under  a  stamping  or  cutting-out 
press,  similar  in  effect,  but  not  in  detail,  to  that  by  which  circular  pieces  for  cdns  are 
cut  out  of  a  sheet  of  metal.  A  series  of  sharp  knives  are  so  arranged  that,  by  one 
movement,  they  cut  out  of  a  piece  of  dou^h  a  yard  square  about  sixty  hexagonal 
biscuits.  The  reason  for  an  hexagonal  (six-sided)  shape  is,  that  not  a  particle  of  waste 
is  thereby  occasioned,  as  the  sides  of  the  hexagonals  accurately  fit  into  those  of  the 
adjoining  biscuits,  whereas  circular  pieces  cut  out  of  a  large  surface  always  leave  vacant 
spaces  between.  That  a  flat  sheet  can  bo  divided  into  hexagonal  pieces  without  any 
waste  of  material  is  obvious. 

Each  biscuit  is  stamped  with  the  Queen's  mark,  as  well  as  punctured  with  holes,  by 
the  same  movement  which  cuts  it  out  of  the  piece  of  dough.  The  hexagonal  cutters 
do  not  sever  the  biscuits  completely  asunder,  so  that  a  whole  sheet  of  them  can  be 
put  into  the  oven  at  once  on  a  large  peel,  or  shovel,  adapted  for  the  purpose.  About 
15  minutes  are  sufficient  to  bake  them ;  they  are  then  withdrawn  and  broken  asunder 
by  the  hand. 

The  com  for  the  biscuits  is  purchased  at  the  markets,  and  cleaned,  ground,  and 
dressed  at  the  Chiyemment  mills ;  in  quality  it  is  a  mixture  of  fine  fiour  and  middlings, 
the  bran  and  pollard  being  removed.  The  ovens  for  baldng  are  formed  of  fire-brick 
and  tile,  with  an  area  of  about  160  feet.  About  112  lbs.  weight  of  biscuits  are  put 
into  the  ovens  at  once.  This  is  called  a  suit,  and  is  reduced  to  about  110  lbs.  by  the 
baking.  From  12  to  16  suits  can  be  baked  in  each  oven  every  day,  or  after  the  rate 
of  224  lbs.  per  hour.  The  men  engaged  are  dressed  in  dean  check  shirts  and  white 
linen  trousers,  apron,  and  cap,  and  every  endeavour  is  made  to  observe  the  most  scru- 
pulous deanliness. 

We  may  now  make  a  few  remarks  on  the  comparative  merits  of  the  hand  and  the 
machine  processes.  If  the  meal  and  the  water  with  which  the  biscuits  are  made  be 
not  thorougUy  mixed  up,  there  will  be  some  parts  moister  than  others.  Now,  it  was 
formerly  found  that  the  dough  was  not  well  mixed  by  the  arms  of  the  workman ;  the 
consequence  of  which  was,  that  the  dry  parts  became  burnt  up,  or  else  that  the  moist 
parts  acquired  a  peculiar  kind  of  hardness  which  the  sailors  called  *  fiint : '  these 
defects  are  now  removed  by  the  thorough  mixing  and  kneading  whidi  the  ingredients 
receive  by  the  machine. 

We  have  seen  that  450  lbs.  of  dough  may  be  mixed  by  the  machine  in  three 
nniMUtes  and  kneaded  in  six  minutes;  we  need  hardly  say  how  much  quicker  this 
IB  thaa  men's  hands  could  effect  it.  The  biscuits  are  cut  out  and  stamped  60  at 
a  time,  instead  of  singly :  besides  the  time  thus  saved,  the  biscuits  become  more 
equally  baked,  by  the  oven  being  more  speedily  filled.  The  nine  ovens  at  Gk»port 
used  to  employ  45  men  to  produce  about  1,500  lbs.  of  biscuit  per  hour ;  16  men  and 
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bojs  will  now  pxodnee,  by  the  same  number  of  ovens,  2,240  lbs.  of  biscuits  (one  ton) 
per  hoar. 

The  comparatiye  expense  is  thus  stated : — ^Under  the  old  system,  wages  and  wear 
and  tear  of  utensils  cost  about  Is.  6d.  per  cwt»  of  biscuit;  under  the  new  system,  the 
cost  is  6d, 

The  bakehouses  at  Beptford,  Gosport,  and  Plymouth  could  produce  7.000  or  8,000 
tons  of  biscuits  annually,  at  a  saving  of  12,0002.  per  annum  from  the  cost  under  the 
old  system.  The  advantages  of  madiine-made  over  hand-made  biscuits,  therefore,  are 
many — quality,  deanliness,  expedition,  cheapness,  and  independence  of  Government 
contractors. 

Fig,  104  represents  the  biscuit-machinery  as  executed  beautifully  by  Messrs. 
Kennie,  engineers,    a  is  the  breaker  roller,  table,  and  toller ;  6,  the  finislung  roller, 

104 


table,  and  toller;  ec,  docking  machines,  for  stamping  out  the  biscuits;  d,  mixing 
machine  for  making  the  dough;  e,  spur-pinion  to  engine-shaft;  /,  spur-wheel;  gg, 
bevel  mitre  wheels,  to  give  the  upright  motion ;  A  A,  bevel  wheels  for  working  the 
mixing  machine;  1 1 1,  ditto,  for  communicating  motion  to  the  rolling  machines,yy/ 
k,  the  crank  shaft ;  I  /,  connecting  rods ;  m  nit  pendulums  for  giving  motion  to  rollers ; 
n  n,  clutches  for  connecting  either  half  of  the  machinery  to  the  other. 

The  manufacture  of  fancy  biscuits,  which  in  former  times  was  confined  to  the 
pastrycook  and  confectioner,  has  of  late  years  assumed  considerable  importance,  and 
several  firms  are  now  exclusively  engaged  in  this  branch  of  industry,  the  products 
of  which  are  sold  under  an  extraordinary  variety  of  names.  Some  of  these,  namely, 
the  *  plain  biscuit,  arrowroot,  captain,  brown  meal,  cinnamon,  caraway,  vanilla  biscuits/ 
&c,  are  intelligible  enough ;  but,  if  we  except  '  Abemethy  biscmt,  macaroons,  and 
cracknels,'  with  the  names  of  which  the  public,  £rom  long  usage,  are  familiar,  the 
rest  of  the  products  of  the  modem  biscuit-baker, '  Africans,  Jamaica,  Queen's  routs, 
ratafias,  Bath  and  other  sorts  of  Olivers,  exhibition,  rings  and  fingers,  picnics,  cuddy,' 
&c,  &C.  form  a  list  of  upwards  of  eighty  &ncifiil  names,  all  expressive  of  articles  of 
different  form,  appearance,  and  taste,  made  of  nearly  the  same  materials,  with  but 
little  Tariation  in  the  proportion  in  which  they  are  used, — ^the  principal  ingredients 
in  all  being  flour  and  water,  butter,  milk,  eggSy  and  caraway,  nutmeg,  dnnamoOf 
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mace«  ginger,  essence  of  lemon,  neroli,  or  orange-floorer  \niter,  called  in  technical 
language,  *  flavourings.*  The  kneading  of  these  materials  is  always  performed  by 
a  kneading  or  mixing  machine.  The  doug^  or  paste  produced  is  passed  seyeral 
times  between  two  revolTing  cylinders  ac^jost^  at  a  proper  distance,  so  as  to  obtain 
a  flat,  perfectly  homogeneous  mass,  slab,  or  sheet  This  is  transferred  to  a  stamping 
or  cutting  machine,  consisting  of  two  (nrlinders,  through  which  the  sheet  of  homo- 
geneous paste  has  to  pass,  and  by  which  it  is  laminated  to  the  proper  thickness, 
and  at  the  same  time  pushed  under  a  stamping  and  docking  fzmme,  iHiich  cuts  it  into 
discs,  or  into  oval  or  otherwise  shaped  pieces,  as  occasion  may  require.  The  stamps 
or  cutters  in  the  frame  being  internally  provided  with  prongs,  push  the  cut  pieces 
of  dough,  or  raw  cakes,  out  of  the  cutting  frame,  and  at  the  same  time  dock  the 
cakes,  or  cut  pieces,  with  a  series  of  holes,  for  the  subsequent  escape  of  the  moisture, 
which,  but  for  these  vents,  would  distort  and  spoil  the  cake  or  biscuit  when  put  in 
the  oven.  The  temperature  of  the  oven  should  be  so  regulated  as  to  be  perfectly 
uniform,  neither  too  high  nor  too  low,  but  just  at  such  a  heat  as  is  sufficient  to  give 
the  biscuits. a  light  brown  colour.  For  such  a  purpose  the  hot-water  oven  of  Mr. 
Perkins,  or  that  of  Mr.  Eoland,  is  the  best  Uiat  can  possibly  be  used.  (See  Bread.) 
Boland*s  oven  offers  the  peculiar  advantage  that,  by  turning  the  screw,  the  sole  of 
the  oven  can  bo  brought  nearer  to  the  top,  and  atomperaturo  is  thus  obtained  suitable 
for  baking  thoroughly,  without  burning,  tiie  thinnest  cakes. 

One  of  the  most  curious  branches  of  the  baker*s  craft  is  the  manufacture  of 
gingerbread,  which  contains  such  a  proportion  of  molasses  Uiat  it  cannot  be  fer- 
mented by  means  of  yeast.  Its  ingredients  are  flour,  molasses  or  treacle,  butter, 
common  potashes,  and  alum.  After  the  butter  is  melted,  and  tiie  potashes  and  alum 
are  dissolved  in  a  little  hot  water,  these  three  ingredients,  along  with  the  treacle,  are 
poured  among  the  flour  which  is  to  form  the  body  of  the  bread.  The  whole  is  then 
incorporated  by  mixture  and  kneading  into  a  stiff  dough.  Of  Uieso  five  constituents 
the  alum  is  the  least  essential,  although  it  makes  the  bread  lighter  and  crisper,  and 
renders  the  process  more  rapid ;  for  gingerbread,  dough  requires  to  stand  over  for 
several  days,  some  8  or  10,  before  it  acquires  the  state  of  porosity  which  qualifies  it 
for  the  oven ;  the  action  of  the  treacle  nnd  alum  on  the  potashes,  in  evolving  carbonic 
add,  seems  to  be  the  gasifying  principle  of  gingerbread ;  for  if  carbonate  of  potash 
is  withheld  fijom  the  mixture,  the  bread,  when  ^ked,  resembles  in  hardness  a  piece 
of  wood. 

Treacle  is  always  acidulous.  Carbonate  of  magnesia  and  soda  may  be  used  as 
substitutes  for  the  potashes.  Dr.  Colquhoun  has  found  that  carbonate  of  magnesia 
and  tartaric  acid  may  replace  the  potashes  and  the  alum  with  great  advantage, 
affording  a  gingerbread  fullv  as  agreeable  to  the  taste,  and  much  more  wholesome 
than  the  common  kind,  which  contains  a  notable  quantity  of  potash.  His  pro- 
portions are  1  lb.  of  flour,  ^  of  an  ounce  of  carbonate  of  magnesia,  and  ^  of  an  ounce 
of  tartaric  add,  in  addition  to  the  trrade,  butter,  and  aromatics,  as  at  present 
used.  The  add  and  alkaline  earth  must  be  well  difihsed  through  the  whole 
dough ;  the  magnesia  should,  in  fact,  be  first  of  all  mixed.with  the  fiour.  The  molted 
butter,  the  treacle,  and  the  add  dissolved  in  a  little  water,  are  poured  all  at  once 
amongst  the  flour,  and  kneaded  into  a  consistent  dough,  which  being  set  aside  for  half 
an  hour  or  an  hour,  will  be  ready  for  the  oven,  and  snonld  never  be  kept  unbaked  for 
more  than  2  or  3  hours.  The  following  more  complete  redpe  is  given  by  Dr.  Colqu- 
houn for  making  thin  gingerbread  cakes : — ^Flour  1  lb.,  treade  \  lb.,  raw  sugar  i  lb., 
butter  2  ounces,  carbonate  of  magnesia  i  ounce,  tartaric  add  ^  ounce,  ginger  ^  ounce, 
dnnamon  ^  ounce,  nutmeg  1  ounce.  This  compound  has  rather  more  ontter  than 
common  thin  gingerbread.  In  addition  to  these,  yellow  ochre  is  fluently  added  by 
cheap  gingerbread  makers,  and  altogether  this  preparation,  more  generally  consumed 
by  children,  is  very  objectionable. 

Within  the  lost  few  yean  there  has  been  a  veiy  remarkable  development  of  the 
trade  in  biscuita.  Biscnito  of  all  sorts,  and  really  many  curious  and  agreeable 
varieties,  are  now  manufiictured  on  a  large  scale,  and  machineiy  has  been  created  to 
fadlitato  the  process. 

BZ8BIUTB.  {Bismuth^  Fr. ;  Wimutk,  Ger.)  StffM,  Bi. ;  Aiomic  umpht,  210. 
The  metal  bismuth  occurs  chiefly  in  a  native  state,  but  is  also  found  in  certain  combi- 
nations, forming  the  ores  noticed  in  the  following  list  of  bismuth-bearing  minerals : — 
l!ative  Bismuth  is  whitish,  with  a  faint  reddish  tinge,  and  a  metallic  lustre  which 
is  liable  to  tamisL  Streak,  silver-white.  Hardness,  2  to  2*6  ;  spedfic  gravity,  9727. 
It  is  brittle  when  cold,  but  slightly  malleable  when  heated.  It  generally  occurs  crys- 
tallised or  in  a  dendritic  form.  It  ftiscs  readily  at  476°  F.  Beautiful  crystals  can  bo 
formed  artificially  by  f^ion  and  subsequent  slow  cooling.  The  native  metal  frequently 
contains  silver^  arsenic,  or  tellurium.  It  is  the  source  of  all  the  metal  ttsod  in  thf 
Itftt* 
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Katire  bismuth  has  been  foand,  associated  -with  other  minerals,  in  Cornwall,  at 
Dolcoath  near  Camborne;  at  Huel  Sparnon,  near  Eedruth,  when  that  mine  -was 
worked ;  at  Tmgoe  Mine,  near  St  Colomb  (Greg),  and  at  the  Consolidated  Mines, 
St.  Ives ;  Caldb^  Fells,  in  Cumberland,  with  ores  of  cobalt.  But  the  most  abun- 
dant sources  of  native  bismuth  are  the  silver  and  cobalt  mines  of  Saxony  and  Bo- 
hemia, especially  those  of  Schneeberg,  Annaberg,  Morienberg,  Altenberg,  Joachimsthal 
and  Johanngoorgenstadt    It  is  also  found  at  Sorato,  in  Bolivia. 

Bismuikine,  Bitmutk  glance,  or  sulphide  of  bismuth,  occurs  either  in  acicular  crys- 
tals, or  with  a  foliated,  fibrous  structure.  It  is  isomorphous  with  stibnito,  or  sulphide 
of  antimony.  Hudness,  2  to  2*6 :  specific  gravity,  6*4  to  6*9.  It  is  composed  of 
bismuth,  81*25 ;  sulphur,  18*75.    It  fuses  in  the  flame  of  a  candle. 

Bismuthine  occurs  in  Cornwall,  at  Botallack,  and  assodatod  with  tin  at  St  Just, 
and  with  copper  at  the  mines  near  Bedruth  and  Camborne.  Large  quantities  are  now 
worked  and  smelted  in  South  Australia. 

AcicHlar  Bismuth,  or  Aikinite,  called  also  Needle  Ore,  is  a  plumbo-cupriferous 
sulphide  of  bismuth,  composed  of  sulphur,  16;  bismuth,  34*62;  load,  35*60 ;  copper, 
11-79, 

EmpiectUe,  or  Tannenite,  is  a  rare  mineral,  containing  sulphur,  18*83 ;  bismuth, 
62*16 ;  copper,  18*72. 

Teflurio  BUnuUh,  or  Tetradymite,  occurs  in  Cumberland,  at  Brandy  Gill,  Carrock 
Fells  (Gbreg),  and  at  Dolgelly  m  Merionethshire. 

The  purest  varieties  contain  only  bismuth  and  tellurium,  in  proportions  represented 
by  the  formula,  Bi'  Te',  corresponding  to  tellurium,  48*1,  and  bismuth,  51*9  per  cent. 
Other  varieties  contain  sulphur  and  selenium.  It  is  notable  that  tetradymite  is  often 
found  associated  with  gold. 

Bismuth  Ochre. — A  dull  earthy  mineral,  found  in  the  Boyal  Bestormel  Iron  Mine, 
and  in  small  quantities  in  the  parish  of  Eoach,  in  Cornwall.  Its  composition  is  stated 
by  Lampadius  to  be :— Oxide  <rf  bisihuth,  86*4 ;  oxide  of  iron,  5*1 ;  carbonic  acid,  4*1 ; 
and  water,  3*1. 

Carbonate  of  Bismuth,  or  Bismutite.  This  ore  is  oomposed  of  a  mechanical  mixture 
of  the  carbonates  of  bismuth,  of  iron,  and  of  copper. 

Ettiftine  or  bisnmt^-blende  is  a  silicate  of  bismuth,  occurring  in  small  crystals  in 
the  mines  of  Schneeberg,  in  Saxony. 

Bismuth,  which  was  formerly  known  as  Marcasite  and  as  tin-glance,  was  shown  to 
be  a  metal  *  somewhat  dif^»nt  from  lead*  by  G.  Agricola,  in  1546.  It  was  studied 
by  Stahl  and  Du&y,  and  still  more  minutely  by  Pott  and  Geoffiroy,  about  the  middle 
of  the  last  century. 

This  metaU  the  demand  for  which  is  limited,  is  chiefly  procured  in  Saxony,  fipom 
the  mines  of  Schneeberg ;  where  it  occurs  mixed  with  cobalt  speiss,  in  the  proportion 

105 


of  about  7  per  cent  In  the  metallurgical  works  at  Schneeberg  the  metal  is  obtained 
by  means  of  a  peculiar  furnace  of  liquation.  This  furnace  is  represented  in  fys,  105 
and  106,  of  which  the  first  is  a  view  from  above,  the  second  a  view  in  front;  and 
fig,  107  is  a  transverse  section  on  the  dotted  line  ▲,  b,  of  >fy.  106.  a  is  the  ash-pit; 
h,  the  fire-place ;  e,  the  eliquataon  pipes ;  d,  the  grate,  of  masonry  or  brickwork,  upon 
which  the  fuel  is  thrown  througn  the  fire-door,  e  e.  The  anterior  deeper-lying 
orifice  of  the  eliquataon  pipes  is  closed  with  the  clay-plate,  /,  which  has  beneath  a 
small  circular  groove,  through  which  the  liquefied  metal  fiows  off;  a  is  a  wall  extend- 
ing from  the  hearth-sole  nearly  to  th^  anterior  orifices  of  the  liquation-pipeSy  in 
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which  wall  there  are  as  many  fire-holes,  h,  as  there  are  pipes  in  the  fornace ;  i  are 
iron  pans  which  receive  the  fluid  metal ;  Ar,  a  wooden  water-trough,  in  which  the 
bismuth  is  granulated  and  cooled ;  I,  the  posterior  and  higher-lying  apertures  of  the 
eliquation  pipes,  shut  merely  with  a  sheet-iron  cover.  The  granulations  of  bismuth 
drained  j&om  the  posterior  openings  fall  upon  the  flat  surfaces  m,  and  then  into  the 
water-trough.  »  »  are  draught-holes  in  the  vault  between  the  two  pipes,  which  serve 
for  increasing  or  diminishing  the  heat  at  pleasure. 

The  ores  to  be  eliquated  (sweated)  are  sorted  by  hand  from  the  gangue,  broken  into 
pieces  about  the  size  of  a  hazel  nut,  and  introduced  into  the  ignited  pipes ;  one  charge 
consisting  of  about  ^  cwt ;  so  that  the  pipes  are  filled  to  half  their  diameter,  and 
three-foi^ths  of  their  length.  The  sheet-iron  door  is  shut,  and  the  fire  strongly  urged, 
whereby  the  bismuth  begins  to  fiow  in  ten  minutes,  and  falls  through  the  holes  in  the 
day-plates  into  hot  pans  containing  some  coal-dust.  Whenever  it  runs  slowly,  the 
ore  is  stirred  round  in  the  pipes,  at  intervals  during  half  an  hour,  in  which  time  the 
liquation  is  usually  finished.  The  residuum,  called  bismuth  haxlej  {Grai^pm),  is 
scooped  out  with  iron  rakes  into  a  water-trough ;  and  the  pipes  are  charged  afiresh ; 
the  pans,  when  fall,  have  their  contents  cast  into  moulds,  rorming  bars  of  £rom  25  to 
60  lbs.  weight.  About  20  cwt.  of  ore  are  smelted  in  8  hours,  with  a  consumption  of 
63  Leipsic  cubic  feet  of  wood.  The  bismuth  thus  proccured  by  liquation  upon  the  great 
scale  contains  no  small  admixture  of  arsenic,  iron,  and  some  other  metals,  from  which 
it  may  be  freed  by  solution  in  nitric  add,  predpitation  by  water,  and  reduction  of  the 
sub-nitrate  by  black  fiuz.  By  exposing  the  crude  bismuth  for  some  time  to  a  dull 
red  heat,  under  charcoal,  arsenic  is  expelled. 

Bismuth  is  also  obtained  as  a  by-product  in  treating  certain  ores  d  cobalt  and 
silver.  A  solution  of  the  nitrate  or  chloride  of  bismuth  is  predpitated  by  addition 
of  water,  and  the  basic  salt  thus  obtained  is  dried  and  reduced  with  carbonate  of  soda 
and  charcoaL 

Bismuth  is  white,  and  resembles  antimony,  but  has  a  reddish  tint ;  whereas  the 
latter  metal  has  a  bluish  cast.  It  is  brilliant,  and  ciystallises  readily  in  small  cube- 
like forms,  often  hollow,  which  are  really  rhombohedra,  though  lonff  mistaken  for  true 
cubes.  The  beautiful  iridescence  often  seen  on  specimens  of  crystallised  bismuth  is  pro- 
duced artifidally.  The  metal  is  very  brittle,  and  may  be  easily  reduced  to  powder. 
Its  spedfic  gravity  is  9*83 ;  and  it  is  said  that  by  hammering  it  with  care,  the  density 
may  be  increased  to  9*8827.  It  melts  at  615^  F.  (268*3^  C,  Biemsdi^jk),  and  may  be 
cooled  6^  or  7^  below  t^s  point  without  fixing ;  but  the  moment  it  b^ns  to  solidify, 
the  temperature  rises  to  480^,  and  continues  stationary  till  the  whole  mass  is  con- 
gealed.   Bismuth,  like  cast-iron,  expands  during  solidification. 

When  heated  from  82^  to  212^,  it  expands  w^  in  length.  When  pure  it  affiurds  a 
very  valuable  means  of  adjusting  the  scale  of  nigh-ranged  thermometers.  At  strong 
heats  bismuth  volatilises,  may  be  distilled  in  dose  vessels,  and  is  thus  obtained  in 
crystalline  lamins. 

Bismuth  is  readily  soluble  in  nitric  add,  but  is  almost  unacted  on  by  hydrochloric 
or  by  sulphuric  add. 

Several  alloys  of  bismuth  are  used  in  the  arts.  The  alloy  of  bismuth  and  lead  in 
equal  parts  has  a  density  of  10*709,  being  greater  than  the  mean  of  the  constituents ; 
it  has  a  foliated  texture,  is  britUe,  and  of  the  same  colour  as  bismuth.  Bismuth,  with 
tin,  forms  a  compound  more  elastic  and  sonorous  than  the  tin  itself,  and  is,  therefore, 


^  added  to  it  by  the  pewterers.  With  1  of  bismuth  and  24  of  tin,  the  alloy 
is  somewbat  malleable :  with  more  bismuth  it  is  brittle.  When  much  bismuth  is 
present,  it  may  be  easily  parted  by  strong  muriatic  add,  which  dissolves  the  tin,  and 
leaves  the  bismuth  in  a  bladi:  powder.  It  has  been  said  that  an  alloy  of  tin,  bismuth, 
nickel,  and  silver  hinders  iron  from  rusting. 

The  alloy  of  bismuth  with  tin  and  lead  was  first  examined  by  Sir  I.  Newton,  and 
has  been  called  ever  since  fusible  metal.  The  French  give  to  this  alloy  the  name  of 
f/UUUfunble  de  D*Areett  and  thus  daim  for  him  the  merit  of  the  discovery  of  it 
8  parts  of  bismuth,  6  of  lead,  and  3  of  tin,  mdt  at  the  moderate  temperature  of 
202^  F. ;  but  2  of  bismuth,  1  of  lead,  and  1  of  tin,  mdt  at  200*75^  F.,  according  to 
Bose.  A  small  addition  of  mercury,  or  of  cadmium,  aids  the  fusibility.  Sudi  aUoys 
jserve  to  take  casts  of  anatomical  preparations.  The  value  d  these  bismuth-alloys  for 
taking  casts  is  due  in  great  measure  to  thdr  enansion  in  cooling — a  sharp  impression 
bdng  thus  secured.  Indeed,  the  behaviour  of  fhdble  metal  on  exposure  to  heat  is 
quite  anomalous.  It  is  said  to  dilate  regularly  from  32^  to  95^  F.,  then  to  contract 
to  181^,  when  it  expands  rapidly  till  it  reaches  176^,  and  from  that  point  again 
expands  uniformly  until  it  foses. 

An  alloy  of  1  bismuth,  2  tin,  and  1  lead,  is  employed  as  a  soft  solder  by  the 
pewterers ;  and  the  same  has  been  proposed  as  a  bath  for  tempering  steel  instruments. 
Cake-moulds  for  the  manufacture  of  toilet  soaps  are  made  of  the  same  meted ;  as  also 
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excellent  diehis  for  stereotype,  of  8  lead,  2  tioi  and  5  bismuth— an  alloy  which  melts 
at  199*^  F.  This  oompouna  should  be  allowed  to  cool  upon  a  piece  of  pasteboard  till 
it  becomes  of  a  dou^y  consistence,  before  it  is  applied  to  tiie  mould  to  reoeiTC  the 
impress  of  the  stamp.  This  alloy  is  also  used  for  the  metallic  pencils  for  writing  on 
theprepared  paper  of  pocket-bo^:s. 

'Aq  employment  of  plates  of  fusible  metal  as  safety  rondettea  to  anertures  in  the 
tops  of  steam  boilers  was  proposed  in  Erance,  on  the  assumption  that  tney  would  melt 
and  give  way  at  elevations  of  temperature  under  those  which  would  endanger  the 
bursting  of  the  vessel,  the  fusibilitT  of  the  alloy  being  proportioned  to  the  quality  of 
steam  required  for  the  engine.  It  has  been  found,  however,  that  boilers,  apparently 
secured  in  this  wa^,  burst,  while  the  safety  discs  remained  entire ;  the  expansive  force 
of  the  steam  causing  explosion  so  suddenly,  that  the  fusible  alloy  had  not  time  to 
melt  or  give  way. 

bismuth  is  interesting  as  being  a  hig^y  eUamacnetio  metal.  The  distinction 
between  magnetic  and  diama^tio  bodies  was  established  by  the  late  Br.  f  araday. 
This  may  be  familiarly  explained,  by  stating  that  one  class  of  bodies  is  influenced 
by  magnets,  as  iron  is,  being  magnetic.  That  is,  if  a  bar  of  iron  was  hung  up 
between  the  poles  of  a  horse-shoe  magnet,  it  would  arrange  itself  along  the  line  which 
unites  the  two  poles ;  which  line  has  been  called  the  axud  line.  But  if  another 
dass  of  bodies  be  selected,  bismuth  being  at  the  head  of  this  dass,  and  suspended 
in  the  same  way  between  tiie  poles  of  the  magnet,  thev  arrange  themselves  across 
the  axial  line,  or,  as  Faraday  nas  termed  it,  equatoruUh/,  these  bodies  being  called 
in  distinction  diamagnetic  bodies.  See  MAONBTisif,  for  a  further  account  of  these 
phenomena. 

Th.Q  mines  of  Schneeberg  produce  annually  about  4,000  kilogrammes  of  metallic 
bismuth ;  those  of  Johanngeorgenstadt  and  the  cobalt  mines  of  Saxony,  about  600 
Idlpgrammes — equal  to  about  10,600  avoirdupois  pounds. 

In  1844  bismuth  was  sold  at  from  ]0<f.  to  28,  the  pound ;  in  1872  it  had  reached 
the  high  price  of  30«.  the  pound ;  for  some  time  this  price  was  maintained.  Up 
to  1844  a  large  quantity  of  bismuth  was  produced  in  this  oountrv  from  cobalt  ores  in 
tiie  old  way  of  refining,  but  a  new  method  was  then  introduced  which  necessitated  the 
loss  of  nearly  all  the  bismuth.  In  1845  there  was  a  large  demand  for  a  composi- 
tion to  make  rollers  for  calico-printers,  which  advanced  the  price.  In  1858  the  supply 
began  to  fall  ofi^  and  in  1861-2  there  was  an  increased  demand  for  this  metal  for 
medicinal  purposes,  but  there  has  been  recentiy  a  considerable  reduction.  A  company 
was  formed  in  London,  under  the  guidance  of  a  German,  who  professed  to  have  the 
secret  of  transmuting  the  baser  metals  into  gold.  This  company  had  works  in  the 
Belvedere  Boad,  Lambeth,  and  as  bismuth  was  considered  essential  in  the  process, 
they  bought  all  ihey  could  lay  hands  on.  This,  it  is  believed,  more  than  anvthing 
led  to  the  rapid  increase  in  the  price  of  the  metal.  The  supply  of  bismuth  is  in  but 
very  few  hands,  and  great  care  is  taken  to  prevent  any  excess  over  the  demand  from 
coming  into  the  market ;  by  this  means  the  price  is  kept  up. 

Solid  compounds  of  bismuth,  when  heated  before  tlie  blowpipe  with  carbonate  of 
soda  and  charcoal,  yield  a  bead  of  metallic  bismuth,  surrounded  by  an  incrustation  of 
yellow  oadde.  Salts  of  bismuth  in  solution  are  recognised  by  becoming  milky  white 
when  diluted  with  water,  owing  to  the  formation  of  sparingly  soluble  basic  salts. 
These  basic  precipitates  may  be  distinguished  from  similar  sub-salts  of  antimony  by 
being  uuohtBle  in  tartaric  add,  and  by  becoming  black  when  acted  on  by  sulphuretted 
hydrogen. 

In  *Watts's  Dictionary  of  Chemistzy'  will  be  found  various  methods  for  the 
determination  of  bismuth.  The  following  processes,  however,  appear  so  usefhl  as  to 
warrant  their  insertion  in  this  place : — ^To  detect  small  quantities  of  lead  in  bismuth, 
or  in  bismuth  compounds.  Chapman  brings  the  somewhat  flattened  bead,  reduced 
before  the  blowpipe,  in  contact  with  some  moist  basic  nitrate  of  teroxide  of  bismuth, 
when,  in  a  short  time,  in  consequence  of  the  reduction  of  the  bismuth  by  the  lead, 
arborescent  spri^  of  bismuth  are  formed  around  the  test  specimen.  Since  zinc  and 
iron  interfere  with  this  reaction,  they  must  be  previously  removed,  the  former  by^ 
fusion  with  soda,  the  latter  with  soda  and  borax,  m  the  redudng  flame. 

Lead  and  bismuth  can  easily  be  quantitatively  separated  from  each  other  by  the 
following  method,  proposed  by  Ull^n : — ^The  solution  of  the  two  metab  is  pre- 
d^tated  by  carbonate  of  ammonia,  and  the  carbonates  are  then  dissolved  by  acetic 
aad,  and  a  blade  of  pure  lead,  the  wdght  of  which  is  ascertained  beforehand,  is 
plunged  in  the  solution.  This  blade  must  be  completely  immersed  in  the  liquor. 
The  vessel  is  then  corked  up,  and  the  experiment  is  left  for  several  hours  at  rest. 
The  lead  predpitates  the  bismuth  in  the  metallic  form.  When  the  whole  of  it  is 
predpitatod,  the  blade  of  lead  is  withdrawn,  washed,  dried,  and  weighed.  The 
bismuth  ia  collected  on  a  filter,  washed  with  distilled  water  which  has  boon  pre- 
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viously  boUod,  and  cooled  out  of  contact  of  the  air ;  this  metal  is  then  tveated  viUi 
carbonate  of  ammonia,  and  the  precipitate  which  if  left,  after  urashing  and  ignitioD, 
is  then  weighed.  The  total  loot  of  the  metallic  lead  employed  indicates  how  mnch 
oxide  of  lead  must  be  subtraoted  from  the  total  weight  of  the  protoxide  of  lead 
obtained. 

BisMiTTH,  OxiDBS  OF. — ^Thoro  are  two  well-defined  oxides  of  bitmnth — the  teroodde 
and  the  pentoxide,  with  an  unimportant  intermediate  oadde.  Of  these  compounds  it  is 
only  necessary  to  notice  the  ieromde  or  bitmutkou$  oxide  BiO'  (81H>*).  This  is  found 
natire  as  bismuth*odire,  and  may  be  readily  formed  by  exposug  the  metal  to  a  red- 
white  heat  in  a  mufOe,  when  it  takes  fire,  bums  with  a  taint  blue  flame,  and  emits  Amies 
which  ocmdense  into  a  yellow  pulyerulent  oxide.  But  an  easier  process  is  to  ignite  the 
nitrate  or  carbonate.  The  oxida  thus  obtained  has  a  straw-yellow  colour,  and  fhses 
at  a  high  heat  into  an  opaque  glass  of  a  dark-brown  or  black  colour;  but  which 
becomes  less  opaque  and  yeUow  after  it  has  cooled.  Its  specific  grayity  is  as  high 
as  8*21 1.  It  consists  of  89*87  of  metal  and  10*18  of  oxygen  in  100  parts.  The  only 
salt  of  this  oxide  used  in  the  arts  is  the  niinttet  iHiich  is  obtained  by  dissolying  metallic 
bismuth  in  warm  nitric  acid.  On  largely  diluting  a  solution  of  the  nitrate  with  water, 
a  sub-nitrate  or  basic-nitrate  is  precipitated.  This  precipitate  was  termed  by  the 
oldat  chemists,  *  magestery  of  bismuth,'  and  is  now  sometimes  caXied  pearf^kUe,  and 
is  employed  as  a  flux  for  certain  enamels,  as  it  augments  their  fusibility,  without 
imparting  any  colour  to  them.  Hence  it  is  used  sometimes  as  a  yehide  of  the  colours 
of  other  metallic  oxides.  When  well  washed,  it  is  employed  in  gilding  porcelain ; 
being  added  in  the  proportion  of  one-fifteenth  to  the  gold.  But  pearl-white  is  most 
used  by  ladies,  as  a  cosmetic  for  giying  a  delicate  whiteness  to  a  £^ed  complexion. 
It  is  called  blanc  dsfard  by  the  Ereiieh.  If  it  contains,  as  bismuth  often  does,  a  little 
silyer,  it  becomes  grey  or  dingy-coloured  on  exposure  to  light.  Another  sort  of  pearl- 
powder  is  prepared  by  adding  a  rery  dilute  solution  of  common  salt  to  the  aboye  nitric 
solution  of  bismuth,  whereby  a  pulyerulent  sub-chloride  of  the  metal  is  obtained  in  a 
light  fiocculent  form.  A  similar  powder  of  a  mother-of-pearl  aspect  may  be  formed 
by  dropping  dilute  muriatic  acid  into  the  solution  of  nitrate  of  bismuth.  The  arsenic 
always  present  in  the  bismuth  of  commerce  is  oonyerlied  by  nitric  acid  into  arsenic 
acid,  wmch,  forming  an  insoluble  arsenate  of  bismuth,  separates  from  the  solution 
unless  there  be  sudi  an  excess  of  nitric  acid  as  to  re-dissolye  it.  Hence  the  medi- 
cinal oxide,  prepared  from  a  rightly-made  nitrate,  can  contain  no  arsenic.  If  we 
write  with  a  oen  dipped  in  that  solution,  the  dry  inyiaible  traces  will  become  legible 
on  plun^png  tne  P^per  in  water. 

The  mtrate  of  bismuth,  mixed  with  a  solution  of  tin  and  tartar,  has  been  employed 
as  a  mordant  for  dyeing  lilac  and  yiolet  in  calico-printing. 

When  the  oxide  is  prepared,  by  dropping  the  nitric  solution  into  an  alkaline  lye 
in  excess,  if  this  precipitate  is  well  washcKl  and  dried,  it  forms  an  excellent  medicine ; 
and  is  ff^yen,  mixed  with  gum  tragacanth,  for  the  relief  of  cardialgia,  or  burning  and 
spasmodic  pains  of  the  stcmiach. 

This  sulh-nitrate  of  bismuth  is  now  commonly  employed  as  a  remedial  agent,  under 
circumstances  which  are  especially  liable  to  attack  the  emigrant;  it  is,  therefore, 
thought  adyisable  to  giye  some  account  of  its  action.  Hie  following  is  extracted  from 
Pereira*8  *  Elements  of  Materia  Medica,'  by  Bentley  and  Bedwood : — 

'  FJ^Mogical  Bleats. — ^In  amaU  doses  it  acts  locally  as  an  astringent,  diminishing 
secretion.  On  account  of  the  frequent  relief  giyen  by  it  in  painful  affections  of  the 
stomach,  it  is  supposed  to  act  on  the  nerves  of  this  yiscus  as  a  sodatiye.  It  has  also 
been  denominated  tonic  and  antispasmodic.  Vogt  says,  that  when  used  as  a  cosmetic, 
it  has  produced  a  spasmodic  trembling  of  the  tacot  ending  in  paralysis. 

*  Ixiiye  medicinal  doses  disorder  the  digcstiye  organs,  occasioning  pain,  yomiting, 
purging,  &c ;  and  sometimes  afibcdng  the  nenrous  system,  and  producing  giddiness, 
insensibility,  with  cramps  of  the  extremities.  On  the  other  hand,  M.  Momeret  states, 
after  seyeral  years'  trial  of  this  medicine,  that  it  may  be  giyen  in  much  larger  doses 
than  are  usually  administered,  and  that  it  is  then  of  the  greatest  yadue  in  gastro- 
intestinal afi&ctions,  especially  those  attended  with  fiuxes. 

*  Therapeutics. — It  has  been  principally  employed  in  those  chronic  affections  of  the 
stomach  which  are  unaccompamed  by  any  organic  disease,  but  which  apparently  depend 
on  some  disordered  condition  of  the  neryes  of  this  yiscus ;  and  hence,  the  efficacy  of 
the  remedy  is  referred  to  its  supposed  action  on  these  parts.  It  has  been  particularly 
used  and  recommended  to  relieye  gastrodynia  and  cramp  of  the  stomach,  to  allay 
sickness  and  yomiting,  and  as  a  remedy  for  pyrosis  or  water-brash.  In  the  latter 
disease  I  giye  it  in  the  form  of  a  powder,  in  doses  of  twenty  grains  thrice  daily,  in 
ooig'unction  with  hydrocyanic  add  mixture,  and  the  patient  rarely  fiuls  to  obtain 
marked  benefit  from  its  use.  It  is  also  used  in  ulcer  of  the  stomach.  Dr.  Theophilus 
Thompson  reoommends  it  in  doses  of  fiye  grains,  combined  with  gum  arable  and 


Digitized  by  VjOOQIC 


BITTER  PRINCIPLE 


851 


magnesia,  in  the  diarrhcoa  accompanying  phthisis,  and  he  thinks  that  both  in  efficacy 
and  safety,  it  surpasses  onr  most  approved  remedies  for  that  complaint.  I  have  used 
it  -with  advantaeo,  in  the  form  of  ointment,  applied  to  the  septum  nasi,  in  ulceration 
of  this  part,  and  as  a  local  remedy  in  chronic  skin  diseases.* 

Much  of  the  sub-nitrate  of  bismuth  of  the  shops  has  been  found  to  contain  nitrate 
of  silver. 

SZttTKa.  (Bistre,  Fr. ;  Bister,  Ger.)  A  brown  colour  which  is  used  in  water- 
colours,  in  the  same  way  as  China  ink.  It  is  prepared  from  wood-soot,  that  of  beech 
being  preferred.  The  most  compact  and  best-burned  parcels  of  soot  are  collected 
^m  the  chimney,  pulverised,  and  passed  through  a  silk  sieve.  This  powder  is 
inAisod  in  pure  water,  and  stirred  frequently  with  a  glass  rod,  then  allowed  to  settle, 
and  the  water  decanted.  If  the  salts  are  not  all  washed  away,  the  process  may  bo 
repeated  with  warm  water.  The  paste  is  now  to  be  poureu  into  a  lopg  narrow 
vessel  filled  with  water,  stirred  well,  and  left  to  settle  for  a  few  minutes,  in  order  to 
let  the  grosser  parts  subside.  The  supernatant  part  is  then  to  bo  poured  off  into  a 
similar  vesseL  T^ns  process  may  be  repeated  twice  or  thrice,  to  obtain  a  very  good 
bistre.  At  last  the  settled  deposit  is  sufficiently  fine,  and,  when  free  from  its  super- 
natant water,  it  is  mixed  with  ffum-water,  moulded  into  proper  cakes  and  dried.  It 
is  not  used  in  oil-painting,  but  has  the  same  effect  in  water-colours  as  brown  jnnk  has 
inoiL 

*  Dr.  MacCuUoch  objects  to  soot  as  a  source  of  bistre,  both  from  the  carelessness 
used  in  collecting  it,  and  the  uncertainty  of  tone  and  colour.  If  the  liquids  resem- 
bling tar,  obtained  from,  the  distillation  of  wood,  be  again  carefully  distilled,  water, 
acetic  add,  and  hydrocarbonaceous  substances,  as  naphtha,  p^s  over,  and  leave  a  resi- 
duum— brown  or  black,  pitch-like,  or  brittle — aocormng  to  the  time  and  temperature 
employed ;  by  prolonging  the  heat  with  care,  the  brittle  substance  becomes  a  powder. 
Br.  UlacCulloch  states  that,  by  care,  bistre  from  wood-tar  may  be  obtained,  having  the 
fineproperties  of  sepia  with  great  depth  of  cdonr. 

Tne  remaricable  bronse-like  varnish,  with  almost  a  metallic  lustre,  seen  upon  the 
interior  of  Highland  cottages,  are  bistre-deposits  from  the  smoke  <^  peat. 

aiTT mU'fk TiMOyB  OZ&«    See  Aluokd  Oil. 

aiTTMH-  A TiMOyB  WATSK.  Water  containing  the  oil  of  bitter  almonds  in 
solution.  It  should  be  proparsd  bv  distillation  from  the  bitter  almonds.  It  is  how- 
ever frequently  made  by  first  rubbing  the  essential  oil  of  bitter  almonds  inth  mag- 
nesia and  mixing  tiiis  with  water;  or  a  solution  of  the  oil  in  spirits  of  wine  is  simply 
added  to  the  water  and  they  are  shaken  together. 

aZTTB&  OU9S,  Wooden  cups  in  which  water  or  other  liquid  is  allowed  to 
stand  until  it  acquires  a  bitter  taste,  and  thus  serves  medicinally  as  a  tonic  These 
caps  are  turned  in  *  bitter  wood,'  or  wood  from  a  West  Indian  tree— the  Picrcnia 
excelsa^IAL, — and  from  other  {dants  belonging  to  the  quassia  order. 

BZmuur.  The  mother-liquor  of  sea-water  left  after  the  crystallisation  of  the 
less  soluble  salts.    The  bittern  is  used  as  a  source  of  bromine. 

aZTTBR  VSOrOXPUk  (Jmer,Ft,;Biiterstoff,Qer,)  The  ' bitter  principles  * 
consist  of  bodies  which  may  be  extracted  from  vegetable  productions  by  the  agency 
of  water,  alcohol,  or  ether.  These  are  lK>t  ctf  much  importance  in  the  arts,  with  a  few 
exceptions.  Luptdin,  the  bitter  principle  of  the  hop,  for  example,  is  used  for  pre- 
serving beer. 

Quassin  is  the  bitter  principle  of  quassia ;  Jbsintkin,  that  of  wormwood ;  and 
Gentianin,  that  of  Gentian.    These  are  sometimes  substituted  for  the  jiop. 

For  particulars  of  these,  and  numerous  other  bitter  principles,  see  *  watts's  Dic- 
tionary of  Chemistry.' 

The  following  list  giyes  the  more  important  of  the  bitter  substances  which  have 
boon  used  in  the  arts  and  in  medicine.    (See  the  articles  respectively)— 


Name 

Part  employed 

Country 

ObBorrations 

Quassia    . 

Wood 

Surinam,  R  Indies 

Powerfully  bitter 

W^ormwood       •        . 

Herb 

Great  Britain 

Ditto 

Aloe         .        .        . 

Inspissated  juice 
Bark 

South  Africa 

Ditto 

Angustura 

South  America 

Ditto 

Orange     . 

...                      . 

South  of  Europe  . 

Aromatic  bitter 

Aooms      . 

Hoot 

Ditto    . 

Ditto 

Carduus  benedictns  . 

Herb 

Greek  Archipelago 

GascariUa         .        . 

Bark 

Jamaica        •        . 

Ditto 

Centaury 
Camomile         .        • 

Herb 

Great  Britain 

Flowers     .        . 

Ditto    . 

Ditto 

Colocynth 

Fruit 

Levant. 

Intolerably  bitter 
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Name 

Part  employed 

Oonnfay 

Colombo  . 

Root 

East  Africa  . 

Very  bitter 

Fumitoiy . 

Herb         .        • 

Great  Britain 

Ditto 

Gentiana  lutea . 

Root 

Switzerland  . 

Ditto 

Ground  Ivy 

Herb 

Great  Britain 

Ditto 

Walmit    , 

Peel 

Ditto    . 

Ditto  with  tannin 

Iceland  moss    . 

Plant 

Ditto    . 

Ditto  with  starch 

Hops 

Scales  of  the  fe- 
male flowers 

Ditto    . 

Aromatic  bitter 

Milfoil      . 

Ditto 

Satyrion,  large-leayed 

Herb 

Ditto 

Rhubarb  . 

Root 

China,  Turkey      . 

Disagreeable  odr. 

Rue          ... 

Herb         .        . 

Great  Britain 

Bitter  and  sharp 

Tansy 

Herb,  flowers    . 

Ditto    . 

Bitter  &offensiYe 

Trefoil,  bitter   .        . 

Herb 

Ditto    . 

Simarouba 

Bark 

Guiana . 

Bryony     , 

Root 

Great  Britain 

Sharp,bitter,  nau- 
seous 

Coffoe       . 

Seeds 

Arabia          • 

Agreeable 

99AM,    A  carbonate  of  lime  and  carbonate  of  magnesia.    See  Dolo- 


(BUuTiie,  Er. ;  Erdpeeh,  Ger.V-This  term,  as  commonly  applied, 
comprises  a  number  of  solid  Tisdd  and  liquid  substances,  resembling  pitch,  tar, 
naphtha  and  the  like,  and  consisting  mainly  of  native  hydrocarbons,  more  or  less 
oxygenated.  Host  of  these  appear  to  be  too  variable  in  composition  to  take  rank  as 
distinct  mineralogical  species,  and  our  knowledge  of  the  chemical  constitution  of  many 
of  them  is  still  very  imperfect.  Professor  Dana,  in  the  last  edition  of  his  *  System  of 
Mineralogy'  (1868),  has  proposed  a  valuable  scientific  classification  of  the  numerous 
hydrocarbons  occurring  m  nature.  It  seems  convenient,  however,  for  practical 
purposes  to  adhere  to  the  older  and  more  popular,  if  less  philosophical  arrangement 

Bitumen  comprises  several  distinct  varieties,  of  which  the  two  most  important  are 
asphaltum  and  naphtha. 

Mphaltum  or  mineral  pUeh  is  solid,  and  of  a  black,  or  brownish-black,  colour, 
with  a  conchddal  brilliant  fracture.  It  is  sometimes  called  Bitumen  qf  JudeOt  from 
its  occurrence  on  the  Dead  Sea,  or  Lake  Asphaltites.    See  Asphalt. 

Naphtha. — ^Liquid  and  colourless  when  pure,  with  a  bituminous  odour.  See 
Naphtha.    The  daricer-colpured  varieties  are  fully  described  under  Pbtrolbuic 

Springs,  of  which  the  waters  contain  a  mixture  of  petroleum,  and  the  various 
minerals  allied  to  it— as  bitumen,  asphaltum,  and  jntch — are  very  numerous,  and  are, 
in  many  cases,  undoubtedly  connected  with  subterranean  heat»  by  the  agency  of  which 
organic  remains  undergo  some  of  those  remarkable  changes  'wmek  ultimately  result 
in  the  formation  of  coaL  Within  a  few  years  many  discoveries  have  been  made  of 
sources  of  fluid  bitumen  and  petroleum  in  both  the  Old  and  Kew  Worlds.  The  im- 
portance of  these  natural  products  renders  it  advisable  to  comprehend  a  description  of 
them  under  one  general  head.  In  one  locality  there  are  said  to  be  620  wells,  which 
yield  annually  400,000  hogsheads  of  petroleum.    See  Pbtbousuic. 

Fluid  bitumen  is  seen  to  oose  ftom  the  bottom  of  the  sea  on  both  sides  of  the  island 
of  Trinidad,  and  to  rise  up  to  the  surface  of  the  water.  It  is  stated  that,  about 
seventy  years' ago,  a  spot  of  land  on  the  western  side  of  Trinidad,  nearly  half-way 
between  the  capital  and  an  Indian  village,  sank  suddenly,  and  was  immediately 
replaced  by  a  small  lake  of  |ntch.  In  this  way,  probably,  was  formed  the  celebrated 
Great  Pitdi  Lake.  Sir  Charles  Lyell  remarks : — *  The  Orinoco  has  for  ages  been 
rolling  down  great  quantities  of  woody  and  vegetable  bodies  into  the  surrounding  sea, 
where,  by  the  influence  of  currents  and  eddies,  they  may  be  arrested  and  accumulated 
in  particular  places.  The  frequent  occurrence  of  earthquakes,  and  other  indications 
of  volcanic  action  in  those  parts,  lend  countenance  to  the  opinion  that  these  vegetable 
substances  may  have  undergone,  by  the  agency  of  subterranean  fire,  those  trans- 
formations or  diemical  changes  which  produce  petroleum ;  and  this  may,  by  the  same 
causes,  be  forced  up  to  the  surface,  where,  by  exposure  to  the  air,  it  becomes  inspissated, 
and  forms  the  different  varieties  of  pure  and  ecuthy  pitch,  or  asphaltum,  so  abundant 
in  the  island.' 

The  Pitch  Lake  is  one  and  a  half  miles  in  circumference ;  the  bitumen  is  solid  and 
cold  near  the  shores,  but  gradually  increases  in  temperature  and  softness  towards  the 
centre,  where  it  is  boiling.    The  solidified  bitumen  appears  as  if  it  bad  cooled,  as  tho 


Digitized  by  VjOOQIC 


BITUMEN  86S 

0ur&oe  boiled,  in  laijge  bixbbles.  The  asoent  to  the  lake  from  the  sea,  a  distance  of  thiee^ 
quarters  of  a  mile,  is  oorered  with  a  hardened  pitch,  on  which  trees  and  yegetables 
flourish ;  and  abont  Point  la  Braye,  the  masses  of  pitdi  look  like  blade  rocks  among  the 
foliage :  the  lake  is  underlaid  bj  a  bed  of  mineral  coal. — (Manroas,  quoted  bj  D^ia.) 

The  Earl  of  Dundonald  remarks,  that  vegetation  contiguous  to  the  lake  of  Trini- 
dad is  most  luxuriant  The  best  pine-apples  in  the  West  Indies  (called  black  pines) 
grow  wild  amid  the  pitch. 

Asphaltum,  or  solid  bitumen,  is  abundant  on  the  shores  of  the  Dead  Sea.  It 
occurs  in  the  mountain-limestone  of  Derbysl^re  and  Shropshire,  and  has  been  found  in 
granite,  with  quartz  and  fluor  spar,  at  Poldice,  in  Cornwall.  There  is  a  remarkable 
bituminous  lime  and  sandstone  of  the  region  of  Bechelbronn  and  Lobsann,  in  Alsace. 
From  the  observations  of  Baubr^  we  learn  that  probablj  this  bitumen  has  had  its 
origin  as  an  emanation  from  the  interior  of  the  earth ;  and  indeed,  in  Alsace,  with 
the  great  elevated  fissure  of  the  sandstone  of  the  Yosges,  a  fissure  which  was  certainlj 
open  before  the  deposit  of  the  Trias,  but  was  not  yet  closed  during  the  tertiary  epoch, 
affiirding  during  tnis  latter,  moreover,  an  opportanity  for  the  deposition  of  spathio' 
iron  ore,  iron  pyrites,  and  heavy  spar. — Anfuuea  des  Mines. 

Bituminous  limestones  are  also  found  abundantly  at  Pvrimont,  near  Seyssel,  in  the 
B^p.  de  TAin,  France,  and  in  the  Val  de  Travers,  iTeufchAtel,  in  Switzerland.  Both 
these  rocks  have  been  worked  for  the  sake  of  their  bitumen. 

In  addition  to  the  bituminous  substances  alreadv  mentioned— asphalt,  naphtha,  and 
petroleum — there  are  a  number  of  closely  related  minerals,  such  as  pittaaphalt  and 
fMdika,  or  mineral  tar;  eUUerite  or  eiaaHo  hiiwnen;  hateheitinet  or  mineral  taUow^ 
ogoeorite,  &c.     The  more  important  of  these  are  described  under  their  respective 


Of  ordinary  bitumen,  we  give  ultimate  analyses  of  two  spedmens :  one  by  Ebelmen, 
"^o  obtained  his  sample  from  the  Auvergne ;  and  the  oUier  by  Boussingault,  of  a 
Femvian  specimen : — 

Anvet^ine*  PsKuvisiu 

Carbon         •       •        .        •        76*18         •       •       88*68 


Hydrogen 
Oxygen 
Nitrogen 
Ash      . 


9-41         •        .  9*69 
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841 
82/ 
1*80 


1*68 


100*00         *  10000 


Bitumen  in  many  of  its  varieties  was  known  to  the  ancients.  It  was  used  by  them 
combined  with  lime,  in  their  buildings.  Not  only  do  we  find  the  ruined  walls  of 
temples  and  palaces  in  the  East,  wi£  the  stones  cemented  with  this  material,  but 
some  of  the  old  Boman  castles  in  this  country  are  found  to  hold  bitumen  in  the 
•ement  by  iriiich  their  stones  are  secured.  At  Agrigentum  it  was  burnt  in  lamps,  and 
called  *  Sicilian  oiL'    The  li^gyptians  used  it  for  embalming.— l^afMC 

On  the  employment  of  bitumen  for  pavements.  Dr.  lire  has  the  following  remai^ : — 
It  is  a  very  remaricable  iiict,  in  the  history  of  the  useful  arts,  that  asphalt,  which 
was  so  generally  employed  as  a  solid  and  durable  cement  in  the  earliest  constructions 
upon  record,  as  in  the  walls  of  Babylon,  should  for  so  many  thousand  years  have 
fallen  well  nigh  into  disuse  among  civilised  nations.  For  there  is  certainly  no  dass 
of  mineral  substances  so  well  fitted  as  the  bituminous,  by  their  plasticity,  fusibility, 
tenadty,  adhesiveness  to  surfaces,  impenetrability  by  water,  and  unchuigeableness 
in  the  atmosphere,  to  enter  into  the  composition  of  terraces,  foot-pavements,  roofki, 
and  every  kind  of  hydraulic  work.  Bitumen,  combined  with  calcareous  earth,  forms 
a  compact  semi-elastic  solid  which  is  not  liable  to  snfier  iijury  by  the  greatest 
alternations  of  frost  and  thaw,  which  often  disintegrate  in  a  few  years  the  hardest 
stone,  nor  can  it  be  ground  to  dust  and  worn  away  In^  the  attrition  of  the  feet  of  men 
and  animals,  as  sandstone,  fiags,  and  even  blocks  of  ^nite  are.  An  asphalt  pave- 
ment, rightly  tempered  in  tenacity,  solidity,  and  elastadty,  seems  to  be  incapable  of 
suffering  abrasion  in  the  most  crowded  thoroughfares ;  a  fiict  exemplified  of  late  in  a 
few  places  in  London,  but  much  more  extensively,  and  for  a  much  longei  time,  in 
Paris. 

The  great  Place  de  la  Concorde  (formerly  Place  Louis  Quimse)  is  covered  with  a 
beautiful  mosaic  pavement  of  asphidt ;  many  of  the  promenades  on  the  Boulevards, 
formerly  so  filthy  in  wet  weather,  are  now  ooverea  with  a  thin  bed  of  bituminous 
mastic,  f^  alike  from  dust  and  mud ;  the  foot-paths  of  the  Pont  Boyal  and  Pont 
Carousel,  and  the  areas  of  the  great  public  slan^tec-houses,  hava  been  for  several 
years  paved  in  a  rimilar  manner  with  perfect  suooees.  It  is  much  to  be  regretted  that 
the  asphalt  companies  of  London  made  the  iU-jodgedt  and  DMily  aboctlrot  attompt 
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to  pave  the  caniage-^vray  near  the  east  end  of  Oxford  Stseet,  and  especially  at  a  mout 
season,  most  unpropitions  to  the  laying  of  bituminona  mastic.  Being  formed  of 
blocks  not  more  than  three  or  four  in(£es  thick,  many  of  vhich  contained  much 
siliceous  sand,  such  a  pavement  could  not  possibly  resist  the  crash  and  vibration  of 
many  thousand  heavy  drays,  -waggons,  and  omnibuses  daily  rolling  over  it.  This 
fjEtilure  can  a£ford,  however,  no  argument  against  rightly-constructed  foot-pavements 
and  terraces  of  asphalt.  Numerous  experiments  and  observations  have  led  me  to 
conclude  that  fossil  bitumen  possesses  far  more  valuable  properties  for  making  a 
durable  mastic  than  the  solid  pitch  obtained  by  boiling  wood  or  coal  tar.  The  laUer, 
when  inspissated  to  a  proper  degree  of  hardness,  becomes  brittle,  and  may  be  readily 
crushed  into  powder ;  while  the  former,  in  like  circumstances,  retains  sufficient  tena- 
city to  resist  abrasion.  Factitious  tar  and  pitch  being  generated  by  the  force  of  fire, 
seem  to  have  a  propensity  to  decompose  by  the  joint  agency  of  water  and  air,  whereas 
mineral  pitch  has  been  known  to  remain  for  ages  without  alteration. 

Bitumen  alone  is  not  so  well  adapted  for  making  a  substantial  mastic  as  the  native 
compoimd  of  bitumen  and  calcareous  earth,  which  has  been  properly  called  asphaltic 
roclC  of  which  the  richest  and  most  extensive  mine  is  unquestionably  that  of  the 
Val  de  Travers,  in  the  canton  of  NeufchAtel.  This  interesting  mineral  deposit  occurs 
in  the  Juiassio  limestone  formation,  the  equivalent  of  the  English  oolite.  The  mine 
is  very  accessible,  and  may  be  readily  excavated  by  blasting  with  gunpowder.  The 
stone  is  massive,  of  irregular  fioicture,  of  a  liver-brown  colour,  and  is  interspersed  with 
a  few  minute  spangles  of  calcareous  spar.  Though  it  may  be  scratched  with  the  nail, 
it  is  difficult  to  break  by  the  hammer.  When  exposed  to  a  very  moderate  heat,  it  ex- 
l^les  a  fragrant  ambrofoal  smell,  a  property  whicn  at  once  distinguishes  it  fi^mi  all 
compounds  of  factitious  bitumen.  Its  specific  gravity  is  2*114, — ^water  being  1*000, — 
being  nearly  the  density  of  bricks.  It  may  be  most  conveniently  analysed  by  digesting 
it  in  successive  portions  of  hot  oil  of  turpentine,  whereby  it  afi^^ds  80  parts  of  a  white 
pulverulent  carbonate  of  lime,  and  20  parts  of  bitumen  m  100.  The  asphalt  rock  of 
Val  de  TravezB  seems  thereforQ  to  be  far  richer  than  that  of  Pyrimont,  which,  ac- 
cording to  the  statement  in  the  specification  of  Claridge's  patent  of  November,  1837, 
contains  'carbonate  of  lime ^nd  bitumen  in  about  the  proportion  of  90  parts  of  car- 
bonate of  lime  to  about  10  parts  of  bitumen.! 

The  calcareous  matter  is  So  intimately  combined  and  penetrated  with  the  bitumen 
as  to  resist  the  action  not  only  of  air  and  water  for  any  length  of  time,  but  even  of 
muriatic  acid;  a  circumstance  ]partly  due  to  the  totid  absence  of  moisture  in  the 
mineral,  but  diiefly  to  the  vast  incumbent  pressure  under  which  the  two  materials 
have  been  incorporated  in  the  bowels  of  the  earth.  It  would  indeed  be  a  difficult 
matter  to  oombino,  by  artificial  methods,  calcareous  earth  thus  intimately  with  bitu- 
men, and  for  this  reason  the  mastics  made  in  this  way  are  found  to  be  much  more 
perishable.  Many  of  the  factitious  asphalt  cements  contain  a  considerable  quantity 
of  siliceous  sand,  from  which  they  derive  the  property  of  cracking  and  crumbling  down 
when  trodden  upon.  In  fSact,  there  seems  to  be  so  little  attraction  between  siliceous 
matter  and  bitumen,  that  their  parts  separate  fix)m  each  other  by  a  veiy  small  disrup- 
tive force. 

Since  the  asphalt-rock  of  Val  de  Travers  is  naturally  rich  enough  in  concrete  bitu- 
men, it  may  be  converted  into  a  plastic  workable  mastic  oi  excellent  quality  for  foot- 
pavements  and  hydraulic  works«t  veiy  little  exjpense,  merely  by  the  action  of  a  very 
small  quantity  d  mineral  or  oo^  tar,  amounting  to  not  more  than  6  or  8  per  cent. 
The  umon  between  these  materi^  may  be  eff^ied  in  an  iron  cauldron,  by  the  appli- 
cation of  a  veiy  moderate  heat,  as  the  asphalt-bitumen  readily  ooaleeoes  with  the  tar 
into  a  tenacious  solid. 

The  mode  adopted  for  making  the  asphalt  pavement  at  the  Place  de  la  Con- 
corde in  Paris  was  as  followv :— l^e  ground  was  made  uniformly  smooth,  either  in 
a  horizontal  Blane  or  with  a  gentle  slope  to  carry  off  the  water  ;  the  curb-stones 
were  then  laid  round  the  margin  by  the  mason,  more  than  4  inches  above  the  level  of 
the  ground.  This  hollow  space  was  filled  to  a  depth  of  8  inches  with  concrete, 
containing  about  a  sixth  part  of  hydraulic  lime,  well  pressed  upon  its  bed.  The  sur- 
face was  next  smoothed  with  a  thin  coat  of  mortar.  When  the  whole  mass  had  be- 
come perfectly  dry,  the  mosaic  patte^m  was  set  out  on  the  surface,  the  moulds  beinf 
formed  of  fiat  iron  bars,  rings,  &c,  about  half  an  inch  thick,  into  which  the  fluid 
mastic  was  ^ured  by  ladles  &om  a  cauldron,  and  spread  evenly  over. 

The  mastic  was  made  in  the  following  way : — ^The  asphalt  rock  was  first  of  all 
roasted  in  an  oven,  about  IQ  feet  long  and  3  broad,  in  order  to  render  it  triable. 
The  bottom  of  the  oven,  was  sheet-iron,  heated  below  by  a  brisk  fire,  A  volatile 
matter  exhaled,  probfil^ly  of  the  natnxe  of  najjitha,  to  the  amount  of  one-fortieth  the 
v^htof  aqphaU;  aftei^  x^iwi^ng,  the  a«phalt  became  so  friable  as  to  be eadly  reduced 
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to  powder,  and  passed  throngfa  a  sieve  haTing  meshes  of  about  one-f ouith  of  an  inch 
square. 

The  Htctmen  destined  to  render  the  asphalt  Aisible  and  plastic  was  melted,  in  small 
quantities  at  a  time,  in  an  iron  cauldron,  and  then  the  asphalt  in  powder  was  gradually 
stirred  in  to  the  amount  of  12  or  13  times  the  weight  of  bitumen.  When  the  mixture 
became  fluid,  nearly  a  bucketful  of  very  small,  clean  gravel,  previously  heated  apart, 
was  stirred  into  it ;  and,  as  soon  as  the  whole  began  to  simmer  with  a  treacly  con- 
sistence, it  was  fit  for  use.  It  was  transported  in  budcets,  and  poured  into  the  moulds. 
For  the  reasons  above  assigned,  I  consider  this  addition  of  rounded,  polished,  sili- 
eeous  stones  to  be  very  injudicious.  If  an3rthing  of  the  kind  be  wantea  to  give  soli- 
dity to  the  pavement,  it  should  be  a  granioc  or  hard  calcareous  sand,  whose  angular 
form  will  secure  the  cohesion  of  the  mass.  I  conceive  also,  that  liquid  bitumen  in 
modonta  quantity  should  be  used  to  give  toughness  to  the  asphaltic  combination,  and 
prevent  its  being  pulverised  and  abraded  by  Action. 

In  the  able  report  of  the  Bastenne  and  (^aujac  Bitumen  Company,  drawn  up  by 
JCeesrs.  Ooldsmid  and  Bnssel,  these  gentlemen  have  made  an  interesting  comparison 
between  the  properties  of  mineral  tar  and  vegetable  tar :  the  bitumen  composed  of  the 
latter  substance,  inehiding  various  modifications  extracted  from  coal  and  gas,  has,  so 
&r  as  they  were  able  to  ascertain,  entirely  fidled.  This  bitumen,  owing  to  the  quali- 
ties and  effects  of  vegetable  tar,  becomes  soft  at  116°  of  Fahrenheit's  scale,  and  is 
brittle  at  the  fireezinff  point ;  while  the  bitumen  into  which  mineral  tar  enters  will  sus- 
tain 170°  of  heat  without  injury.  In  the  course  of  the  winter,  1887-38,  when  the  cold 
was  at  14^°  below  aero  0.,  the  bitumen  of  Bastenne  and  G^igac,  with  which  one  side 
of  the  Pont  Neuf  at  Paris  is  paved,  was  not  at  all  impaired,  and  would,  apparentiy, 
have  resisted  any  degree  of  ccdd ;  while  that  in  some  part  of  the  Boulevard,  which  was 
composed  of  vegetable  tar,  cracked  and  opened  in  white  fissures.  The  French  (Go- 
vernment, instrvKstad  by  these  experiments,  has  required,  when  any  of  the  vegetable 
bitumens  are  laid,  that  the  pavement  should  be  an  inch  and  a  quarter  thick ;  whereas, 
where  the  bitumen  omnposed  of  mineral  tar  is  used,  a  thickness  of  three-quarters  of 
an  inch  is  deemed  sufficient  The  pavement  of  the  bonding  warehouses  at  Bordeaux 
has  been  laid  upwards  of  15  yaars^  the  Bastenne  Company,  and  is  now  in  a  condition 
as  perfect  as  when  first  fomrad.  The  reservoirs  constructed  to  contain  the  waters  of 
the  Seine,  at  Batignolles,  near  Paris,  have  been  mounted  six  years,  and  notwithstanding 
the  intense  cold  of  the  winter  of  1837,  which  froce  the  whole  of  their  contents  into  one 
solid  mass,  and  the  perpetual  water-pressure  to  which  they  are  exposed,  they  have  not 
betrayed  the  slightest  imperfection  in  any  point.  The  repairs  done  to  the  ancient  for- 
tifications at  Bayonna  have  answered  so  well,  that  the  Government  many  years  ago 
entered  into  a  very  large  contract  with  the  company  for  additional  works,  while  the 
whole  of  the  arches  of  St  Germain  and  8t  Cloud  railways,  and  the  pavements  and 
floorings  necessary  for  these  wo^s,  have  been  laid  with  Bastenne  bittmien. 

^Hia  mineral  tar  in  the  mines  ci  Bastenne  and  Gatgac  is  easilv  separated  from  the 
•arthy  matter  with  which  it  is  naturally  mixed,  by  the  process  of  bouing,  and  is  then 
taEansported  in  barrels  to  Paris  or  London,  being  laid  down  in  the  latter  place  to  the 
company  at  17'.  per  ton,  in  virtue  of  a  monopoly  of  the  article  purchased  by  the  Com- 
painr  at  a  sum,  it  is  said,  of  8,000{. 

Mr.  Hiuvey,  the  superintendent  of  the  Bastenne  Coinpany,  was  good  enough  to 
Bupidy  me  ymh  various  samples  of  minexal  tar,  bitumen,  and  asphaltic  rock  for 
ana^rsis.  The  tar  of  Bastenne  is  an  exceedingly  viscid  mass,  without  any  earthy  im-» 
purity.  It  has  the  oonristenoe  of  baker^s  dou^  at  60^  of  Fahrenheit ;  at  80°  it  yields 
to  the  slightest  pressure  of  the  flnger ;  at  150°  it  resembles  a  soft  extract ;  and  at 
212*''  it  hu  the  fluidity  of  molasses.  It  is  a(hnirably  adii^»ted  to  give  plosticiby  to  the 
caleareous  aspuarts* 

A  specimen  of  Egyptian  asphalt  which  he  brought  me  gave,  by  analysis,  the  very 
same  oomposition  as  the  Val  de  Travers,  namely  80  per  cent  of  pure  carbonate  of 
Hme,  and  20  of  bitumen.  A  specimen  of  mastic  prepared  in  France  was  found  to 
consist,  in  100  parts,  of  29  of  bitumen,  52  of  carbonate  of  lime,  and  19  of  siliceous 
sand.  A  portion  of  stone  called  the  natural  Bastenne  rock  afforded  me  80  parts  of 
critty  siliceous  matter  and  20  of  thick  tar.  The  Trinidad  bitumen  contains  a  consi- 
derable portion  of  foreign  earthy  matter :  one  specimen  yielded  me  25  per  cent  of 
siliceous  sand ;  a  second,  28 ;  a  third,  20 ;  and  a  fourth,  30 ;  the  remainder  was  pure 
pitch.  One  specimen  of  Egyptian  bitumen,  specific  gravity  1  '2,  was  found  to  be  perfectly 
pure,  for  it  dissolved  in  ^  of  turpentine  without  leaving  any  appreciable  residuum. 

As  the  specific  gravitv  of  properly  made  mastic  is  nearly  double  that  of  water,  a 
cnbio  foot  of  it  will  weigh  from  125  to  130  lbs. ;  and  a  square  foot,  three  quarters  of 
an  indi  thick,  will  weig^  vecy  nearly  8  pounds. 

It  has  been  thought  advisable  to  preserve  these  remarks  on  bitumen,  although 
written  several  years  ago,  especially  as  the  recent  attempts  to  introduce  bitnminou3 
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6ub8tAnco8  for  paying  soem  likely  to  be  successful.  Burins  the  last  few  years,  seyeral 
experimental  patches  of  asphalt-paving  have  been  laid  down  in  some  of  the  most 
active  thorou^i&res  of  the  metropolis.  Such  paving  recommends  itself  by  being 
much  cleaner  and  quieter  under  heavy  traffic  than  an  ordinaiy  granite  pavement,  but 
has  the  disadvantage  of  becoming  extremely  slippery  when  the  surfiace  is  slightly 
moistened  by  rain.  It  is  said,  however,  that  this  slipperiness  only  lasts  while  the 
pavement  is  moderately  damp,  and  that  but  few  horses  fall  on  the  asphalt  during 
either  diy  or  thoroughly  wet  weather.  The  liquid  Val  .de  Travers  asphalt,  the 
Limner  asphalt,  andBamett*s  liquid  asphalt  are  all  mixed  with  grit  or  sand,  and  thus 
present  rougher  surfiaces  than  those  pavings  which  consist  of  asphalt  alone — such  as 
the  ordinary  compressed  asphalt  of  the  Val  de  Travers  Company.  See  PAVBMSinr, 
Asphalt  and  Mastic. 

SZTVMZVOIJ8  <JOA&.  Goal  rich  in  bituminous  matter.  Fitch  or  caking  coal, 
cheny  coal,  splint  coal,  cannel  coal,  coking  coal,  and  some  others,  are  varieties  of 
bituminous  coal.    See  Coat, 

BULIM  and  WOMMMM*  Two  conditions  of  the  cdouzing-matter  of  Amatto» 
according  to  Preisser.    See  Abnatto. 

B&AOX  iiWriinrM  Pitch  coal  is  so  called  by  the  amber-diggen  of  Prussia, 
and  it  is  manufactured  by  them  into  jet-like  ornaments. 

B&ACX  BAVB.  A  variety  of  we  carbonate  of  iron,  to  which  attention  was  first 
called  by  Mr.  Mushet  at  the  commencement  of  the  present  century.  The  iron  manu- 
facture of  Scotland  owes  its  present  important  position  to  the  discovery  of  the  value 
of  the  black-band  ironstone.  This  ore  of  iron  is  also  found  in  seyeral  parts  of  the 
coal-basin  of  South  Wales,  and  in  the  north  of  Ireland.  The  chemical  composition  of 
the  black-band  iron  ores  will  be  given  in  connection  with  that  of  other  minerals  of 
the  same  class.    See  Ibok  Obbs. 

B&ACX  OMAUK.  A  kind  of  day  containing  a  large  amount  of  carbon.  It  is 
found  in  Carnarvonshire  and  in  the  Island  of  Islay. 

B&ACX  OOAXi.  Slate^  coal,  cannel  coal,  and  foliated  coal,  were  so  called  by 
Jameson  and  other  mineralogists  df  his  day. 

B&AOX-OOBA£T  OOKBB.    See  Cobalt,  Eaiktbt. 

B&AOX  009WMMU    An  impure  black  oxide  of  copper.    See  Coffkr. 

mxULClL  BTB.  {Teinie  noire,  Fr. ;  ScAwarze  Farie,  Ger.)  Textile  &bzics  are 
dyed  bv  yarious  processes,  according  to  the  quality  of  the  blade  required,  and  the  kind 
of  stuff  on  which  the  dye  is  to  be  produced.  Under  Amilinb-Black  the  process  by 
which  that  black  dve  is  prepared  is  already  described ;  but  the  following  process  for 
using  an  aniline-black  as  a  dye  for  cotton  goods  by  M.  J.  Persol  properly  finds  its 
place  here: — 

*  Chemists  have  long  tried  to  make  use  of  the  beautiful  black  predpitate  produced 
by  t^e  action  of  bichromate  of  potassa  for  the  solution  ^f  certain  aniline  salts  as  a 
dye  for  calicoes,  but  without  success ;  if  the  solution  was  concentrated,  the  blsMck  was 
soon  precipitated  to  the  bottom  of  the  bath ;  if;  on  the  other  hand,  it  was  dilute,  the 
black,  owing  to  the  absence  of  a  sufficiently  powerful  oxidation,  was  not  fanned  at 
all,  or  in  insufficient  quantity. 

'  l^s  trouble  it  was  attempted  to  remoye  by  cooling  down  the  solutions  nearly  to 
sero.  But  this  produced  another  difficulty,  the  ehiomate  of  aniline  dystaUising  out 
at  that  temperature  when  the  solutions  were  suffidently  conoentrated  to  produce  th» 
desired  dye.  Wherever  these  spots  existed  in  the  cloth  on  subsequent  drying,  a  mutual 
reaction  took  place  between  the  constituents  of  the  chromate  of  aniline,  causing  such 
a  rise  of  temperature  as  not  unfrequently  to  set  fire  to  the  doth. 

'  To  overcome  these  various  difficulties  the  following  expedients  were  adopted : — 
By  means  of  a  horizontal  brush,  to  which  a  redprocating  motion  was  given  in  a  yertical . 
direction,  the  solutions,  either  together  or  one  after  uie  other,  were  cast  upon  the 
doth,  while  tightly  stretched,  in  the  form  of  a  fine  spray.  By  this  means,  however 
rapidly  die  reaction  took  place,  it  could  not  possibly  do  so  until  the  solutions .  were 
intimately  mixed  together  upon  the  doth,  the  latter  being  at  the  same  time  thoroughly 
wetted  with  it. 

*  The  salts  found  to  be  most  suitable  for  this  reaction  are  the  sulphate,  hydrochlo- 
ride, and  the  nitrate.  No  black  is  obtainable  with  the  acetate ;  and  Uie  taxtante* 
oxalate,  and  citrate  are  more  or  less  unfitted  for  the  production  of  a  good  colour. 

'  If  a  too  nearly  neutral  solution  is  used  there  is  great  difficulty  in  produdng  the 
colour ;  if  the  solutions  are  too  add  the  black  is  formed  so  rapidly  that  the  solutions 
have  not  time  to  mix  suffidently  and  to  penetrate  the  doth. 

'  As  the  result  of  numerous  experiments  with  hydrochloric,  sulphuric,  and  nitric 
add  salts,  the  author  came  to  the  condudon  that: — 1.  The  employment  of  neutral 
aniline  salts  was  inefifective.  2.  The  bi-add  aniline  salts,  espec^y  the  bi-sulphate, 
give  good  leaults.    Of  tiie  tri-add  salts  t|ie  hydiocbloridp  is  the  best.    d.  The  sol-r 


Digitized  by  VjOOQIC 


BLACK  DTE  357 

phates  giT6  a  reddish  black ;  the  hydrochloric  and  nitric  acid  salts  yield  a  black  with 
a  bine  lustre.    4.  Equal  Tolumes  ^  bi-sulphate  and  bi-hydrochloride  of  aniline  giye 
excellent  Teeults.    5*  The  bi-chromate  of  potash  solution  must  be  concentrated,  con- 
taininff  not  less  than  80  grammes  of  salt  to  the  litre. 
*  A  dark  green  is  first  ]produced  on  passing  th&  cloth  into  a  hot-soap  bath.    After 


-washing  it  thoroughly  this  passes  into  pure  black. 
*  By  printing  the  cloth  with  &tty  matters 


J  printing  the  cloth  with  &tty  matters  or  resins,  preyious  to  the  application  of 
the  d^reing  solutions,  white  patterns  on  a  black  ground  can  be  obtained.' 

The  following  processes  for  dyeing  woollen  stuff  will  be  found  to  produce  excellent 
results.  For  1  cwt.  of  doth  previously  dyed  blue : — ^There  is  put  into  a  boiler  of 
middle  sise,  18  lbs«  of  logwood,  with  the  same  quantity  of  Aleppo  galls,  the  whole 
being  enclosed  in  a  bag ;  this  is  boiled  in  a  sufficient  quantity  of  water  for  12  hours : 
one-uiird  of  this  decoction  is  transferred  into  another  boiler  with  2  pounds  of  yerdi- 
gris ;  and  the  stuff  is  passed  through  this  solution,  stirring  it  continually  during  two 
hoursy  taking  care  to  keep  the  bath  yery  hot  without  boiling.  The  stuff  is  then  lifted 
out,  another  third  of  the  bath  is  added  to  the  bcnler,  along  with  8  pounds  of  sulphate 
of  iron  or  green  yitrioL  The  fire  is  to  be  lowered  while  the  sulphate  dissolyes,  and 
the  bath  is  allowed  to  cool  for  half  an  hour,  after  wUch  the  stuff  is  introduced,  and 
well  moyed  about  for  an  hour,  and  then  it  is  taken  out  to  air.  Lastly,  the  remain- 
ing third  of  the  bath  is  added  to  the  other  two,  taking  care  to  squeeze  the  baj;^  well. 
18  or  22  lbs.  of  sumach  are  thrown  in ;  the  whole  is  just  brought  to  a  boil,  and 
then  refreshed  with  a  little  cold  water ;  2  pounds  more  of  sulphate  of  iron  are  added, 
after  which  the  stuff  is  turned  through  far  an  hour.  It  is  next  washed,  aired,  and 
put  again  into  the  bath,  stirring  it  continually  for  an  hour.  After  this,  it  is  carried  to 
the  nyer,  washed  well,  and  wen  fulled.  Wheneyer  the  water  runs  oS  clear,  a 
bath  is  prepared  with  weld*  which  is  made  to  boil  for  an  instant ;  and  after  refresh- 
ing the  bath,  the  stuff  is  turned  in  to  soften,  and  to  render  the  black  more  fast. 
In  this  manner  a  yery  beautiful  black  is  obtained,  without  rendering  the  doth  too 
harsh. 

Commonly,  more  simple  processes  are  employed.  Thus  the  blue  cloth  is  simply 
turned  through  a  bath  oi  g^-nutSt  where  it  is  boiled  for  two  hours.  It  is  next  passed 
through  a  bath  of  logwood  and  sulphate  of  iron  for  two  hours,  without  boiling,  alter 
which  it  is  washed  and  f^ed.  But  in  all  cases  the  doth,  after  passing  throi^  the 
blue  yat,  should  be  thoroughly  washed,  because  the  least  remains  of  its  alkalinity 
would  iigure  the  tone  to  be  giyen  in  the  black  copper. 

Hellot  found  that  the  dyeing  might  be  performed  in  the  following  manner : — ^For 
20  yuds  of  dark  blue  doth  a  Ixtth  is  made  of  2  lbs.  of  fustic  (Madura  tinctorial  4|  lbs. 
of  loffwood,  and  11  lbs.  sumach.  After  boiling  the  cloth  in  it  for  three  hours  it  is 
lifted  out,  11  lbs.  of  sulphate  of  iron  are  thrown  into  the  boiler,  and  the  doth  is  then 
passed  through  it  during  two  hours.  It  is  now  aired,  and  put  again  in  the  bath  for 
an  hour.  It  is,  lastly,  washed  and  scoured.  The  black  is  less  yelyefy  than  that  by 
the  preceding  process.  Experience  conyinced  him  that  the  maddering  prescribed  in 
the  ancient  regulations  only  giyes  a  reddish  cast  to  the  black,  which  is  obtained  fijier 
and  more  ydye^  without  madder. 

According  to  Lewis,  the  proportions  which  the  English  dyers  most  generally  adopt 
are,  for  112  lbs.  of  woollen  doth,  preyiously  dyed  of  a  dark  blue,  about  6  lbs.  of  std- 
phate  of  iron,  as  much  gall-nuts,  and  30  lbs.  of  logwood.  They  beein  by  galling  the 
doth ;  they  then  pass  it  through  the  decoction  of  logwood  to  whidi  the  sulphate  of 
iron  has  been  added. 

When  the  doth  is  completely  drod,  it  is  washed  in  the  riyer,  and  passed  through  the 
fdlling-mill  till  the  water  runs  off  dear  and  colourless.  Some  persons  recommend,  for 
fine  cloths,  to  full  them  with  soap-water.  This  operation  requires  an  expert  workman, 
who  can  free  the  doth  thoroughly  from  the  soap.  Several  recommend,  at  its  coming 
from  the  fulling,  to  pass  the  doth  through  a  bath  of  weld,  with  the  yiew  of  giving  sof^ 
ness  and  solidity  to  the  black.  Lewis  says,  that  passing  the  doth  through  weld,  after 
it  has  been  treated  with  soap,  is  absolutely  useless,  although  it  may  be  benefidal  when 
this  operation  has  been  neglected. 

The  following  German  process  is  cheap  and  good.  100  lbs.  of  cloth  or  wool  are 
put  into  the  copper  with  euffldent  water  and  15  lbs.  of  Salzburg  yitrid  (potash-sul- 
phate of  iron)  and  5  lbs.  of  argol,  heating  the  bath  gradually  to  boiling,  while  the 
goods  are  well  worked  about  for  two  hours,  taking  them  out,  and  laying  them  in  a 
cool  place  for  twenty-four  hours.  They  are  then  to  be  put  in  a  lukewarm  bath  of 
from  25  to  30  lbs.  of  logwood,  and  10  lbs.  of  Aistic,  and  to  be  worked  therein  while 
it  is  made  to  boil  during  two  hours.  The  goods  are  now  removed,  and  there  is  put 
into  the  copper  1^  lbs.  of  verdigris  dissolved  in  vinegar ;  the  goods  are  restored  into 
the  impzo^  bath,  and  turned  in  it  for  half  an  hour,  after  which  they  are  rinsed  and 
dried* 
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The  process  for  dyeing  merinos  black  is,  for  100  lbs.  of  them  to  put  10  lbs.  of  cop- 
peras  into  the  bath  of  pore  -water,  and  to  work  therein  for  a  quarter  of  an  hour,  a^ 
soon  as  it  is  tepid,  one-tlurd  of  the  goods ;  then  to  replace  that  portion  by  the  second, 
and  after  another  quarter  of  an  hour,  to  put  in  the  last  third.  Each  portion  is  to  be 
laid  aside  to  air  in  the  cold.  The  bath  being  next  heated  to  140°  F.,  the  merinos 
are  to  be  treated  as  above  piecemeal ;  but  the  third  time  it  is  to  be  passed  throng 
the  bath  at  a  boiling  heat  Being  now  well  mordanted,  the  goods  are  laid  aside  to  air 
till  the  following  day.  The  copper  being  charged  with  water,  60  lbs.  of  ground  log- 
wood, and  2  lbs.  of  argol,  and  heated,  the  goods  are  to  be  passed  through,  while  boiling, 
for  half  an  hour.    They  are  then  rinsed. 

Different  operations  may  be  distinguished  in  dyeing  silk  black :  the  bmling  of  the 
silk,— its  galling,--^e  preparation  of  the  baui, — ^the  operation  of  dyeing, — the 
softening  cf  the  black. 

Silk  naturally  contains  a  gummy  substance,  which  gives  it  the  stiffiiess  and  elas- 
ticity peculitur  to  it  in  its  native  state ;  but  this  adds  nothing  to  the  strength  cf  the 
silk,  which  is  then  styled  raw ;  it  rather  renders  it,  indeed,  more  apt  to  wear  out  by 
the  stiffiiess  which  it  communicates ;  and  although  raw  silk  more  reaidily  takes  a  black 
colour,  yet  the  black  is  not  so  perfect  in  intensity,  nor  does  it  so  well  resist  the 
reagents  capable  of  dissolving  the  colouring  part^des,  as  silk  which  is  scoured  or 
deprived  of  its  gum. 

To  cleanse  silk  intended  for  bladk,  it  is  usually  boiled  four  or  five  hours  with  one- 
fifth  of  its  weiffht  of  white  soap,  after  which  it  is  carefully  beetled  and  washed. 

For  the  galling,  nut-galls  equal  nearly  to  three-fourths  of  the  weight  of  the  silk 
are  boiled  during  three  or  four  hours ;  but  on  account  of  the  price  ot  Aleppo  galls, 
more  or  less  of  the  white  gall-nuts,  or  of  even  an  inferior  kind  called  galon,  beny  or 
apple  galls,  are  used.  The  {nroportion  commonly  employed  at  "Pans  is  two  parts  of 
Aleppo  galls  to  from  eight  to  ten  parts  of  galon.  Aftsr  the  boiling,  the  galls  are 
allowed  to  settle  for  about  two  hours.  The  silk  is  then  plunged  into  the  bath,  and 
left  in  it  from  twelve  to  thirty-six  hours,  after  which  it  is  taken  out  and  washed  in 
the  river. 

Silk  is  capable  of  combining  with  quantities,  more  or  less  considerable,  of  the  astrin- 
gent prindme ;  whence  results  a  considerable  increase  of  weight,  not  onlv  from  the 
weight  of  tne  astringent  principle,  but  also  firom  that  of  the  colouring  particles,  which 
subsequently  fix  themselves  in  proportion  to  the  quantity  of  the  astringent  prindple 
which  had  entered  into  combination.  Ck)nsequently,  the  jprocesses  are  varied  accord- 
ing to  the  de^pree  of  weight  which  it  is  wished  to  commumcate  to  the  silk ;  a  circum- 
stance requiring  some  illustration. 

The  commerce  of  silk  goods  is  carried  on  in  two  ways :  they  are  sold  dther  by 
the  wdght,  or  by  the  surmoe,  that  is,  by  measure.  Thus  the  treuie  of  Tours  was 
formerly  distinguished  from  that  of  Lyons ;  the  silks  of  the  former  being  BcAd  by 
weight,  those  of  the  latter  by  measure.  It  was  therefore  their  interest  to  surcharge 
the  wei^t  at  Tours,  and,  on  the  contrary,  to  be  sparing  of  the  dydng  ingre^ents  at 
Lyons ;  whence  came  the  distinction  of  light  black  and  heavy  bla<£.  At  present, 
both  methods  of  dyeing  are  practised  at  Lyons,  the  two  modes  of  sale  having  been 
adopted  there* 

-  Silk  loses  nearly  a  fourth  of  its  weight  by  a  thorough  boiling,  and  it  resumes,  in  the 
light  black  dye,  one-half  of  this  loss ;  but  in  the  heavy  black  dve,  it  takes  sometimes 
upwards  of  a  fifth  more  than  its  primitive  weight— a  surdiarge  usurious  to  the  beauty 
of  the  black  and  the  durability  of  the  stuff  The  surcharged  £nd  is  denominated 
English  black,  because  it  is  pretended  that  it  was  practised  in  England.  Since  silk 
dyed  with  a  groat  surcharge  has  not  a  beautiful  black,  it  is  usually  destined  for  welt, 
and  is  blend^  with  a  warp  dyed  of  a  fine  black. 

The  peculiarity  of  the  process  for  obtaining  the  heavy  black  consists  in  leaving  the 
silk  longer  in  the  gall-liquOT,  in  repeating  the  gallii^,  in  passing  the  silk  agreater 
number  of  times  through  the  dye,  and  even  letting  h  lie  in  it  for  some  time.  The  first 
galling  is  usually  made  with  galls  which  have  served  for  a  preceding  operation,  and 
fresh  gall-nuts  are  employed  for  the  second.  But  these  meuiods  would  not  be  suffi- 
dent  for  giving  a  great  surcharge,  such  as  is  found  in  what  is  called  the  English 
black.  To  give  it  this  wdght,  the  silk  is  galled  without  bdng  ungnmmed ;  ano,^  on 
coming  out  ci  the  galls,  it  is  rendered  supple  by  being  woriced  on  the  jack  and  ]^n. 

The  silk  dyers  keep  a  black  vat,  and  its  ver^  complex  compodtion  varies  in  different 
dye-houses.  These  vats  are  commonly  established  for  many  years ;  and  when  their 
black  dye  is  exhausted  it  is  renovated  by  what  is  called  in  France  a  brevet.  When 
the  depodt  which  has  accumulated  in  it  is  too  great,  it  is  taken  out,  so  that  at  the  end 
of  a  certain  time  nothing  remains  of  the  several  ingredients  which  composed  the 
primitive  bath,  but  which  are  not  employed  in  the  brevet. 

For  the  dyeing  of  raw  silk  black,  it  is  *  galled '  cold,  with  the  bath  of  gaUs 
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wluch  lias  already  seryed  far  the  black  of  boiled  silk.  For  tbis  purpose,  silk,  in  its 
native  yellow  colour,  is  made  choice  of.  It  should  be  remarked,  that  when  it  is  de- 
sired to  preserve  a  portion  of  the  gum  of  the  silk,  which  is  afterwards  made  flexible, 
the  galling  is  g^ven  with  the  hot  bath  of  gall-nuts  in  the  ordinary  manner.  But  here, 
where  the  whole  gum  of  the  silk,  and  its  concomitant  elasticity,  are  to  be  preserved, 
the  galling  is  made  cold,  .  If  the  infusion  of  galls  be  weak,  the  silk  is  left  in  it  for 
sevttaldays. 

Silk  thus  prepared  and  washed  takes  very  easily  the  black  dye,  and  the  rinsing  in 
a  little  water,  to  which  sulphate  of  iron  may  be  added,  is  sufficient  The  dye  is 
made  cold ;  but,  according  to  the  greater  or  less  strength  of  the  rinsings,  it  re<^uires 
more  or  less  time.  Occasionally  three  or  four  days  are  necessary ;  after  which  it 
is  washed,  it  is  beetled  once  or  twice,  and  it  is  then  dried  without  wringing,  to  avoid 
softening. 

Any  ^  these  processes  will  produce  a  black  without  the  goods  being  previously  dyed 
blue,  but  gener^ly  when  such  common  blacks,  as  they  are  technically  termed,  are  dyed, 
more  of  £he  dye  drugs  are  required,  and  also  a  little  modification  in  the  operations. 
Sometimes  tfiey  are  *  bottomed  or  *  rooted,'  by  first  working  them  in  a  decoction  of 
walnut-husks,  and  then  dyed  as  above ; — or,  a  good  black  may  be  dyed  without  any 
previous  rooting,  by  working  1  cwt.  of  the  stufiT,  for  an  hour,  at  a  heat  of  190°,  in  6 
lbs.  of  camwood :  6  lbs.  of  copperas  are  then  added,  and  the  stuff  worked  for  another 
hour ;  the  fire  is  then  withdrawn  from  the  boiler,  and  the  stuff  allowed  to  remain  in 
the  liquor  for  10  or  12  hours.  It  is  washed  £rom  this,  and  worked  in  a  second  bath 
with  60  lbs.  of  logwood  for  an  hour  and  a  half,  then  add  8  lbs.  of  copperas,  and  after 
another  hour's  working,  it  is  washed. 

Bichromate  of  potash  is  also  used  for  dyeing  blacks  upon  wool.  A  very  good  colour 
may  be  dyed  direct  by  working,  for  2  hours,  1  cwt.  of  the  stuff  in  a  solution  of  6  lbs.  of 
bichromate,  4  lbs.  of  alum,  and  S  lbs.  of  fustic,  then  exposing  it  for  an  hour  and  wash- 
ing well.  It  is  again  wrought  for  2  hours,  in  a  second  bath,  made  up  with  45  lbs.  of 
logwood,  S  lbs.  of  barwood  or  camwood,  and  3  lbs.  of  fustic ;  then  adding  8  lbs.  of 
copperas,  and  after  half  an  hour's  longer  working,  the  dye  is  finished.  A  much 
cheaper  blue  black  than  that  produced  by  previously  dyeing  tiie  stuff  in  the  ipdigo  vat, 
is  obtained  by  using  a  Prussian  blue,  and  then  proceeding  as  directed  above. 

Raw  silk  may  be  more  quickly  dyed  by  shaking  it  round  the  rods  in  the  cold  bath 
after  the  galling,  airing  it,  and  repeating  these  manipulations  several  times,  after 
whidi  it  is  washed  and  dried. 

Haoquer  describes  a  more  simple  process  for  the  black  by  which  velvet  is  dyed  at 
Oenoa :  and  he  says  that  this  process,  rendered  still  simpler,  has  had  complete  suc- 
cess at  Tours.    The  following  is  his  description. 

For  1  cwt.  (50  kilogrammes^  silk,  22  lbs.  (11  kilogrammes)  of  Aleppo  galls,  in 
powder,  are  boiled  for  an  hour  m  a  sufficient  quantity  of  water.  The  bath  is  allowed 
to  settle  tall  the  galls  have  fallen  to  the  bottom  of  the  boiler,  from  which  they  are 
withdrawn ;  after  which  82  lbs.  of  copperas  are  introduced,  and  22  lbs.  of  country 
gum,  put  into  a  kind  of  two-handled  colander,  pierced  everywhere  with  holes.  Thu 
kettle  is  suspended  by  two  rods  in  the  boiler,  so  as  not  to  reach  the  bottom.  The 
gum  is  left  to  dissolve  for  about  an  hour,  stirring  it  from  time  to  time.  If,  after  this 
time,  some  gum  remains  in  the  kettle,  it  is  a  proof  that  the  bath,  which  contcdns  two 
hogdieads,  has  taken  as  much  of  it  as  is  necessaiy.  If,  on  the  contrary,  the  whole 
gum  is  dissolved,  from  1  to  4  lbs.  more  may  be  added.  This  colander  is  left  constantly 
suspended  in  the  boiler,  firom  which  it  is  removed  only  when  the  dyeing  is  going  on ; 
and  afterwards  it  is  replaced.  During  all  these  (H)erations  the  boiler  must  be  kept 
hot,  but  without  boibnff.  The  galUng  of  the  silk  is  performed  with  one-third  of 
Aleppo  galls.  The  silk  is  left  in  it  for  six  hours'  the  first  Ume,  then  for  twelve  hours. 
The  rest,  secundum  artem. 

Lewis  states  that  he  has  repeated  this  process  in  the  small  way ;  and  that,  by  adding 
sulphate  of  iron  progressively,  and  repeating  the  immersion  of  the  silk  a  great  number 
of  times,  he  eventually  obtained  a  fine  black. 

Astringents  difibr  from  one  another  as  to  the  quantity  of  the  principle  which  enters 
into  combination  with  the  oxide  of  iron.  Hence,  the  proportion  of  the  sulphate,  or 
of  any  other  salt  of  iron,  and  that  of  the  astringents,  should  vary  according  to  the 
astringents  made  use  of,  and  according  to  their  respective  quantities.  Gall-nut  is  the 
substance  which  contains  most  of  t£e  astringent  principle;  sumach,  which  seems 
second  to  it  in  this  respect,  throws  down  (decomposes),  however,  only  half  as  much 
sulphate  of  iron. 

The  most  suitable  proportion  of  sulphate  of  iron  appears  to  be  that  which  corresponds 
to  the  quantity  of  the  astringent  matter,  so  that  the  whole  iron  precipitable  by  the 
astringent  may  be  thrown  down,  and  the  whole  astringent  principle  may  be  taken 
up  in  combination  with  the  iron.    As  it  is  not  possible,  however,  to  arrive  at  such 
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prec]£ion,  it  is  better  that  the  sulphate  of  iron  should  predominate,  because  the  as- 
tringent) when  in  excess,  counteracts  the  precipitation  of  the  blade  colouring  par- 
ticles, and  has  the  property  of  even  dissolving  them. 

This  action  of  the  astringent  is  such  that*  if  a  pattern  of  black  cloth  be  boiled  with 
gall-nuts,  it  is  reducible  to  grey.  An  observation  of  Lewis  may  thence  be  explained. 
If  cloth  be  turned  several  times  through  the  colouring  bath,  after  it  has  taken  a 
good  black  colour,  instead  of  obtaining  more  body,  it  is  weakened,  and  becomes 
brownish.  Too  considerable  a  quantity  of  the  ingredients  produces  the  same  effect ; 
to  which  the  sulphuric  add,  set  at  liberlty  by  the  predptation  of  the  oxide  of  iron, 
contributes. 

It  is  merely  the  highly  oxidised  fiulphate  which  is  decomposed  by  the  astringent; 
whence  it  appears  that  the  sulphate  will  produce  a  different  effect  according  to  its 
state  of  oxidation,  and  caU  for  other  proportions.  Some  advise,  therefore,  to  follow 
the  method  of  Proust,  employing  it  in  the  oxidised  state ;  but  in  this  case  it  is  only 
prtially  decomposed,  and  another  part  is  brought,  by  the  action  of  the  astringent, 
into  the  lower  degree  of  oxidation. 

The  jparticles  predpitated  by  the  mixture  of  an  astringent  and  sulphate  of  iron  have 
not  at  first  a  deep  colour ;  but  they  pass  to  a  black  by  contact  of  air  while  they  are 
moist. 

Blade  dye  is  only  a  verv  condensed  colour,  and  it  assumes  more  intensity  from 
the  mixture  of  different  colours  likewise  deep.  It  is  for  this  reason  advantageous 
to  unite  several  astringents,  each  combination  of  which  produces  a  different  i£ade. 
But  blue  appears  the  colour  most  condudve  to  this  effect,  and  it  corrects  the 
tendency  to  dun,  which  is  remarked  in  the  black  produced  on  stuffe  by  the  other 
astringents. 

On  this  property  is  founded  the  practice  of  giving  a  blue  ground  to  black  doths, 
whidi  acquire  more  beauty  and  solidity  the  deeper  the  blue.  Another  advanta^  of 
this  practice  is  to  diminish  the  quantity  of  sulphuric  add  which  is  necessarily  disen- 
gaged by  the  predpitation  of  the  black  particles,  and  which  would  not  only  counteract 
dieir  fixation,  but  would  further  weaken  the  stuff,  and  give  it  harshness.  For  common 
stofBi,  a  portion  of  the  effect  of  the  blue  ground  is  produced  by  the  rooting. 

The  mixture  of  logwood  with  astringents  contributes  to  the  beauty  of  the  black  in 
a  twofold  way.  It  produces  molecules  of  a  hue  different  from  what  the  astringents 
do,  and  particularly  blue  molecules,  with  the  acetate  of  copper,  commonly  employed 
in  the  black  dyes ;  which  appears  to  be  more  usef^  the  more  acetate  the  verdigris 
made  use  of  contains. 

The  b<nl  of  weld  by  which  the  dye  of  black  doth  is  frequently  finished,  may  also 
contribute  to  its  beauty,  by  the  shade  peculiar  to  its  combination.  It  has,  moreover, 
the  advantage  of  giving  access  to  the  stuf&. 

The  processes  that  are  employed  for  wool  yield,  according  to  the  observation  of 
Lewis,  only  a  rusty  black  to  silk ;  and  cotton  is  hardly  dyed  by  the  processes  proper 
for  wool  and  silk.  Let  us  endeavour  to  ascertain  the  conditions  which  these  three 
varieties  of  dyeing  demand. 

'  Wool  has  a  great  tendentnr  to  combine  with  colouring  substances ;  but  its  physical 
nature  requires  its  combinations  to  be  made  in  general  at  a  high  temperature.  The 
combination  of  the  blade  molecules  may  there&re  be  directly  effected  in  a  bath,  in 
proportion  as  they  form ;  and,  if  the  operation  be  prolonged  by  subdividing  it,  it  is 
only  with  the  view  of  changing  the  necessary  oxidation  of  the  sulphate  and 
augmenting  that  of  the  colouring  partides  themselves. 

Silk  has  not  the  same  disposition  to  unite  with  the  black  |)artides.  It  seems  to  be 
assisted  by  the  agen<7^  of  the  tannin,  with  which  it  is  previously  impregnated,  espe- 
dally  after  it  has  been  scoured,  A  very  deep  black  may  be  obtained  upon  100  lbs, 
of  silk,  by  working  it  for  two  hours  in  a  solution  of  20  lbs.  of  copperas  and  3  pints 
of  nitrate  of  iron.  Wash  from  this  thoroughly,  and  then  wash  for  two  hours  more  in 
a  decoction  of  100  lbs.  of  logwood  and  20  lbs.  of  fustic.  lift  up,  and  add  to  the  bath 
a  solution  of  3  lbs.  of  copperas,  and  work  half  an  hour  longer,  and  wash«  A  beau- 
tiful ridi  blue-black  is  produced  by  dyeing  the  silk  a  deep  tajal  blue,  then  working 
for  an  hour  in  a  solution  of  copperas  (2  ounces  to  the  pound  of  silk),  washing  from 
this,  and  working  in  a  bath  d  logwood,  using  half  a  pound  to  each  pound  (2  silk, 
and  adding,  aftor  an  hour^s  worlang,  a  few  ounces  of  copperas ;  working  half  an 
hour  longer,  and  finishing. 

Cotton  has  no  af&nity  for  the  black  dye,  and  has  always  to  be  impregnated  or  com- 
bined with  astringent  substances,  in  order  to  j^oduce  the  dye.  A  good  deep  black 
will  be  imparted  to  100  lbs.  of  cotton  by  steeping  it  in  a  decoction  of  80  lbs.  of 
sumach,  at  a  boiling  heat,  and  allowing  it  to  stand  till  perfectly  cool ;  then  passing  it 
through  lime-water,  and,  immediately  after  this,  working  for  an  hour  in  a  solution  of 
20  lbs.  of  copperas.  After  this,  expose  for  an  hour  to  the  air ;  then  pass  through  lime- 
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water  agtuo,  and  wash  and  work  for  an  hour  in  a  bath  of  30  lbs.  of  logwood  and  10  lbs. 
of  fastic;  lift,  and  add  2  lbs.  of  copperas,  and  work  30  minutes  longer,  and  finish. 

B&AOX  VXiinc.    See  AssATiNO. 

B&ACX  BJBBKATXTB.     An  ore  of  Maitoanbsb. 

B&AOKnrO  rOft  BBOBB.  {Ovrage  des  hottes,  Fr.;  Schuhsckwdrze,  6er.) 
Blacking  consists  of  a  black  colouring-matter,  generally  bone-black,  and  substances 
that  acquire  a  gloss  by  friction,  such  as  sugar  and  oiL  The  usual  method  is  to  mix 
the  bone-black  with  sperm-oil ;  sugar,  or  molasses,  with  a  little  vinegar,  is  then  well 
stirred  in,  and  strong  sulphuric  acid  is  added  gradually.  The  acid  produces  sulphate 
of  lime  and  acid  phosphate  of  lime,  which  is  soluble :  a  tenacious  paste  is  formed  by 
these  ingredients,  which  can  be  smoothly  spread ;  the  oil  serving  to  render  the  leather 
pliable.  This  forms  a  liquid  bladdng.  Bisto  blacking  contains  less  vinegar.  In 
Germany,  according  to  liebig,  blacking  is  made  by  misng  bone-black  with  half  its 
weight  of  molasses,  and  one-eighth  of  its  weight  of  hydrochloric  add,  and  one-fourth 
of  its  weight  of  strong  sulphuric  add,  mixing  with  water,  to  form  an  unctuous  paste. 
The  following  method  for  making  liquid  and  paste  blacking  is  given  by  William 
Biyant  and  Edward  James :  18  ounces  of  caoutchouc  are  to  be  dissolved  in  about 
9  lbs.  of  hot  rape-oiL  To  this  solution  60  lbs.  of  fine  ivory-black  and  45  lbs.  of 
molasses  are  to  be  added,  along  with  1  lb.  of  finely  ground  gum  arabic,  previously 
dissolved  in  20  gallons  of  vinegar  of  strength  No.  24.  These  mixed  ingreidients  are 
to  be  finely  triturated  in  a  paint-mill  till  the  mixture  becomes  perfectly  smooth.  To 
this  varnish  12  lbs.  of  sulphuric  add  are  to  be  now  added  in  smaU  successive  quan- 
tities, with  powerM  stimng  for  half  an  hour.  The  blacking  thus  compounded  is 
allowed  to  stand  for  14  days,  it  being  stiired  half  an  hour  daily ;  at  the  end  of  which 
time  9  lbs.  of  finely  ground  gum  arabic  are  added ;  after  which  the  stirring  is  re- 
peated half  an  hour  every  day  for  14  days  longer,  when  the  liquid  blacking  is  ready 
for  use.  In  making  the  paste  blacking,  the  patentees  prescribe  the  above  (quantity  of 
india-rubber  oil,  ivoiy-black,  molasses,  and  gum  arabic,  the  latter  being  dissolved  in 
only  12  lbs.  of  vinegar.  These  ingredients  are  to  be  well  mixed  and  then  ground 
together  in  a  mill  till  they  form  a  perfectly  smooth  paste.  To  this  paste  12  lbs.  of 
sulphuric  add  are  to  be  added  in  small  quantities  at  a  time,  with  powerful  stirring, 
which  is  to  be  continued  for  half  an  hour  after  the  last  portion  of  uie  add  has  been 
introduced.    This  paste  will  be  found  fit  for  use  in  about  seven  days. 

BXiAXSS-JAOX.    The  miner^s  name  for  blende,  or  sulphide  of  zinc    See  Zinc. 

BSAOX  ZAAB.    The  common  name  of  Plumbago  or  Gbafhitb. 

B&AOX-ZdUUD  FBVOrLB.    See  Peitcil  Manufaotube. 

■ZV.    The  miner's  name  for  tin  ore  ready  for  the  smelter.    See  Tnr. 
ITADB.    One  of  the  ores  of  manganese.    See  Mamqaitbsb. 
ft.    (  Vessie,  Er. ;  Blase^  Cler^    A  bag  or  sack,  in  animals,  which  serves 
as  the  receptade  of  some  secreted  fiuid.    Bladders  are  chidly  employed  for  securing 
jars,  bottles,  &c 

BZJkmLBT.  (^Blanchet  "FtJ)  A  cover  for  a  bed  made  of  coarse  wool  loosely 
woven.  Among  printers  the  woollen  cloth  which  is  placed  between  the  tympans  is 
called  a  blanket. 

Blankets  are  largely  used  in  Oalifomian  gold-quartz  mining,  for  catching  the  par- 
tides  of  metal  as  they  escape  from  the  stamping  mill.  These  blankets  are  generally 
of  a  coarse  grey  wool,  and  are  woven  expressly  for  the  miner,  at  the  woollen  mills  on 
the  coast  They  are  made  about  30  inches  wide,  and  are  spread  over  blanket-boards, 
or  shallow  wooden  troughs,  each  about  16  inches  wide,  8  inches  deep,  and  from  9  to 
12  feet  long,  and  inclined  in  the  direction  of  their  length  at  an  angle  of  from  3°  or  4^ 
to  15^  to  the  horizon.  The  finely  pulverised  ore,  suspended  in  water,  is  carried  in  a 
current,  from  the  battery-box,  over  the  surface  of  a  series  of  these  blankets.  In  this 
way  a  larger  proportion  of  the  gold  and  auriferous  pyrites,  or  of  the  gold-amalgam  if 
mercury  has  been  used  in  the  battery,  becomes  entangled  in  the  fibres  of  the  fabric 
Any  pcurtides  that  may  escape  are  finally  retained  by  a  system  of  amalgamated  copper 
riffles  over  which  the  current  of  water  is  generally  caused  to  fiow  after  leaving  the 
blankets.  The  blankets,  charged  with  finely-divided  metal,  are  frequently  washed 
(the  upper  ones,  on  which  the  heaviest  sand  is  deposited,  being  in  some  cases  washed 
every  quarter  of  an  hour),  and  the  residue  from  the  washings  is  then  amalgamated. 
It  has  oeen  attempted,  but  without  success,  to  substitute  ox-hides  or  sheepskins  for 
the  blankets.    See  Wooixszr  Manufactubbs. 

B&A8T.  The  current  of  air  driven  into  a  furnace ;  it  may  be  either  cold  or  hot 
air.    See  Hot  Blast. 

BZJyBT-vmtVAOB.    A  fiirnace  into  which  air  is  forcibly  blown.    See  Ibox, 

lAjBTAIXUiCU  X  • 

BZJyBT-BO&dUB.  A  mining  term.  The  holes  through  which  the  water  enters 
the  bottom  of  a  pomp  in  the  mines. 
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B&ASTXVG.  The  process  of  rending  rocks  by  the  use  of  some  ezplosire  com- 
pound, as  gunpowder.    See  Mmmo. 

BXAAOBXVO  (Blanchementf  Fr. ;  Bleichen,  Ger.)  is  the  process  by  which  the 
textile  filaments,  cotton,  flax,  hemp,  wool,  silk,  and  the  cloths  made  of  them,  as  well 
as  various  yegetable  and  animal  substances,  are  deprived  of  their  natural  colour,  and 
rendered  nearly  or  altogether  white*  The  term  bleaching  comes  from  the  French 
verb  blanchir,  to  whiten. 

The  princinal  bleaching  agents,  besides  alkalis,  are  chlorine,  sulphurous  acid,  and 
the  combined  action  of  air  and  light  These  are  destroyers  of  colour.  The  chief 
agents  for  removing  colours  which  do  not  require  to  be  previously  decomposed,  are 
alkalis.  The  principal  amount  of  the  colouring-materials  are  removed  from  the  doth 
by  washing  with  alkalis :  the  last  tint  of  whiteness  is  not  removable  by  this  means, 
and  it  is  to  this  last  tint  that  the  word  bleaching  has  been  more  definite^  applied. 

In  ancient  times  bleaching,  washing,  and  fdling  were  not  distinctly  separated ; 
thev  were  all  practised.  We  read  in  the  Scriptures  of  *fine  linen,  white  and  clean,' 
and  in  Ghreek  authors,  of  'raw  linen,'  of  which  towels  were  made,  as  well  as  c^ 
'  shining  fine  linen,*  for  the  same  purpose,  thus  at  once  making  the  distinction.* 
The  pure  white  was  apparently  not  so  common  as  with  us.  A  pure  surface  was, 
however,  needfal,  in  order  to  produce  good  colours,  for  which  we  are  bound  to  give 
the  anciontd  credit,  as  we  know  they  were  acquainted  with  them  as  pigments,  and 
are  not,  therefore,  to  be  suspected  of  being  unable  to  distinguish  gooa  from  bad, 
when  transferred  to  textile  fabrics.  As  their  words  for  white  and  for  colour  are 
plain  enough  in  general,  we  must  conclude  that  they  had  the  power  of  obtaining 
both  fine  whites  and  finely-dyed  dot^;  handkerchiefs  were  tied  about  the  head 
in  various  ways,  as  now  in  Lancashire,  white  and  coloured.  The  Babylonians  wore 
white  cloaks.'  Sy  their  method  of  washing,  the  discovery  of  bleaching  was  inevitable, 
the  cloth  bein^  washed  and  dried  several  times  in  the  sun.  But  it  was  not  left  in  the 
state  of  an  accident  only ;  the  word  insolation  shows  that  the  efibcts  of  the  sun  had 
been  observed  and  classified,  and  this  is  stated  to  have  been  the  chief  method,  as  it  is 
now,  of  bleaching  wax.  Egypt  and  the  East  seem  to  have  been  the  teachers  in 
bleaching.  Erom  Egypt  were  obtained  alkalis,  and  soda  mixed  with  lime.  Both  lime 
and  alkalis  were  used  m  the  process.  Potashes,  or  the  ashes  of  plants,  were  also  used, 
and  soap-plants,  in  aU  probability  of  various  kinds,  as  it  is  not  ea^  to  decide  on  one. 
The  Saponaria  officinalis,  soap-wort,  is  still  used,  and  the  wake-robin  or  cuckowpint, 
Arum  maculatum ;  the  Gvpsophila  Struthium  was  considered  by  linnsus  to  be  the 
ancient  one,  and  is  still  ctSled  Lanaria  in  Italy.  Nor  do  we  require  to  suppose  that 
this  plant  wds  first  incinerated,  as  has  been  supmoeed,  in  the  case  of  Borith,  the  fuller's 
soap  of  the  Bible.  Vegetable  decoctions  are  still  used  in  China  to  bleach  silk  and  in 
France  also ;  some  have  been  patented  even  in  England,  although  but  little  used. 
The  Latin  method  of  obtaining  white  cloth  is  very  well  preserved,  and  as  they  got  their 
caustic  soda  from  E^rpt,  it  is  probable  that  they  got  also  their  process  thence ;  nor  is 
it  at  all  likely  that  Nicias  of  Megara  invented  fdlling,  as  it  was  evidently  well  known 
before  the  existence  of  any  well-iounded  Greek  tradition.  Pictures  exist  in  Pompeii 
of  men  dancing  the  fuller  s  dance,  or  stamping  doth  wit^  their  feet,  as  women  noi^ 
practise  in  Scotland.  Moderate-sized  tubs  were  used :  the  clothes  seem  occasionally 
to  have  been  taken  up  by  the  hand,  in  order  that  they  might  be  well  tamed.  They 
were  then  treated  witn  ammoniacal  liquors  and  soda.  Urine  was  highly  esteemed  for 
the  purpose.  The  fullers  obtained  it  by  pladng  vessels  at  the  comers  of  the  streets, 
which  were  removed  when  filled ;  this  practice  acting  at  the  same  tame  as  a  sanitaiy 
precaution.  The  same  method  of  carefully  collecting  this  fiuid,  or  *  old  lant,'  as  it  is 
called,  exists  in  the  woollen  districts  of  Lancashire  and  Yorkshire.  A  tax  was  laid 
on  it  by  Vespasian,  so  that  the  fillers  might  not  receive  it  without  paymentw  The 
doth  was  then  sulphured,  if  it  was  intended  to  be  white :  this  process  was  performed 
under  a  conical  frame  like  a  small  tent*  the  doth  being  spread  round  the  frame,  and 
a  vessd  of  sulphur  burned  under  it'  Potter^s  earth  was  then  used  according  to  cir- 
cumstances. The  faller  seems  to  have  been  a  bleacher  as  well  as  domestic  laundir- 
man.  He  had,  therefore,  white  as  well  as  coloured  dresses  to  deal  with.  For  the 
first  he  used  Sardinian  potter's  earth,  which  could  not  be  employed  for  prints  or  such 
colours  as  easily  changed  {versioolores).  For  coloured  doth,  sulphur  was  not  used 
by  the  potters,  but  fine  Cimolian  earth.  The  potter's  earth  seems  to  have  been  used 
both  before  and  after  sulphuring,  according  to  circumstances.  This  second  process  is 
allied  partly  to  our  mode  of  chalking  white  dresses,  still  somewhat  in  use :  out  more 
strongly  allied  to  what  is  called  dressing,  stiffening,  and  finishinc;.  Pliny  says  that 
the  Umbrian  earth  was  only  used  for  polishing  vestments,  also  wat  it  softened  fine 
cdours  and  gave  lustre  to  those  that  were  felled  in  sulphuring.    This  shows  that 

*  Philoxeniis  in  AthenaBUS,  ix.  77.  '  Herod,  i.  1M« 

*  Pompeii  drawings ;  see  Smith's  Dictionary,  Lardncr's  Oyclopfedia, 
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they  used  sulphtir  in  irasliing,  and  not  merely  in  preparing  for  the  bleaching  nro- 
cess.'  They  then  gave  a  finish  of  very  fine  day,  gypsnm  being  used  instead  of 
clay  in  Greece,  as  amongst  ourselves.  If  a  nap  -was  -wanted,  it  was  raised  after 
Bulphnrii^  by  brushing,  by  carding,  by  the  skin  of  a  hedgehog,  or  by  thistles  and 
teasels.  They  seem  to  have  got  a  Sue  nap  on  their  woollen  cloth,  as  garments  of  this 
kind  once  -vashed  were  considered  less  valuable,  as  would  be  the  case  wim  our  broadcloth 
for  outer  dresses.  Wool  for  under  dresses  could  not  have  been  iigured  by  one  washing, 
especially  as  the  fuUones  seem  in  old  Italy  to  have  been  more  attentive  than  our 
washerwomen,  and  to  have  formed  a  college,  or  at  least  a  guild.  The  washing  was 
mldom  done  at  home,  except  in  large  establishments,  especially  in  the  country. 
Whitaness  was  very  much  esteemed,  and  ffreat  pains  taken  to  obtain  it.  Coloured  doth 
seems  a  later  invention.  This  love  of  whiteness  was  so  great,  that  those  who  were 
too  poor  to  have  tibttr  cloths  fulled,  rubbed  them  with  a  white  fuller's  earth,  so  as  on 
holidays  to  appear  clean  and  bright. 

CloUies  in  andent  times  requi^  a  good  deal  of  washing,  so  much  oil  bdng  used ; 
alkalis  alone  could  remove  this,  and.  people  that  used  soft  feather-beds,  and  pillows 
that  sank  under  the  weight  of  the  head,  would  not  be  behind  in  having  them  also 
whitened.  In  India  the  mode  was  different  from  that  used  in  the  western  world. 
The  preparation  for  printing  was  a  series  of  washings,  beatings,  and  exposure  to  the 
sun,  as  well  as  wearing  next  the  skin,  and  steeping  in  goats'  and  weeps'  dung. 
Wearing  next  the  skin  was  probably  instead  of  the  oiling  process  in  Turkey  red. 
Bleaching  with  boiled  rice-water  was  practised  in  India.  In  Jamaica  the  aloe  was 
used,  and  in  China  a  bean  is  employed :  this  is  smaller  than  the  Turkey  bean ;  five 
parts  are  used  to  five  of  salt*  six  of  fiour,  and  twenty-five  of  water :  this  is  for  raw 
silk.  The  exact  action  of  the  vegetable  method  on  the  colouring-matter  is  not  well 
Imown ;  but  it  must  not  be  ignored.  The  decompositions  of  fermentation  and  putre- 
fikction  have  a  great  power  of  propagating  themselves ;  we  can,  in  fact,  readily 
conceive  the  decomposition  of  gums  by  such  means,  provided  they  are  not  resinous 
matters,  consisting  chiefiy  of  carbon  and  hydrogen.  Mudlaginous  plants  are  oven 
now  in  some  places  used,  and  have  been  recommended  also  intne  most  modem  times.^ 
It  is,  therefore,  not  easy  to  see  why  so  much  difi&culty  has  been  raised  amongst 
chemical  historians  as  to  the  use  of  plants  in  washing  and  bleaching.  Vegetable  pro- 
ducts, such  as  oatmeal,  &c.,  have  powerful  detergent  qualities,  and  leave  the  skin 
exceodin^y  soft.  In  general  wo  mav  conclude  that  these  vegetable  infusions  and 
alkalis  were  the  means  of  bleaching  in  andent  times,  the  influence  of  the  sun  being 
also  employed.  At  present^  alkalis  are  more  generally  used.  Washing  with  alkalis  is 
really  the  most  important  part  of  the  process.  The  soaps  of  the  andents  were  also 
vegetable,  or  alkabne,  or  both ;  they  were  a  cfirjryfia,  but  not  a  true  soap,  in  general  at 
least. — Paulus  JEgineta^  Notes  by  Adams. 

Until  modem  times  no  improvements  of  great  importance  took  place  afi^tin^  the 
prindples  of  bleaching ;  and  even  now  the  only  modem  changes  consist  in  the  intro- 
duction (^  chlorine  and  machinery,  to  which  may  be  added  the  greater  abundance  of 
soap.  In  the  last  century,  Holland  obtained  the  best  name  for  bleaching.  The  process 
paraed  then  to  Ireland  and  Scotland,  and  thence  into  England.  It  was  even  customary 
to  send  goods  fttna  this  countiy  to  be  bleached  in  Holland.  The  first  attempt  to  vie 
with  Holland  was  made  in  Scotland  in  1749. 

We  find  in  the  patent  lists  many  erode  efforts  made  to  improve  the  art  Alkalis 
and  adds  are  recommended  in  various  forms,  and  such  a  variety  of  substances  as 
tartar,  saltpetre,  sal-ammoniac,  marl,  loam,  clay,  mud,  chalk,  fuller's  earth,  oyster- 
shells,  soot,  turf,  and  ashes,  with  a  great  variety  of  washing  machines. 

The  value  of  the  plan  in  Holland  was  ascribed  to  the  ashes  of  Muscovy  (Russian 
potash)  and  the  sea-water ;  but  it  is  evident  from  the  description,  that  it  was  not  sea-, 
but  very  pure  fifesh  water  which  was  used.  The  Butch  process  is  thus  described : — 
'  When  a  piece  of  linen  is  to  be  bleached,  it  is  in  the  first  place  steeped  in  a  lixivium, 
or  lye,  where  other  doth  has  been  trod;  afterwards  it  is  trod  in  a  new  lye  of  ashes 
poured  upon  it  boiling  hot.  This  is  boiled  in  hu^e  copper  cauldrons,  and  is  never 
poured  upon  the  doth  till  it  is  as  dear  as  wine.  The  linen  is  left  eight  days  in  this 
lye,  after  which  it  is  washed  and  pressed  in  this  manner : — They  empty  some  buckets 
ot  butter-milk  into  wooden  vessels  fixed  in  the  ground ;  then  tiiey  tlurow  in  a  piece 
of  Hnen,  which  three  men  tread  with  their  feet  as  much  as  possible.  Afterwards 
they  pour  in  more  butter-milk,  and  then  another  piece  of  cloth,  proceeding  thus 
alternately  till  the  vessels  are  nearly  filled,  when  they  lay  planks  over  the  linen,  upon 
which  they  raise  a  large  round  piece  of  wood,  or  great  stake,  touching  the  lower  side 
of  a  beam,  between  which  and  the  stake  they  drive  wedges  to  press  the  doth.  Six 
or  seven  days  after  they  take  the  doth  out  of  these  vessels,  and  if  it  be  not  white 
enough,  they  steep  it  as  we  have  described  above.  Afterwards  it  is  washed  and  spread 
•KBt.Hi8t.zzxv.ft7,&o.  "BeeGiobert^Bproceifc 
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out  upon  the  ground  to  bleach.  It  must  be  remarked  that  after  eyezy  dipping  the 
doth  18  washed  first  with  black  soap,  then  with  clear  water,  and  after  each  of  the 
operations  it  is  wrung  by  means  of  a  machine  that  turns  by  means  of  a  wheeL 
....  The  whitening  grounds  are  cut  with  canals  in  some  places,  that  there  may  be  no 
trouble  of  fetching  water  from  a  distance.  The  cloth  is  watered  with  lone  narrow 
shovels  made  in  shape  of  a  scythe.  The  water  of  these  canals  comes  from  the  dams, 
and  it  is  that  which  contributes  most  to  the  lustre  of  the  Butch  doth.  To  preyent 
the  water  from  becoming  thick  and  muddy,  they  are  extremely  careful  in  deaning 
these  canals.  The  washing  tubs  are  built  with  bricks,  with  two  trap-doors  or  sluices 
for  admitting  or  exduding  the  water  according  as  it  is  necessary? — Select  Eways, 
quoted  by  Parke. 

The  chief  advantage  here  consists  in  the  facility  of  obtaining  soap,  whidi  in  andcnt 
times  was  either  scarce  or  badly  made.  This  improvement  began  to  be  more  and 
more  used  from  the  time  of  its  earliest  introduction.  Modem  times  have  begun  to  ex- 
dnde  it  to  a  great  extent  again,  finding  it  so  much  cheaper  to  work  with  the  alkali 
alone  without  combining  it  with  fatty  matter. 

The  process  of  bleaoiing  then  became  a  series  of  operations,  consisting  of,  1st, 
steeping  in  water  for  about  three  or  four  days,  or  in  weak  alkali  for  forty-eight 
hours.  2nd,  boiling  in  an  alkaline  lye,  or,  in  other  words,  hitching  or  bowking :  in 
this  operation  the  hot  lye  was  poured  on  the  doth ;  it  then  ran  through  it,  was  ^wn 
off  by  a  tap  bdow,  and  then  pumped  up  again.  3rd,  crofting,  or  exposure  to  sun  and 
air  on  the  grass.  4th,  souring :  this  was  done  by  the  butter-milk ;  it  lasted  several 
weeks.  These  operations  were  repeated  four  or  five  limes,  or  until  the  goods  were 
pure.  The  whole  lasted  from  March  to  September.  The  best  months  for  crofting 
were  found  to  be  March,  April,  and  May.  It  was  not  known  that  it  was  the  add  (^ 
the  butter-milk  whidi  acted ;  but  when  sulphuric  add  became  dieaper.  Dr.  Home 
applied  it  instead  of  butter-milk,  and  caused  a  great  revolution  in  bleaching,  as  the 
souring  could  now  be  done  in  a  day  which  before  had  occupied  weeks,  exposing  the 
doth  to  much  danger  of  decay  by  decomposition  or  putre&dion«  Great  fear  was 
expressed  in  the  country  lest  the  vitriol  should  bum  the  doth,  when  Dr.  Home  stated 
that  he  had  kept  Hnen  in  add  of  the  required  dilution  for  some  months  without 
having  it  injured.    BerthoUet  also  said  that  the  add  made  a  better  white. 

In  1784  BerthoUet  made  known  some  investigations  on  dilorine,  and  in  1787 
communicated  them  to  the  Erench  Academy.  By  these  investigations  it  was  found 
that  chlorine  had  the  power  of  destroying  colouring-matters.  The  use  of  chlorine 
was  brought  to  this  country  by  the  Duke  of  CKnrdon  and  Professor  Copeland  of 
Aberdeen,  who  then  gave  the  process  to  be  carried  out  by  Messrs.  Milnes,  of  the  firm 
of  Ck)rdon,  Barron,  and  Co.,  of  that  place.  In  this  discovery  the  theoretical  portion  is 
due,  first,  to  Scheele,  who  discovered  the  chlorine ;  and,  secondly,  to  BerthoUet,  wha 
discovered  the  pecuUar  property.  The  practical  mode  of  e£fecting  the  object  is  the 
part  which  we  claim ;  but  it  consists  of  such  a  long  series  of  enensive  trials  and 
ingenious  contrivances,  that  it  will  take  a  much  longer  time  to  describe  them  than 
to  ^ve  the  first  idea  only.  As  the  invention  was  at  first  appUed  only  to  cotton, 
which  at  that  period  was  rising  into  importance,  we  shaU  begin  the  description  of 
modem  bleaching  with  the  mode  adopted  for  that  materiaL 

James  Watt  at  the  date  given  was  in  intimate  communication  with  BerthoUet,  and 
did  not  rest  until  he  had  made  the  process  successful  at  the  bleach-field  of  Maegregor, 
near  Glasgow,  requesting  the  results  to  be  communicated  to  a  meeting  of  manumc- 
turers  to  l^  caUed  together  at  Manchester ; — so  quick  was  Watt  to  see  what  would  be 
for  the  permanent  interest  of  a  countiy,  and  so  ready  to  act  on  it !  Dr.  Henry  did 
much  to  make  it  known  to  the  manufacturers  about  Manchester.  This  is  one  of  the 
early  instances  of  sdentific  men  being  directly  applied  to  by  manufacturers  for  as- 
sistance— an  application  sddom  made  unless  under  great  difficulties. 

In  1798,  Charles  Tennant,  of  Glasgow,  introduced  chloride  of  lime,  whidi  is  pre- 
fened  above  aU  other  compounds  as  a  means  of  applying  chlorine. 

The  tme  theory  oi  bleaching  has  not  been  entirely  agreed  upon,  but  there  can  be 
little  doubt  of  the  prindpal  operations.  It  is  known  that  oxygen  deprives  substances 
of  colour;  this  may  be  performed  by  many  high  oxides;  by  nitric  add,  manganic 
and  chromic  acids,  chlorous  add,  and  even  lower  oxides  which  hold  their  oxygen 
lightly,  as  hypochlorous  acid.  The  same  effect  may  be  produced  by  chlorine,  bromine, 
and  iodine.  It  has  been  said  that  chlorine  unites  with  the  hydrogen  of  the  water 
which  is  present^  gives  off  oxygen,  and  so  acts  just  as  oxygen  wo^d.  Davy  found 
tiiat  it  would  not  act  in  dry  air,  so  that  water  was  needful :  but  Dr.  Wilson  found 
that  it  would  act,  although  slowly,  in  dry  air,  if  exposed  to  the  rays  of  the  sun.  This 
might  show  that  water  is  not  necessary  in  order  to  supply  oxygen,  but  only  to  aUow 
the  chlorine  to  be  brought  into  thorough  contact  with  the  colouring-matter.  It  has 
also  been  supposed  that  the  chlorine  removes  the  hydrogen,  or,  rat£er,  simply  takes 
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its  place  by  an  act  of  substitution.  Now,  whether  the  chlorine  or  the  liberated 
oxjgen  remoTes  the  hydrogen,  the  result  will  be  the  same — ^the  destruction  of  the 
compound.  Chlorine  so  readily  performs  these  changes,  that  we  should  at  once  decide 
on  <^lling  it  the  active  agent,  were  it  not  for  the  fact  that  oxygen  acts  so  readily,  even 
when  chlorine  is  not  present :  for  example,  peroxide  of  hydrogen,  as  well  as  the  oxides 
just  mentioned,  and  ozone  also,  which  has  no  chlorine  to  help  it.  It  is,  then,  certain 
that  oxidation  bleaches ;  and  it  is  certain  that  dehydration  bleaches,  if  performed  by 
chlorine^  and  that  the  sun  aids  it  by  its  active  rays.  We  know  also  that  water  aids 
it:  water  aids  bleaching  or  oxidation  by  air,  portly  because  it  contains  air  in  solution. 
It  aids  also  the  bleaching  performed  by  solutions  in  contact  with  porous  bodies,  bo- 
cause  these  bodies  have  a  power  of  condensing  gases  in  their  poies  and  of  compelling 
combinations.  The  next  question  is.  Does  it  aid  the  bleaching  by  chlorine  in  the  same 
way,  by  assisting  the  union  mechanically^  or  by  decomposing  water  ?  Chlorine  acts 
slowly,  unless  water  be  present.  The  theory,  therefore,  does  not  demand  the  decom- 
position of  water,  and  the  known  powerful  affinities  of  chlorine  do  not  require  to  be 
supplemented  by  oxygen.  But,  in  order  to  see  exactljr  the  state  of  the  case,  let  us  look 
at  the  action  of  chlorine  in  hvpochlorites  or  in  chlonde  of  lime,  and  we  find  that  it  is 
a  direct  oxidation.  We  obtain  by  it  peroxides  of  metals,  and  not  chlorides.  Here  we 
seem  to  be  taught  directly  by  experiment,  that  bleadiing  by  hypochlorites  is  an 
oxidation  of  the  colouring-matter.  Bleaching  by  moist  dilorine  may  therefore  be 
looked  on  as  the  same ;  indeed,  we  oxidise  by  it;  but  in  such  cases  we  may  obtain 
the  base  at  the  same  time  united  to  chlorine,  giving  another  turn  to  the  question,  as 
Kane  showed.  The  oxidation  theory,  therefore,  seems  to  be  sufftdent  when  water  is 
present  We  are,  however,  finally  to  deal  with  dry  chlorine  in  the  sun ;  and  in  that 
case  it  is  fiiir  to  conclude  that  it  acts  by  direct  combination  with  hydrogen  or  the 
colouring-matter  or  both.  We  have,  then,  two  modes  of  bleaching ;  but  the  usual 
mode  in  the  air  becomes  by  that  explanation  an  oxidation,  and  the  direct  action  of 
chlorine  obtainable  only  with  di£&nilty.  When  sulphurous  add  is  used,  another 
phenomenon  may  be  looked  for,  as  we  find  a  substance  whose  chief  quality  is  that  of 
deoxidising.  The  removal  of  oxygen  also  decomposes  bodies,  and  sulphuretted 
hydrogen  can  scarcely  be  supposed  to  act  in  any  other  way.  Sulphurous  add,  when 
it  dec^poses  sulphuretted  hydrogen,  really  acts  as  an  oxidising  agent,  and  we  can 
therefore  imagine  it  as  such  in  the  bleaching  process.  Investigation  has  not  told  us 
if  it  enters  into  combination  as  S0^  and,  l&e  oxygen,  destroys  colour,  altering  the 
co^MSund  by  inserting  itselfl 

We  may  &iriy  conclude  that  the  processes  bv  chlorine  and  sidphurous  add  are 
performed  in  a  manner  as  di£ferent  as  the  mode  in  which  a  salt  of  ammonia  acts  on 
chlorine  or  an  oxadd,  or,  in  Dr.  Wilson's  general  terms, '  spedfic  differences  may  be 
expected  to  occur  with  all  the  gases  named,  as  to  thdr  action  on  any  one  colouring- 
matter,  and  with  different  colouring-matters,  as  to  their  deportment  with  any  one  of 
the  gases.'— TrofM.  R.  8,  E„  1848. 

It  has  been  attempted  to  introduce  manganates,  chromates,  chlorates,  chlorochromic 
add,  and  sulphites,  but  without  success,  as  bleaching  agents. 

Blbaohiko  of  Cottdk. 

BUbit4mce»  dealt  tcith  in  B/eocAtfi^.— The  object  of  bleaching  is  to  separate  from 
the  textile  fibre  all  the  substances  which  may  mask  its  intrinsic  whiteness,  or,  which, 
in  the  course  of  dydng  or  xxrinting,  may  produce  ii^urious  effects  on  the  colours. 
The  substances  present  in  cotton  goods,  and  to  be  treated  in  bleaching,  are  as  follows  :- 

a.  The  rednous  matter  natural  to  the  filaments. 

b.  The  colouring-matter  of  the  plant. 

c.  The  paste  of  the  weaver. 

d.  A  fettty  matter. 

e.  A  cupreous  soap. 
/.  A  calcareous  soap. 

a.  The  filth  of  the  hands. 

%,  Iron  rust,  earthy  matters,  and  dust 

i.  The  cotton  fibre  itself. 

J,  The  carbonaceous  matter  caused  by  singdng. 

i.  The  seed-vessels. 

a.  Cotton  is  covered  with  a  resinous  matter,  which  obstructs  its  absorption  of 
moisture.  This  alone  would  prevent  it  receiving  colour,  and  it  is  known  that  if  this 
could  be  removed,  some  of  the  darker  colours  could  be  dyed  without  any  bleaching, 
providing  also  the  impurities  arising  from  manipulation  were  absent,  although  the 
finest  ooburs  could  not  be  produced  in  this  manner  on  cotton  in  general.    M.  Bolly, 
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however,  haa  proposed  the  use  of  acetic  add,  or  of  a  sour  bran  liquor,  as  substanoes 
which  are  absorbed  by  the  cotton  and  render  it  capable  of  absorbing  colour  or  solu- 
tions. The  matter  which  prevents  the  moistening  has  not  been  thoroughly  examined* 
It  is  found  to  be  soluble  in  alcohol  or  ether,  and  some  of  it  in  turpentine :  it  is  there- 
fore  called  a  resinous,  waxy,  or  fatty  body.  It  is  dissolved  by  alkalis,  and  thrown 
down  by  acids  in  strong  solutions.  The  alcohol  solution  leaves  thin  yellowish  scales, 
which  may  be  dissolved  in  acid,  or  even  in  much  water.  But  information  oonooming 
it  is  indistinct  For  a  long  time  the  process  conunenced  by  removing  thia  resin  by 
means  of  alkali.    It  is  called  scouring. 

b.  The  whole  colouring-matter  is  not  soluble  in  alkalis,  but  it  becomes  so  aftar 
being  altered  by  the  action  of  chlorine,  or  by  insolation  or  croft-bleaching.  It  is  not 
even  capable  of  being  bleached,  or  at  least  but  slowly,  unless  it  be  previously  acted 
on  by  alkalis.  The  amount  of  colour  is  much  less  with  cotton  than  linen.  The 
former  is  so  white  naturally,  that  washing  and  bleaching  might  be  dispensed 
with,  were  it  not  for  the  substanoes  which,  during  its  manufacture,  come  in  contact 
with  it,  if  the  ^;um  were  removed  which  prevents  the  moistening.  The  alkaline  solution 
from  the  raw  linen,  when  precipitated  by  acids,  throws  down  a  nearly  black  resinous 
mass,  and  the  total  loss  of  weight  is  veiy  ^eat 

e.  The  weaver's  dressing  is  composed  chiefly  of  farinaceoos,  Mutinous,  or  gelatinous 
substances,  starch,  flour,  or  size.  They  are  usually  allowed  to  become  sour  before 
using.  They  are  all  dissolved  by  water  or  alkaline  solutions,  including  lime.  When 
the  dressing  gets  dry,  the  hand-weaver  oooasionaUv  renders  his  warp-threads  more 
pliant  by  rubbing  some  cheap  kind  of  grease  upon  them.  Hence  it  happens  that  the 
cloth  which  has  not  been  completely  freed  from  this  ieMj  matter  will  not  readily  im- 
bibe water  in  the  different  bleaching  operations ;  and  hence,  in  the  subsequent  pro- 
cesses, these  greasy  spots,  under  peculiar  circumstances — somewhat  like  lithographic 
stones — strongly  attract  the  aluminous  and  iron  mordants,  as  well  as  the  dyestufEs, 
and  occasion  stains  which  it  is  almost  impopsibre  to  dischazge.  The  adds  act  dif- 
ferenUy  upon  the  fatty  matters,  and  thence  remarkable  anomalies  in  bleaching  take 
place.  "V^en  oil  is  treated  with  the  acetic  or  muriatic  acid,  or  with  aqueous  chlorine, 
It  evolves  no  gas,  as  it  does  with  the  sulphuric  and  nitrie  acids;  but  it  puts  these 
substances  into  a  condition  in  which  they  cannot  be  dissolved  by  a  strong  bdliiig  lye 
of  caustic  soda.    Carbonic  add  is  said  to  have  a  similar  action  with  oil. 

d.  BotJi  cotton  and  linen  contain  a  littie  fatty  matter,  which  is  re^Mved  in  the  same 
manner  as  the  resinous.  Some  of  it  comes  from  the  mode  of  treatiog  the  warp,  which 
is  occasionally  greased  for  weaving.  This  prevents,  like  resinous  matter,  the  thorough 
saturation  by  solutions  which  are  not  alkaline,  and  soap,  soda,  or  potash  may  be  used 
to  remove  it  by  solution.  lime  makes  an  insoluble  soap,  and  is  therefore  not  suited 
to  the  operation.  I^  however,  lime  has  been  used,  the  inscduble  soap  may  be  removed 
by  treating  with  carbonate  of  soda,  which  forms  a  carbonate  of  lime,  and  leaves  the 
fat  in  combination  with  the  alkali.  The  carbonate  of  lime  is  then  removed  bv  an  add. 
This  is,  however,  an  indirect  method ;  and  the  mode  universally  used  is  to  decompose 
the  lime-soap  by  an  add,  and  remove  the  lime,  leaving  the  £ftt  in  the  doth ;  then  to 
wash  out  the  fat  by  an  alkali,  or  by  soap  and  alkali  mixed,  as  is  the  custom  almost 
everywhere.  The  soap  used  is  in  great  measure  a  resinous  one,  for  cheapness,  and  it 
is  mixed  with  carbonate  of  soda. 

e.  When  the  hand-weavers'  grease  continues  in  contact  for  a  night  with  the  copper 
dents  of  his  reed,  a  kind  of  cupreous  soap  is  formed,  which  is  sometimes  very  difi&ult 
to  remove  from  the  web.  Lime-water  does  not  dissolve  it ;  but  dilute  sulphuric  add 
carries  off  the  metallic  oxide,  and  liberates  the  margario  add,  in  a  state  ready  to  be 
acted  on  by  alkalis. 

/.  When  doth  is  boiled  with  milk  of  lime,  the  grease  which  is  uncombined  unites 
with  that  alkaline  earth,  and  forms  a  calcareous  soap,  pretty  soluble  in  a  great  excess 
of  lime-water,  and  still  more  so  in  caustic  soda.  But  all  fats  and  oils,  as  well  as  the 
soaps  of  copper  and  lime,  cease  to  be  soluble  in  alkaline  lyes  when  they  have  remained 
a  considerable  time  upon  the  goods,  and  have  been  in  contact  with  acetic,  carbonic, 
or  muriatic  adds,  or  cnlorine.     These  results  have  been  verified  by  experiment 

ff.  Cotton  goods  are  sometimes  much  soiled,  from  being  sewed  or  tamboured  with 
dirty  hands ;  but  they  may  easily  be  cleansed  from  this  filth  by  hot  water. 

h.  Any  ferruginous  or  earthy  matters  which  get  attached  to  the  goods  in  the  course 
of  bleaching  are  readily  removable,  if  not  allowed  thoroughly  to  penetrate  the  cloth  ; 
but  the  fine  ferruginous  clay  found  in  suspension  in  water  is  very  difficult  to  wash  ofi^ 
and  it  probably  cannot,  by  any  means,  be  removed  from  printed  goods  without  spoiling 
the  colours. 

f.  In  all  these  operations  it  is  needful  to  consider  the  most  important  substance  of 
all — the  fibre.  Eadi  of  the  operations  may  weaken  or  destroy  it  if  managed  unwisoly. 
Cbustic  lima  may  be  allowed  to  act  for  a  long  tame  on  doth  without  any  ii\}uxy,  but 
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if  allowed  to  act  on  it  with  free  aooeas  of  air,  it  destroys  it  in  a  few  hours.  Keitlier 
can  cloth  stand  the  action  of  alkalis  of  any  kind  very  long :  if  very  strong,  they 
rapidly  destroy  it.  The  same  thing  may,  in  a  still  stronger  sense,  be  said  of  adds ; 
and  chloride  of  lime  or  bleaching-powder  acts  in  the  same  direction.  linen,  although 
mechanically  much  stronger  than  cotton,  has  not  an  equal  chemical  resistance  to  de- 
composition. It  has  not,  therefore,  been  possible  to  use  chloride  of  lime  so  as  entirely 
to  complete  the  process  of  bleaching  linen,  but  only  to  hasten  it,  the  completion  being 
still  nejarly  in  all  cases  made  by  crafting.  The  bleacher  has  found  out  these  t^ngs  by 
ezpensiye  experience,  and  eyery  day  shows  the  importance  of  guarding  against  the 
excessiye  action  of  any  one  of  the  bleaching  agents.  Goods  are  continually  suffaring 
from  the  desire  of  speed  on  the  part  of  the  trade,  and  especially  of  the  buyer ;  nor  is 
it  easy  to  find  them  absolutely  unii^jured  by  the  process  of  bleaching,  although  it 
seems  possible  to  conduct  the  process  so  that  no  weakening  will  ensue.  The  pre- 
cautions taken  are^  such  as  cause  the  processes  to  appear  very  long  and  tedious.  The 
boiling  with  lime  is  continued  as  long  as  it  is  safe ;  the  dom  is  then  at  once  washed 
and  scoured,  so  as  to  remoTe  all  the  caustic  earth  from  the  fibre.  The  add  is  not  al- 
lowed to  remain  long,  but  is,  within  from  two  to  four  hottrs,  washed  out  by  madiines 
whidi  cause  the  doth  to  be  frequently  and  rapidly  saturated  with  water ;  and  when 
one  of  these  |)irocesseB  is  not  enough,  it  is  found  better  to  return  to  it  again  than  oom- 
pletdy  to  finish  it  at  once,  to  the  danger  of  the  fibre ;  in  the  same  way  as  workmen, 
if  they  find  it  needful  to  put  their  hands  into  hot  water,  do  it  rapidly  and  for  a  short 
time,  but  bring  them  out  to  cool  before  they  return  to  the  charge.  To  dry  the  goods 
with  even  a  very  small  amount  of  add  would  infallibly  render  them  rotten.  When 
the  chlorine  has  oxidised  or  otherwise  acted  on  the  colouring-matter,  so  as  to  render 
it  soluble,  it  is  washed  out  with  alkalis,  but  the  whole  may  not  be  acted  on  by  the 
first  process,  and  a  second  may  be  needful.  Afiain,  as  to  crofting :  one  exposure  may  not 
be  found  enough ;  another  washing  and  anower  crofting  are  then  needed,  and  a  tnird, 
and  so  on,  according  to  the  method  employed  and  the  nature  of  the  material  used. 

The  souring  by  yegeteble  substances  or  by  fermentetion  may  also  injure  the  doth, 
not  by  the  amount  of  add  existing  in  the  solution,  but  the  decomposition  which  be- 
comes communicated  from  the  yegetable  matter  to  the  doth,  and  so  renders  it  weak 
and  rotten.  The  same  is  peculiarly  the  case  when  putre&ictiye  action  is  allowed  to 
commence.  This  was  often  the  case  when  the  gluten  of  the  paste  was  remoyed  by 
fermentetion.  It  has  been  said  that  the  action  of  carbonic  and  acetic  add  on  the  fete 
is  a  great  objection  to  the  fermentetion  process,  as  they  are  thought  to  render  the  fat 
insoluble,  and  produce  an  indelible  mark. 

.  Experimento  underteken  for  the  purpose  haye  shown  that  the  strength  of  the  fibre 
is  not  impaired  by  being  boiled  in  milk  of  lime  for  two  hours,  at  the  ordinary  pressure, 
proyided  it  is  not  exposed  at  the  same  time  to  air ;  but  bleachers  consider  that,  prac- 
tically, the  goods  are  not  injured  by  boiling  with  lime  for  sixteen  hours  at  the  strengUi 
of  40  lbs.  to  100  gallons.  It  has  also  been  proyed  that  caustic  soda  of  the  spedfic 
gnrity  oi  1030*  does  not  hurt  them,  eyen  boiled  under  the  pressure  of  140  lbs.  to  the 
square  inch,  or  immersion  for  dght  hours  in  chloride  of  lime  solution  conteining 
3  lbs.  to  100  gallons,  and  afterwards  in  sulphuric  add  of  the  spedfiq  grayity  of  1067*i 
or  dghtoen  hours  at  the  spedfic  grayity  of  1035'. 

y.  The  carbon  left  by  the  singeing  is  entirely  remoyed,  but  it  is  not  dear  what  be- 
comes of  it.  It  disappears  in  the  alkaline  solution,  as  no  traces  seem  to  exist  after 
this  action.  Probably  the  blackness  or  darkness  is  not  caused  by  any  pure  carbon, 
but  by  compounds  soluble  in  alkalis.  If  any  elementary  carbon  exist,  it  is  carried 
away  almost  entirely,  no  doubt,  by  mechanical  means^ 

k.  The  same  method  geto  rid  of  the  paitides  of  pod  which  lemain  in  the  cotton, 
and  alter  the  first  washing  they  seem  to  stend  out  yery  prominently,  swelling  up  into 
large  dark  spots.  The  alkali  probably  renders  them  soft,  and  allows  them  to  mix 
readily  with  liquids,  if  not  altogetiier  actually  dissolyed. 

General  Process  qf  Bleaching, — The  process  of  bleaching,  firom  what  we  haye  seen, 
resolyes  itodf  into  treatment  with  alkalis,  and  the  action  of  chlorine  or  of  li^t.  In 
describing  the  operations  they  seem  to  be  yery  numerous ;  but,  as  explained,  some 
require  to  be  repeated  gently,  instead  of  being  finished  by  one  decisiye  operation,  so 
as  not  to  ii\iure  the  fibre ;  and  some  are  intermediate  operations,  such  as  the  fre- 
quent washings  needed  in  passing  from  one  process  to  the  other.  The  alkaline  solu- 
tion in  which  the  goods  are  boiled  does  not  contain  aboye  250  lbs.  of  carbonate  of  soda 
to  600  gallons,  but  nearly  always  less.  lime  is,  howeyer,  used  much  more  frequently 
than  soda,  which  it  will  be  seen  is  only  employed  in  the  second  ^wocess,  and  the  third 
if  there  be  one.    It  is  less  hurtful  to  the  doth,  and  is  much  cheaper  than  the  alkalis. 

The  chloride  of  lime  is  used  at  ^  Twaddle,  or  1002'5.  It  is  not  considered  so  im- 
portent  now  as  fomiBrly,  and  where  300  lbs.  were  formerly  employed,  30  to  40  are  now 
used,    The  goods  are  made  nearly  white  by  the  alkalis,    The  chlorine  giyea  only 
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the  last  finish,  and  is  sometimes  used  to  whiten  the  ground  on  colonred  ^oods.  The 
whole  process  may  be  expressed  thus : — ^Wcksh  out  the  soluble  matter ;  boil  with  lime 
to  dissolve  still  more,  and  to  make  a  &tty  compound  with  the  oily  matter ;  wash  out 
the  lime  by  acids ;  wash  out  the  fat  with  a  soda-soap ;  clear  the  white  by  chloride 
of  lime. 

The  impurities  in  the  cloth  have  a  certain  power  of  retaining  colour  upon  them. 
Mud  and  dirt,  as  well  as  grease,  gluten,  and  albuminous  matters,  hare  this  property, 
and  fatty  soaps,  such  m  lime-compounds  of  fatty  adds.  The  pure  fibre,  however, 
has  no  power  of  taking  up  solutions  of  such  colouring-matter  as  madder.  When, 
therefore,  it  is  desired  to  try  the  extent  to  which  cloth  has  been  bleached,  it  is  dyed 
or  boiled  up  with  madder  exactly  as  in  the  process  of  dyeing.  It  is  then  treated  with 
soap,  as  the  madder-dyed  goods  are  treated,  and  if  it  comes  out  without  a  stain,  or 
nearly  pure  white,  the  goods  are  ready.  Dyers  or  calioo-printers  who  dye  printed 
goods  are  exceedingly  particnlar  as  to  the  bleaching,  the  dyeing  and  printing  haying 
now  approached  to  sudi  exactness,  that  shades  invisible  to  any  eye  not  very  much 
experienced  are  sufficient  to  diminish  in  a  material  degree  the  value  of  the  doth. 
An^r  inequality  firom  irregularity  of  bleaching,  which  causes  a  nmilar  irregnlaritr  of 
dyeing,  is  destructive  to  the  character  of  the  goods.  Many  patterns,  too,  have  whito 
grounds ;  these  grounds  it  is  the  pride  of  a  printer  to  have  as  wbito  as  snow.  If 
delicate  colours  are  to  be  printed,  they  will  he  deteriorated  if  the  ground  on  which 
th^  are  to  be  printed  is  not  perfectly  white. 

The^  stains  which  come  out  upon  maddered  goods  in  consequence  of  defective 
bleaching  are  sometimes  called  sjktMS,  Their  origin  is  such  as  I  have  described 
above,  as  the  following  statemente  of  mete  will  show.  The  weaver  of  calicoes  receives 
frequently  a  fine  warp  so  tender,  ftom  bad  spinning,  or  bad  steple  in  the  cotton,  that 
it  will  not  bear  the  ordinary  strain  of  the  heddles,  or  friction  of  the  shuttle  and  reed, 
and  he  is  obliged  to  throw  in  as  mudi  weft  as  will  compensate  for  the  weakness  or 
thinness  of  the  warp,  and  make  a  good  mariLetable  doth.  He  of  course  tries  to  gain 
his  end  at  the  least  expense  of  time  and  labour.  Hence,  when  his  paste  dressing  be- 
comes dry  and  stifi^  he  has  recourse  to  such  greasy  lubricanto  as  he  can  most  cheaply 
procure,  which  are  commonly  either  tallow,  or  butter  in  a  randd  stete,  but  the  former, 
being  the  lowest  priced,  is  preferred.  Accordingly,  the  weaver  having  heated  a  lump 
of  iron,  applies  it  to  a  piece  of  tall<^  hdd  over  the  warp  in  the  loom,  and  causes  the 
mdted  £ftt  to  drop  in  patches  upon  the  yams,  which  he  afterwards  spreads  more  evenly 
by  his  brush.  It  is  obvious,  however,  that  the  grease  must  be  very  irreffularly  applied 
in  this  way,  and  be  particularly  thick  on  certain  spots.  This  irregnlanty  seldom  fails 
to  appear  when  the  goods  are  bleached  or  dyed  by  the  common  routine  of  work. 
Printed  calicoes,  examined  by  a  skilful  eye,  will  be  often  seen  to  be  stained  with  large 
blotches,  evidently  occasioned  by  this  vile  practice  of  the  weaver.  The  ordinary 
workmen  call  these  copper  stains,  believing  them  to  be  communicated  in  the  dyeing- 
copper.  Such  stains  on  the  doth  are  extremely  iigurious  in  dyeing  with  the  indigo-vat 

Old  Methods  sUU  in  uae, — ^As  a  specimen  of  the  older  processes,  we  shall  give  the 
following,  adding,  afterwards,  a  minute  account  of  some  of  the  plans  adopted  bv  the 
most  sucoessftil  bleachers.  When  grease  sttuns  do  not  exist,  as  happens  with  the 
bettor  kind  of  muslins,  or  when  goods  were  not  required  to  be  findy  fiiushed,  the  fd- 
lowing  has  been  adopted : — ^After  singeing,  1.  Boiling  in  water.  2.  Scouring  by  the 
Btodu  or  dash-wheeL  8.  Buddng  with  bme.  4.  The  bleaching  properljr  so  called, 
viz.,  passing  through  chlorine  or  crofting.  6.  Bucking  or  bowking  with  milk  of  lime. 
These  two  Utter  processes  employed  altomatelysevaniil  times,  tul  the  whole  of  the 
colouring-matter  is  removed.    6.  Souring.    7*  Washing. 

Another  routine  has  been,  1.  Cleansing  out  the  weavers'  dressing,  by  steeping  the 
doth  for  twelve  hours  in  cold  water,  and  then  washing  it  at  the  stocks  or  dasn-wheeL 
2.  Boiling  in  milk  of  lime,  of  a  strength  suited  to  the  quality  of  the  goods,  but  for  a 
shorter  time  t^n  with  the  soda  lye ;  two  short  operations  with  the  Hme,  with  inter- 
mediate washing,  being  preferable  to  one  of  greater  duration.  8  and  4.  Two  conse- 
cutive lyes  of  ten  or  twelve  hours*  boiling,  with  about  2  lbs.  of  soda  crystals  for  1  cwt. 
of  do^  6.  Exposure  to  the  air  for  six  or  eight  days,  or  the  application  of  chloride 
of  lime  and  then  sulphuric  add.  6.  A  lye  of  caustic  soda.  7.  JBxposure  to  the  air 
for  six  or  dght  days,  or  chlorine  and  add  as  above.  8.  Caustic  soda  lye  as  before. 
9.  Chlorine  and  the  sour.    10.  Binsing  in  hot  water,  or  scouring  by  the  dash-wheeL 

The  Procesaea  used  in  Bleaching,  ^ngeing, — The  singeing  is  performed  by  passing 
the  doth  over  a  red-hot  plate  of  iron  or  copper.  The  flgore  108  shows  this  apparatus 
as  improved  by  Mr.  Thom.  At  a  there  is  a  cylinder,  with  the  doth  wound  round 
it  to  be  singed;  it  passes  over  the  red-hot  plato  at  5,  becomes  dnged»  passes  over  a 
small  roller  at «,  which  is  partly  immersed  in  water,  and  by  this  means  has  all  the 
sparks  extinguished ;  then  is  wound  on  to  the  roller  d^  when  the  process  is  finished. 
A«  the  products  of  combustion  from  the  singeing  are  sometimes  very  unpleasant,  thejr 
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are  earned  by  tliis  apparatus  into  the  fire-place,  whel*e  they  are  oonsmned.  The 
arrows  show  the  passage  of  these  vapours  from  the  suifece  of  the  doth  downwards 
into  the  hearth,  and  thence  into  the  &re. 


For  goods  to  be  finely  printed  both  sides  are  singed ;  for  market  bleaching,  one 
side.    Sometimes,  howeyer,  singeing  is  not  at  all  desired. 

The  nso  of  a  line  of  gas  iets  instead  of  a  red-hot  plate  was  introduced  by  Mr. 
Samuel  Hall.  It  has  not,  however,  found  its  way  generally  into  bleach-works :  the 
plate  is  preferred.    Gas  jets  are  used  necessarily  in  singeing  threads.    See  SmosiNa. 

Shearing, — ^For  fine  printing,  it  is  by  some  considered  needftil  to  shear  the  nap  of 
the  doth  instead  of  singeing  it.  Tne  method  is  more  expensive  than  singeing. 
Messrs.  Mather  and  Piatt  have  made  a  machine  which  will  shear  60  to  80  yards  per 
minute. 

Bucking  or  Bowking, — ^This  is  the  process  of  boiling  ^oods.    It  is  performed  in 
alkaline  bquids,  generally  lime,  or  soda,  or  both.    The  kier  for  bowking  is  a  cylin- 
drical iron  vessel,  the  chief  peculiarity  of  which  is  ^qq 
a  method  of  preyenting  the  doth  from  being  burnt  _ 
on  the  bottom  of  the  vessel,  or  allowed  to  dry  on 
the  vessel,  or  so  to  be  pressed  on  the  bottom  as 
to  prevent  the  boiling  of  the  liquid  in  a  uniform 
manner.    This  is  done  by  simply  having  a  false 
bottom  to  the  kier,  or  a  wooden  perforated  bottom, 
about  eight  or  ten  inches  above  the  actual  bottom. 

The  boiler,  such  as  a,  y^.  109,  has  a  stopcock, 
H  o,  at  bottom,  for  runmng  ofiT  the  waste  lye. 
Eiers  are  commonly  made  of  cast-iron,  and  are 
capable  of  containing  from  300  to  600  gallons  of 
water,  according  to  the  extent  of  the  business 
done.  In  order  that  the  capadty  of  the  boilers 
may  be  enlarged,  they  are  formed  so  as  to  admit 
of  a  crib  of  wood,  strongly  hooped,  or,  what  is  P 
preferable,  of  cast-iron,  to  be  fixed  to  the  upper 
rim  or  edge  of  it.    To  keep  the  goods  from  the 

bottom,  where  the  heat  acts  most  fordbly,  a  strong  iron  ring,  covered  with  netting 
made  of  stout  rope,  c,  is  allowed  to  rest  six  or  eight  inches  above  the  bottom  of 
the  boiler.  Four  double  ropes  are  attached  to  the  ring  b,  for  withdrawing  the  goods 
when  suffidently  boiled,  which  have  each  an  eye  for  admitting  hooks  from  the 
running  tackle  of  a  crane.  Where  more  boilers  than  one  are  employed,  the  crane 
is  so  placed  that,  in  the  range  of  its  sweep  it  may  withdraw  the  goods  firam  any  of 
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them.  For  this  purposo,  the  crane  turns  on  pivots  at  top  and  l>ottom  *  and  the 
goods  are  raised  or  lowered  at  pleasure,  with  double  pulleys  and  sheayes,  by  means 
of  a  cylinder  moved  by  cast-iron  wheels.  The  lid  is  secured  by  the  screw  bolts  D  D* 
and  nngs  b  b.    f  is  a  safety-yalye. 

To  avoid  the  excessive  heating  needful  to  drive  the  liquid  through  the  goods,  Mr. 
John  Laurie  invented  the  kier  shown  at  fig,  110. 

In  this  figure,  a  b  c  d  is  the  wooden  kieve,  or  kier,  containing  the  cloth ;  c  b  f  d 
represent  the  cast-iron  boiler ;  g  o,  the  pump ;  ^,  x,  the  pipe  of  communication 
between  the  kier  and  the  boiler.  This  pipe  has  a  valve  on  ea<m  of  its  extremities  : 
that  on  the  upper  extremity,  when  shut,  prevents  the  lye  from  running  into  the 
boiler,  and  is  regulated  by  the  attendant  by  means  of  the  rod  and  handle  g  b.  The 
valve  at  k  admits  the  lye :  but,  opening  inwards,  it  prevents  the  steam  from  escaping 
through  the  pipe  g  x.  The  boiler  has  a  steam-tight  iron  cover,  a  l  ;  and  at  c  d  in 
the  kier  is  a  woo^n  grating,  a  small  distance  above  the  cover  of  the  boiler. 

At  M  o  is  a  broad  plate  of  metal,  in  order  to  spread  the  lye  over  the  doth.  It 
is  hardly  necessary  to  say  that  the  boiler  has  a  furnace,  as  usual,  for  simi]jar 
purposes. 

While  the  lye  is  at  a  low  temperature,  the  pump  is  worked  by  the  mill  or  steam* 

» 


of  the  first  It  consists  of  two  parts :  the  upper  wide  part,  a  a,  serves  for  the  reception 
of  the  goods,  and  the  lower  or  pot,  6,  for  holdmg  the  lye ;  c  o  is  an  iron  giating,  shown 
apart  in^.  113.  The  grating  has  numerous  square  apertures  in  the  middle  of  the 
due,  to  which  the  rising  pipe  d  is  screwed  fasU    The  upper  cylinder  is  formed  of 
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Cast-iion,  or  of  sheet-iron  well  riyeted  at  the  edges ;  or  sometimes  of  wood,  this 
being  secured  at  its  under  edge  into  a  grooye  in  the  top  edge  of  the  lye-pot.  The 
month  of  the  cylinder  is  constructed  usually  of  sheet-iron,  e  e  is  the  fire-grate, 
whose  upper  surface  is  shown  in^.  Ill :  it  is  made  of  cast-iron  in  throe  pieces.  The 
flame  is  parted  at/,  and  passes  through  the  two  apertures  ff  gy  into  the  flues  A  A,  so 
as  to  play  round  the  pot,  as  is  visible  in^^.  112,  and  escapes  by  two  outlets  into  the 
chimney.  The  apertures  %  %  serve  for  occasionally  cleaning  out  the  flues  h  A,  and  are, 
at  other  times,  shut  with  an  iron  plate.  In  the  partition/,  which  separates  the  two 
openings  g  g^  and  the  flues  h  A,  running  round  the  pot,  there  is  a  circular  space  at  the 
point  ma»ed  with  k^fig,  112,  in  which  the  large  pipe  for  discharging  the  waste  lye  is 
lodged.  The  upper  large  cylinder  should  be  encased  in  wood,  with  an  intermediate 
space  fllled  with  sawdust,  to  conflne  the  heat.  The  action  of  this  apparatus  is  exactly 
the  same  as  that  already  explained. 

Besides  the  boiling,  bucking,  and  other  apparatus  above  described,  the  machinery 
and  utenfiils  used  in  bleaching  are  various,  according  to  the  business  done  by  the 
bleacher. 

The  Ider  of  Messrs.  Mather  and  Flatt  is  very  complete.  The  first  figure  (114) 
is  the  kier  when  shut  or  screwed  down.    The  second  (115,  p.  372)  is  Sie  section 

114 


of  the  kier,  which  is  very  like  that  before  given ;  but  in  this  case  it  is  steam-tight, 
and  heated  by  steam  which  issues  from  a  steam-pipe  communicating  beneath  the 
false  bottom.  The  dangers  attending  the  kier  before  mentioned  are  by  this  means 
entirely  averted,  and  all  the  inventions  which  give  the  washing  liquid  a  separate  and 
distinct  place  for  heating  are  at  once  done  away  with. 

An  exact  description  of  these  kiers  is  required,  a,  6,  c, «?,  represent  the  body  of  the 
kier,  which  is  a  cylindrical  vessel,  generally  made  of  cast-iron,  but  sometimes  of  wood, 
or  wrought  iron,  h  represents  the  false  bottom ;  a  cast-iron  grating,  sometimes  covered 
with  bcralder  stones,  and  sometimes  with  wood ;  a^  a  cylindScal  disc,  of  wrought-iron, 
placed  on  the  top  of  *  puffer-pipe '  jr,  to  spread  the  li<^uor  over  the  cloth,  a,  » puffer- 
pipe,'  standing  on  false  bottom,  ^<    «,  cylindrical  casting  for  supporting  false  bottom 

B  u:) 
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and  'puffer-jape/  whose  periphery  is  'slotted/  to  admit  of  the  liquor  passing 
through.  B,  cover  for  kior ;  the  flanch  on  which  this  cover  rests  is  grooved  a  little 
to  admit  of  *  gasking  *  being  inserted,  so  as  to  form  a  *  joint.*  A:,  Ar,  swivel-bolts, 
holding  down  the  cover,  i,  a  small  aperture,  covered  with  a  lid  capable  of  being 
removed  easily,  to  enable  the  attendant  to  see  that  the  cloth  does  not  rise  too  high 
in  the  kier  to  endanger  its  working;  if  such  happens,  he  checks  the  steam  until 

115 


the  cbth  settles,  after  which  it  does  not  again  attempt  to  rise,  n,  staam-valve; 
/,  water-valve ;  both  communicate  with  pipe  w,  leading  to  kier.  p,  pipe  communi- 
cating with  kier  for  suppling  steam  and  water— ako  serves  as  escape-pipe;/, 
escape-valve  for  letting  off  kier ;  e,  wheel  for  opening  ditto ;  m,  steam-pipe  m>m  boiler. 
0,  «,  foundation  for  kier. 

vDie  process  of  cleansing  is  very  various.  Some  use  lime  for  the  first  process ; 
some  use  soda  alone ;  some  use  them  mixed.  Of  course  when  carbonate  of  soda  and 
lime  are  used,  caustic  soda  is  at  once  formed,  and  the  carbonate  of  lime  is  left  idle. 
The  practices  and  fancies  of  bleachers  are  numerous ;  and  we  have  only  to  say  that 
the  principle  consists  in  the  use  of  alkaline  lyes.  Some  use  lime  to  uie  amount  of 
8  per  cent. ;  others  go  as  high  as  10.  The  lime  is  slaked  first  and  a  portion  thrown 
in ;  a  portion  of  cloUi  is  laid  upon  it,  and  a  ]portion  of  lime  again  covers  that :  but 
on  no  account  must  the  goods  be  allowed  to  be  in  contact  with  the  atmosphere  and 
the  lime. 

When  removed  from  the  kiers  the  goods  must  be  washed.  Now  if  they  are  to  be 
washed  in  dash-wheels,  it  is  needful  that  they  be  in  separate  pieces,  and  in  this  state 
they  are  sometimes  boiled  in  the  kiers ;  but  if  they  are  to  be  washed  in  the  washing- 
machines,  they  are  lifted  out  of  the  kier  in  the  same  manner  as  a  pece  of  string  is 
drawn  out  of  the  canister  in  which  the  coil  is  kept 

M.  Mete,  of  Heidelberg,  has  attempted  to  perform  the  work  of  boiling  by  merely 
extracting  the  air  from  the  doth.  For  this  purpose  the  cloth  is  simply  put  into  a 
strong  upright  cylinder,  the  top  screwed  down,  and  the  air  taken  out  by  an  air-pump. 
We  have  no  knowledge  as  to  the  advantages  gained  by  this  process,  or  whetner  it 
has  been  found  actually  capable  of  putting  doth  in  a  condition  to  be  bleached  for  a 
very  f&stidious  market. 

Migh'Pressure  Sieam-Kiers. — These  kiers  greatly  hasten  the  process  of  bleaching, 
and  at  the  same  time  improve  it.  FHff.  1 1 6  (p.  378)  is  an  elevation  showing  the  original 
arrangement  of  t^ese  (whidi  are  recommended  to  be  made  of  strong  boiler-plate  iron). 
One  of  these  is  shown  in  section,  a  and  b  are  the  kiers ;  c  is  a  perforated  platform, 
on  which  the  goods  to  be  bowked  are  laid ;  kkis  the  pipe  connecting  the  bottom  of  the 
kier  b  with  the  top  of  the  adjoining  kier  a;  and  I  It  the  corresponding  pipe 
connecting  the  opposite  ends  of  the  kiers  a  and  b;  mm  axe  draw-off  cocks,  connected 
'with  the  pipes  k  and  It  by  which  the  kiers  can  be  emptied  of  spent  liquor,  water,  &c  ; 
ft  and  0  are  ordinaiv  two-way  taps,  by  which  the  steam  is  admitted  into  the 
respective  kiers  from  the  main  pipe,  p,  and  the  reversing  of  which  shuts  off  the  steam 
•ommunicatioD,  and  admits  the  Dowking  liquor  as  it  becomes  expelled  from  tha 
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ac(Joiiiiiig  kier;  g  ia  a  blowing-off  valye  op  tap;  r,  the  pipe  through  which  the 
booking  liqaor  enters  into  the  kier ;  s,  XDanhole  (dosed  by  two  cross-bars,  secured  by 
bolts  and  nuts)  through  which  the  goods  are  introduced  and  remoyed ;  ttate  gauges 


by  which  it  is  aicertained  when  the  liquor  has  passed  fiK>m  one  kier  and  has  entered 
the  other. 
Theprooess  adopted  for  bleaching  is  as  foUows : 

1.  The  bar  or  water-trough  of  the  washing-machine  is  then  half  filled  with  milk 
of  lime  of  considerable  consistence,  and  the  goods  are  run  through  it>  being  carried 
forward  by  the  winches  and  deposited  in  the  kiers.  The  whole  of  the  cbth  in  a 
kier  is  in  one  length,  and  a  boy  enters  the  vessel  to  lay  it  in  regular  folds  until  the 
kier  is  filled.    All  the  cloth  b^ore  entering  the  kier  must  pass  through  the  lime. 

2.  When  the  kiers  are  filled,  a  grid  of  movable  bars  is  laid  on  the  top  of  the  doth, 
and  the  manhole  of  the  kiers  is  dosed.  High-pressure  steam  is  then  aclmitted  at  the 
top ;  this  presses  down  the  goods  and  remoTes  the  lime-water,  which  is  drawn  off  at 
the  bottom.  At  the  same  time  the  air  is  also  removed  from  the  goods  and  replaced 
by  steam.  When  this  is  driven  oS,  and  nothing  but  steam  issues  &om  the  tap  at  the 
bottom,  40  lbs.  of  lime,  which  have  been  previously  mixed  with  600  gallons  ot  water, 
are  introduced  into  the  first  kier  in  a  boiling  state.  High-pressure  steam  is  again  ad- 
mitted, which  forces  the  lime-liquor  through  the  goods  to  the  bottom  of  the  vessel,  then 
up  the  tube  /,  and  on  to  the  goods  in  the  second  kier.  The  tap  is  then  closed  which 
admits  steam  into  the  first  kier,  and  the  steam  is  now  sent  into  the  second.  The  same 
process  occurs,  only  in  this  case  the  liquid  is  sent  again  on  to  the  top  of  the  goods  in 
the  first  kier.    This  process  is  continued  about  eight  hours. 

Hiffh-presnire  and  Distributing  Kiers, — ^Mr  Barlow  has  efi&cted  an  important  im- 
provement in  his  original  high-pressure  kiers  by  the  addition  of  distributors. 

Fia,  117  (p.  874)  is  an  elevation  showing  a  pair  of  kiezs,  fitted  with  distributors,  &e. 
A  and  B  are  the  kiers  (which  it  is  preferable  to  make  of  strong  boiler-plate  iron),  the 
kier  a  being  shown  in  section,  and  exhibiting  the  distributors,  &c 

At  the  bottom  of  the  kier  is  a  plate  of  an  umbrella  shape,  e.    This  plate  spreads 


Digitized  by  VjOOQIC 


3?4 


BLEACHING 


oter  about  three-fourths  of  the  bottom  of  the  kier ;  it  is  perforated  with  holes  all 
around  its  oater  ridge,  at  d  dt  which  rests  upon  the  bottom  of  the  kier ;  all  the  rest 
of  the  plate  being  solid.  This  plate  is  fastened  in  the  centre  to  an  iron  block, «, 
which  stands  upon  the  bottom  of  the  kier  in  the  centre,  oyer  the  outlet  hole.  The 
block  e  is  pigeonholed  at  the  bottom,  so  as  to  allow  the  liquor  to  pass  from  the  kier. 
A  socket  is  left  in  the  upper  part  of  the  block  e,  to  admit  the  insertion  of  the  dis- 
tributor/. This  distributor  is  made  of  dimensions  corresponding  to  the  size  of  the 
kier ;  it  is  solid  for  some  distance  from  the  bottom,  and  abpve  that  is  hollow  and 
perforated  as  full  as  possible  with  holes  until  within  a  few  inches  of  the  top  of  the 
kier,  where  it  is  connected  with  the  tap  g  (an  ordinary  two-way  tap,  which  admits 
eiUier  steam  or  liquor,  or  shuts  off  both)  bj  an  inlet  pipe,  which  dips  for  some  dis- 
tance inside  the  distributor,  o  019  the  pipe  connecting  the  top  of  the  kier  ▲  with 
the  bottom  of  kier  b,  and  p  p  is  the  pipe  which  connects  the  top  of  kier  b  with 
the  bottom  of  kier  k;  q  q  bxq  steam-pipes  from  the  main  pipe  r;  m  ia  the  man- 
way,  through  which  ike  goods  are  introduced  and  removed;  n  the  pipe  and  tap, 
through  which  the  working  liquor  enters  the  kier ;  «  «  are  gauges,  by  which  it  is 
seen  when  the  liquor  has  passed  from  one  kier  and  has  entered  the  other ;  k  k  are 
draw-off  taps  connected  with  the  pipes  0  and|),  by  which  the  kiers  can  be  emptied 
of  spent  liquor,  water,  &;c 


117 
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Fig.  118  is  a  modification  of^.  117.  The  various  parts  of  the  kiers  correspond 
with  the  description  of  fig.  117  ;  the  principle  and  mode  of  working  are  precisely  tha 
same  the  only  difference  is,  that  kier  b  is  reduced  in  size  to  about  one-third  that  of 
kier  ▲ ;  it  is  not  charged  with  goods  and  is  only  intended  to  receive  the  liquor  when 
forced  through  the  goods  in  kier  a.  The  liquor  is  boiled  in  kier  b  by  a  modified  dis- 
tributor ;  and  this  is  repeated  until  the  goods  in  kier  ▲  are  sufficiently  worked. 

This  modification  is  only  recommended  where  small  quantities  are  done,  and  the 
kiers  required  would  be  too  small  for  working  in  conveniently. 

The  distributors  give  a  circulation  of  liquor  and  steam  from  the  centre  of  the 
kiers  to  the  goods  all  around,  while  by  the  action  of  the  umbrella-plate  the  liquor  is 
prevented  escaping  until  all  the  goods  are  thoroughly  saturated  witn  it  every  time  the 
Uquor  is  forced  through  them ;  they  also  greatly  accelerate  the  circulation  of  the 
liquor  through  the  goods,  and  there  is  no  necessity  for  anything  being  laid  upon  the 
goods  to  keep  them  in  their  place.  The  kiers  may  be  crammed  fuU  of  goods,  and 
either  high  or  low  pressure  steam  may  be  used  in  working  them. 

The  process  adopted  for  bleaching  is  as  follows :  it  is  the  shortest  and  simplest  in  nsew 

1.  After  singeing,  the  water-box  or  trough  of  the  washing-machine  Is  half  filled 
with  milk  of  lime  of  considerable  consistence,  and  the  goods  are  run  through  it, 
being  carried  forward  by  the  winders  and  deposited  in  Sie  kiers,  a  boy  being  in 
each  kier,  who  lays  the  goods  in  regular  folds  until  the  kier  is  filled. 

2.  When  the  luers  are  filled,  the  manholes  are  closed.  High-pressure  steam  is 
then  admitted  at  the  top ;  this  presses  down  the  goods  and  removes  the  lime-water, 
which  is  drawn  off  at  the  bottom ;  at  the  same  time  the  air  is  also  removed  from  the 
goods  and  replaced  by  steam.  When  this  is  driven  off  and  nothing  but  steam  issues 
from  the  tap  at  the  bottom,  40  lbs.  lime,  which  have  been  previously  mixed  with  600 
^llons  of  boiling  water,  are  introduced  into  the  first  kier  in  a  boiling  state.    High- 


Digitized  by  VjOOQIC 


BLEACHING  375 

I  steam  is  again  admitted,  which  fbrces  the  lime-liquor  through  the  goods  to  the 
L  of  the  yessel,  then  np  the  pipe  o,  and  on  to  the  goods  in  the  second  kier.  The 
tap  is  then  closed,  which  admits  steam  into  the  first  kier,  and  the  steam  is  now  sent 
into  the  second.  The  same  process  occurs,  only  in  this  case  the  liquid  is  sent  again  on 
to  the  top  of  the  goods  in  the  first  kier.  This  process  is  continued  about  five  hours. 
In  this  method  each  7,000  lbs.  of  cloth  take  into  the  Hers  2  cwts.  of  lime,  which  is 
equally  distributed,  llie  clear  lime-water  which  is  blown  out  of  the  steam  at  the 
commencement  contains  only  3  to  4  lbs.  of  lime  in  solution.  At  the  close  of  the 
operation  the  liquor  has  a  specific  gravity  of  3}  to  4^  Twaddle  (1017*5  to  1020), 
instead  of  half  that  amount,  or  1^  to  2^  Twaddle  (1007*5  to  1010),  as  is  usual. 

3.  When  the  liining  is  completed  the  steam-pressure  in  the  kiers  is  removed,  the 
manway  opened,  and  the  cloth  in  the  kier  attached  to  the  washing-machine,  which 
draws  the  goods  out  of  the  kiers  and  washes  them. 

4.  The  pieces  are  then  passed  by  the  winches  through  the  souring  machine,  or  soured 
by  having  muriatic  add  of  2^  Twaddle  (1010)  pumped  upon  them.  They  must 
remain  with  the  acid  two  to  three  hours,  either  steeped  in  it,  or  after  having  passed 
through  it 

5.  Again  attach  the  cloth  to  the  washing-machine,  and  wash  it  well,  passing  it  on 
by  winches,  as  before,  into  the  kier. 

6.  Introduce  steam  and  ^ve  off  the  air  and  the  cold  water;  these  are  let  out  by 
the  tap  at  the  bottom :  add  then  210  lbs.  of  soda-ash  and  70  lbs.  of  resin,  boiled  in 
600  gallons  of  water,  for  7*000  lbs.  of  cloth.  Work  the  kiers  by  driving  the  liquid 
from  one  to  the  other  as  before ;  about  five  hours  is  a  suf^ent  time.  These  pro- 
portions of  soda  may  be  varied.  If  the  cloth  is  very  strong  a  little  more  may  be 
used  (or  if  the  doth  has  been  printed  upon  in  the  grey  state,  from  having  been  used 
to  cover  the  blanket  of  the  calicp-printing  machine). 

7.  After  this  the  doth  is  pasaed  through  the  washing-machine,  and  then  submitted 
to  chloride  of  lime.  This  may  be  done  either  by  the  machine  or  by  pumping.  In 
dther  case  it  is  an  advantage  to  warm  the  bleaching-liquid  up  to  80^  or  90^  F.  The 
strength  of  the  solution  when  the  machine  is  used  maybe  about  ^^  Twaddle,  or  1002*5 
specific  gmvity ;  but  if  the  pump  is  used  it  must  be  much  weaker.  When  the  bleaching 
is  for  finishing  white,  milk  of  lime  is  added  to  the  chloride,  in  order  to  retard  the 
operation ;  the  goods  are  also  washed  from  the  bleaching-liquor  befbre  souring  them. 
Tiua  causes  a  smaller  escape  of  chlorine,  and  is  a  more  careful  method :  it  tends  to 
preserve  the  headings,  or  the  coloured  threads,  which  are  often  put  into  the  ends  of 
meces  of  doth  in  oinler  to  see  if  the  bleaching  has  been  performed  roughly  or  not. 
The  original  use  of  this  has  almost  been  forgotten,  but  these  headings  are  still  care- 
fully preserved.  This  method  preserves  also  the  cloth,  which  is  also  less  apt  to  be 
attacked  by  the  chlorine. 

If  the  cloth  has  been  well  managed,  it  will  be  almost  white  when  it  leaves  the 
second  kier  containing  the  resinate  of  soda ;  it  will  therefore  require  very  little  de- 
colourising. If  the  goods  have  been  printed  on,  more  chloride  will  be  needed.  The 
doth  should  lie  from  two  to  eight  hours  in  the  liquor,  or  after  saturation  with  it  The 
action  is  quickened  if  warmth  is  used.  They  are  soured  then,  as  before,  in  muriatic 
and  sulphuric  add,  at  2^  Twaddle,  for  three  or  four  hours ;  then  wash  for  drying. 

The  patentee  claims  for  these  kiers  considerable  advantages  over  the  old,  amongst 
others — ^that  they  are  not  more  costly— occupy  less  room,  and  whilst  the  goods  are 
more  thoroug^y  'bottomed'  or  deansed,  considerable  saving  is  effected  in  fuel, 
water,  labour,  d^emicals,  and  time.  '  As  regards  boiling  of  goods  in  bleaching,  there 
is,  as  compared  with  the  ordinary  kier,  a  saving  of  three-fourths  of  the  coal  by  using 
these  kiers.'    They  are  perfectly  safe  in  their  action  and  the  fibre  is  not  'tendered.' 

From  what  has  been  said,  it  will  be  seen  that  the  operations  of  the  bleacher  are  not 
so  numerous  as  at  first  sight  appears,  when  we  call  every  washing  a  separate  process ; 
and  although  it  really  is  so,  it  is  managed  so  rapidly  that  it  can  scarcely  be  said  to 
occupy  time,  and  as  it  is  carried  on  at  the  same  time  as  the  other  processes,  it  scarcely 
can  be  said  to  give  trouble.    The  work  may  be  divided  into — 

1.  Singeing.  2.  Bowking  with  lime.  3.  Washing,  souring,  and  washing.  4.  Bowking 
with  resinate  of  soda.  5.  Washing  and  chlorinating.  6.  Souring,  washing,  and  drying. 

Steeping, — ^Instead  of  boiling  in  the  kier  at  first  th®  goods  are  sometimes,  though 
now  rarely,  steeped  from  one  to  two  days  in  water,  from  100^  to  150*^  F.,  for  the  pur- 
pose of  loosening  the  gummy,  glutinous,  and  pasty  materials  attadied  to  the  doth. 
Fermentation  ensues,  and  this  process  is  dangerous,  as  the  action  of  the  ferment  some- 
times extends  to  the  goods,  especially  if  they  are  piled  up  in  a  great  heap  without 
being  previously  washed.  The  spots  of  grease  on  the  insoluble  soaps  become  thereby 
capable  of  resisting  the  caustic  alkalis,  and  are  rendered  in  some  measure  indelible ; 
an  effect  due,  it  is  believed,  to  the  acetic  and  carbonic  adds  generated  during  fer- 
mentation.   Some  persons  throw  spent  lyes  into  the  fermenting  vats  to  oounteraet  the 
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adds.  The  spots  of  grease  are  chiefly  to  be  found  in  hand-loom  goods,  and  the  diffi- 
culty concerning  the  fats  is  not  therefore  commonly  felt  where  power-loom  goods  are 
chiefly  used,  as  in  Lancashire. 

Washing, — If  the  cloth  is  to  be  washed  without  having  the  pieces  strung  together, 
the  following  methods  may  be  adopted.  The  stocks  are  still  used,  but  not  in  any  large 
establishments  in  Lancashire. 

Fiffs,  119,  120,  represent  a  pair  of  wash-stocks.  A  A  are  called  the  stocks  or 
feet    They  are  suspended  on  iron  pivots  at  b,  and  receive  their  motion  from  wipers 


on  the  revolving-shaft  a  The  doth  is  laid  in  at  d,  and,  by  the  alternate  strokes 
of  the  feet  and  the  curved  form  of  the  tumhead  b,  the  doth  is  washed  and 
gradually  turned.  At  the  same  time  an  abundant  stream  of  water  rushes  on  the 
doth  throughout  holes  in  th^  upper  part  of  the  tumhead.  Wash-stocks  are  much 
used  in  Scotland  and  in  Lreland.  Li  the  latter  country  they  are  often  made  with 
double  feet,  suspended  above  and  below  two  turnheads,  and  wrought  with  cranks 
instead  of  wipers.  Wash-stocks,  properly  constructed,  make  from  24  to  30  strokes 
per  minute. 

This  mode  of  washing  is  now  entirely  given  u^  in  Lancashire,  where  a  preference  is 
given  to  dash-wheels  and  washing-machines  with  squeezers.  The  dash  are  small 
water-wheels,  the  inside  of  which  is  divided  into  four  compartments,  and  dosed  up, 
leaving  only  a  hole  in  each  compartment  for  putting  in  the  doth.  There  are,  besides, 
small  openings  for  the  free  admission  and  egress  of  the  water  employed  in  cleansing. 
The  doth,  by  the  motion  of  the  wheel,  is  raised  up  in  one  part  of  tiie  revolution  of  the 
wheel ;  while,  by  its  own  weight,  it  falls  in  anotner.  This  kind  of  motion  is  very 
eflfeofcnal  in  washing  the  cloth,  while,  at  the  same  time,  it  does  not  injure  its  strength. 
The  plan,  however,  where  economy  of  water  is  of  any  importance,  is  very  objection- 
able ;  because  the  whed  must  move  at  by  far  too  great  a  yelodty  to  act  to  advantage 
as  a  water-whed, 

^^^  The  wash  or  dash-wheel, 

now  driven  by  steam-power 
in  all  good  bleach-  and 
print-works,  is  represented 
in  Jiff,  121,  upon  the  left 
side  in  a  back  view,  and 
upon  the  right  side  in  a 
front  view  (the  sketch  being 
halved).  Fiff,  122  is  a 
ground  plan, 
a  a  is  the  washing-whed ; 
•  5  6  its  shaft-ends ;  o  e  their 

brass  beatings  or  plummer- 
blocks,  supported  upon  the 
iron  pillars  <^<^.  The  frame 
is  made  of  strong  beams  of 
wood,  6  gf  bound  together 
by  cross-bars  with  mortices. 
//,  two  of  the  drcolar 
apertures,  wh.  leading  to  fk  ^uadrantal  compartment  within  the  daah-wheeL    In 
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the  back  view  (the  left-hand  half  of  the  figure)  the  brass  grating,  g  g^  of  a  car- 
yilinear  form  is  seen,  through  which  the  jets  of  water  are  admitted  into  the  cavity  of  the 
wheel ;  A  A  are  the  round 
orifices,  throogh  which 
the  fool  water  runs  ofi^ 
as  each  quadrant  passes 
the  lower  part  of  its  re- 
volution; f,  a  water-pipe, 
with  a  stopcock  for  regu- 
lating the  washing-jets; 
h  Ji,  the  lever  for  throwing 
the  dziving-crab  I,  or 
ooupling-baz,  into  or  out 
of  gear  with  the  shaft  of 
the  wheeL  This  machine 
is  so  constructed,  that  the 
water-oock  is  opened  or 
shut  by  the  same  lever- 1* 
age  wnich  throws  the 
wheel  into  or  out  of  gear, 
m,  a  wheel,  fixed  upon 
the  round  extremity  of 
the  shaft  of  the  dash-wheel  which  works  into  the  toothed  pinion  connected  with 
the  prime  mover.  When  the  end  of  the  lever  k,  whose  fork  embraces  the  coupling- 
box  upon  the  square  part  of  the  shaft,  is  pushed  forwards  or  backwards,  it  shifts  the 
clutch  into  or  out  of  gear  with  the  toothed  wheel  m.  In  the  latter  case,  this  wheel 
turns  with  its  pinion  without  affecting  Uie  dash-wheel,  n  n,  holdfiuts  fixed  upon  Uie 
wooden  fiame,  to  which  the  boaj^ds  0  o  are  attached,  for  preventing  the  water  ^m 
being  thrown  about  by  the  centriAigal  force. 

The  dash-wheel  is  generally  from  6  to  7  f^t  in  diameter,  about  80  inches  wide,  and 
requires  the  power  of  about  two  horses  to  drive  it. 

A  dash-wheel  has  one  piece  of  cloth  in  each  of  the  four  compartments ;  these  are 
washed  in  eight  minutes,  being  80  pieces  an  hour,  or  800  pieces  a  day ;  sometimes 
two  pieces  are  put  in^  when  double  the  time  is  given.  It  generally  requires  60 
gallons  of  water  per  minute  to  feed  it^  36,000  ^llons  a  day,  or  120  to  a  piece. 
Always  after  washing,  the  squeezers  are  applied,  as  they  remove  at  once  the  super- 
fiuous  water. 

The  machine  made  by  Mr.  Mather  (figs,  128  and  124)  washes  800  pieces  per  hour, 
or  8,000  pieces  per  day  of  ten  hours,  using  400  gallons  per  minute,  or  120,000  gallons 
per  day,  or  20  g^ons  to  a  piece.  This  class  of  machine  is  nowin  its  turn  superseding 
the  dash-wheeL 

This  washing-machine  will  be  understood  by  the  general  plan  (Jig,  124,  and  corre- 
sponding section,  >^.  128).  a  and  6  represent  the  squeezing-bowls.  a,  is  18  inches 
diameter  and  8  feet  8  inches  long;  it  is  made  of  deal  timber,  (The  lapping  of 
strong  canvas  at  a"  is  for  the  purpose  of  giving  the  'out-coming'  pieces  an  extra 
squeese,  in  order  to  prepare  them  for  the  kiers.)  6  is  24  inches  diameter  and  of  the 
same  length  as  a,  making  100  revolutions  per  minute ;  it  is  generally  made  of  deal, 
sycamore,  however,  being  better,  c,  d^  a  strong  wooden  rail,  in  which  pegs  are  placed 
in  order  to  guide  the  doth  in  its  spiral  form  £rom  the  edge  to  the  centre  of  the 
machine.  ^  ^  the  water-trough,  through  which  the  piece  passes  round  the  roller  b. 
p  (fig.  123)i  water-pipe.  ^  water-tap.  »*,  m,  pot-eyes,  which  may  be  adjusted  to 
any  angle,  to  guide  and  regulate  the  tension  of  the  piece  on  entering  the  machine. 
I,  side  frame,  for  carrying  bowls,  &c.  g^  engine  (with  cylinder,  8  inches  diameter) 
and  gearing  for  driving  machine.  10,  weight  and  lever  for  regulating  pressure  on  the 
bowL 

This  machine  washes  800  pieces  per  hour,  and  requires  400  gallons  of  water  per 
minute.  It  will  serve  also  to  represent  the  chemick  and  souring  machine,  the  only 
difference  being  that  the  bowls  are  8  feet  6  inches,  instead  dr  8  feet  8  inches,  in 
length. 

^Die  ehemieX:  and  sour  are  brou^t  by  turns  into  the  trough,  or  into  similar  separate 
troughs,  by  a  leaden  pipe  from  tl^  mixing  dstems,  and  are  run  in  to  6  or  8  inches 
deep. 

The  washing-machine  of  Mr.  Bridson  (fig,  125,  p.  879^  is  worth  attention.  In  its 
action  the  course  of  the  doth  in  the  water  is  easily  seen ;  it  is  chiefly  horizontaL  This 
motion  had  been  given  by  Hellewell  and  Feam  m  1866  ;  but  thev  had  a  very  com- 
plicated machine,  and  they  did  not  attain  the  flapping  motion  which  is  given  to  the 
doth  when  it  beoomos  suddenly  loose,  and  is  driven  violently  against  the  board  a  a 
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as  often  as  5  0  and  e  d  are  in  one  line.  It  is  not  shown  by  the  dwvihg  th«t  ths  eloth 
passes  eight  times  round  these  wheehi.  There  is  a  jconstant  stream  of  water  from 
the  pipe/,  which  is  flattened  at  the  month  about  one  and  a  half  inch  in  one  diameter. 


and  about  10  inches  in  the  other.  This  machine  can  wash  900  pieces  in  an  hour.  It 
requires  about  twice  as  much  water  as  a  dash-wheel,  but  washes  seren  and  a  half 
times  more  pieces.    Its  length  is  9  feet. 

iSbttTM^. —-After  boiling  in  the  first  kier  and  washing,  the  goods  are  soured  in 
muriatic  acid  of  1010*  specific  grayity,  or  6^  gallons  of  the  usual  acid,  which  contains 
33  per  cent,  of  real  acid,  mixed  with  100  gallons  of  water.  This  is  equal  to  2^ 
Twaddle.  Muriatic  acid  may  be  replaced  by  sidphuric  acid  of  1024*  specific  gravity, 
t.e.  Zh  gallons  liquid  add  to  100  of  water ;— or  the  amount  of  the  acid  may  be  doubled 
in  eimer  case,  and  a  shorter  time  allowed  for  the  souring.  The  souring  is  performed 
in  wooden  or  stone  cisterns,  where  the  doth  is  laid  regularly  as  it  falls  over  one  of  the 
rollers  of  the  calender ; — or  it  is  passed  through  the  add  solution  by  the  movement 
of  the  calender  in  the  same  manner  as  described  in  the  process  of  washing.  If  this 
method  is  used,  it  is  allowed  to  lie  on  the  stallages  from  two  to  three  hours  to  allow 
the  add  to  act.  The  add  decomposes  any  lime-soap  formed,  and  washes  out  the  lime. 
Hydrochloric  or  muriatic  add  has  been  preferred  in  the  process  described,  as  the 
chloride  of  caldum  is  so  much  more  soluble  than  the  sulphate.  After  souring,  of 
course  the  goods  must  be  thoroughly  washed  as  before. 

The  sixth  operation  with  soda  removes  the  remaining  fatty  materials.  If  lime  be 
used,  it  may  be  allowed  to  settle ;  and  it  is  better  to  allow  it  to  do  so,  and  thus  to 
use  pure  caustic  soda,  which  will  with  the  resin  remove  the  impurities  in  a  more 
soluble  form.  If,  instead  of  adding  170  lbs.  of  soda  crystals  to  600  gallons  of  water, 
4*6  lbs.  of  liquid  caustic  soda  of  spedfic  gravity  1320*  were  added,  the  e£fect  would  be 
the  same. 

The  solution  of  resin  and  carbonate  of  soda  is  a  half-formed  soap,  which  is  con- 
sidered to  act  benefidally  in  removing  the  soluble  matter.  It  would  not  appear,  from 
theory,  to  be  capable  of  doing  so  well  as  the  soda  which  has  its  carbonic  ada  removed ; 
but  tender  goods  will  not  allow  the  action  of  caustic  soda,  and  the  carbonate  is  there- 
fore safer. 

Powder-bkaching, — Chloride  of  lime  is  added  in  stone  vessels  where  the  goods  are 
allowed  to  lie.  It  is  universally  called  ehemick  in  the  manufactories.  The  strength 
used  at  Brickacre  is  half  a  degree  Twaddle,  or  1002*5.  This  is  sometimes  very  much 
increased,  so  as  to  be  even  5°  in  some  establishments,  according  to  the  goods 
bleached  ;  but  it  is  not  safe  to  allow  the  cloth  to  lie  long  in  such  strong  solutions.  In 
such  cases  it  is  needful  to  pass  them  rapidly  through  with  the  calender,  so  as  to  soak 
them  thoroughly,  and  then  to  pass  them  on  to  the  acid,  and  forward  to  be  washed. 
It  may  be  remarked  that  the  use  of  the  calender  for  these  operations  renders  it  pos- 
sible to  use  strong  solutions,  even  for  tender  goods,  as  there  is  no  time  given  for 
injurious  action  on  the  fibre. 

Great  care  is  to  be  taken  to  make  the  solution  of  the  chloride  of  lime  perfectly 
dear.    The  powder  does  not  readily  wet  with  water,  and  it  must  therefore  bo  pressed 
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or  agitated.  This  may  be  done  by  putting  it  in  a  revolying  banel  with  water,  until 
oomplete  satnration  of  the  powder  with  moisture ;  the  amount  required  is  then  thrown 
into  tiie  cistern,  and  t^e  insoluble  matter  allowed  to  sink.  This  insoluble  matter  must 
not  be  allowed  to  come  into  contact  with  the  cloth,  cks  it  will  be  equal  of  course  to  a  con- 
centiated  solution  of  the  liquor,  and  will  produce  rottenness,  or  bum  the  cloth,  so  as  to 
leave  holes.  When  removing  from  the  trough,  the  doth  is  drawn  through  squeezing 
rollers,  which  press  out  any  excess  of  chloride  of  lime. 

Squeezing, — ^The  squeezing  rollers  or  squeezers,  for  discharging  the  greater  part  of 
the  water  or  any  liquid  from  the  yams  and  goods  in  the  piocess  of  bleaching,  are  re- 
presented in  fys,  126, 127>  the  former  being  a  side  view,  to  show  how  &e  roller 

126  127 


ffudgeons  lie  in  the  slots  of  the  frame,  and  how  the  shaft  of  the  up^  roller  is  pressed 
downward  by  a  weighted  lever,  through  a  vertical  junction  rod,  joined  at  the  bottom 
to  a  nearly  horizontal  bar,  on  whose  end  the  proper  weight  ia  hung.  In  Jig,  128, 
these  rollers,  of  biroh-woodi  are  shown  in  face ;  the  under  one  receiving  motion  through 


Digitized  by  VjOOQIC 


BLEACHING  881 

the  toothed  wheel  on  its  shaft  from  any  suitable  power  of  water  or  steam.  Upon  the 
shaft  of  the  latter,  between  the  toothed  wheel  and  the  roller,  the  lever  and  piUlej  for 
putting  the  machine  into  and  out  of  gear  is  visible.  The  under  roller  makes  about  25 
'  revolutions  in  the  minute,  by  which  time  three  pieces  of  goods,  stitched  endwise,  mea- 
suring 28  yards  each,  may  be  run  through  the  machine,  from  a  water-trough  on  one 
side  to  a  wooden  grating  upon  the  other. 

A  squeezing  machine,  with  a  small  engine  attached,  is  shown  in  ^.  128,  for  the 
drawing  of  which  we  are  again  indebted  to  the  makers,  Messrs.  Mather  and  Flatt 

d,  /,  represent  the  squeezing-bowls.  They  are  as  lai^e  in  diameter  as  possible,  and 
are  generally  made  of  sycamore ;  but  the  bottom  one  is  better  made  of  highly  com- 
pesBed  cotton,  a,  6,  are  the  engine  and  frame  for  driving;  y,  frame  for  carrying 
Dowls ;  It  I,  compound  levers  for  regulating  the  pressure ;  «  is  a  screw  for  the  same 
purpose,  and  e  is  the  cloth  passing  t^hrough  the  bowls. 

The  white-squeezers,  or  those  used  before  drying,  should  have  a  box,  supplied  with 
hot  water,  fixed  so  that  the  piece  may  pass  through  it  before  going  to  the  nip  of  the 
bowl. 

When  the  goods  are  run  through,  they  are  carried  off  upon  a  grated  wheelbarrow 
in  a  nearly  d^  state,  and  transferred  to  the  spreading  machine,  called  at  Manchester 
a  candroy.  In  many  bleach-works,  however,  the  creased  pieces  are  pulled  straight  by 
the  hands  of  women,  and  are  then  strongly  beat  against  a  wooden  stock  to  smooth  out 
the  edges.  This  being  done,  a  number  of  pieces  are  stitched  endwise  together,  prepa- 
ratory to  being  mangled. 

This  squeezing  machine  is  small,  but,  as  will  be  seen,  the  rollers  are  introduced  so 
as  to  act  as  long  and  as  rapidly  as  cloth  of  whatever  length  is  drawn  through  them. 

The  following  figure  (129)  represents  a  pair  of  squeezers,  for  squeezing  the  cloth 
after  several  of  the  processes  named,  and  are  shown  as  being  driven  by  a  small 


high-pressure  engine,    a  is  the  fly-wheel  of  engine ;  6,  crank  of  ditto ;  c,  frame  of 
engine;   (2,  spur-wheels  connecting  the  engine  and  squeezers;   e  and  f^  sycamore 
squeezing  bowls. 
The  cloth  when  passed  over  the  steamed  rollers  is  not  dry;  but  it  is  not  smooth 
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and  ready  for  the  market  If  the  cloth  is  wanted  for  printing,  no  further  operation  in 
needed ;  but  if  to  be  sold  as  white  calico,  it  is  finished  by  being  starched  and 
calendered. 

The  starch  at  large  works  is  prepared  by  the  bleachers  themselyes.  At  Messrs. 
Bridson's  it  is  made  with  the  very  greatest  care  from  flonr.  Of  course  it  would  be 
more  expensiye  for  them  to  buy  it,  as  the  manufacturer  would  dry  it,  and  they  would 
require  to  dissolye  it  They  are  able  also,  in  this  manner,  to  obtain  the  purest  starch. 
This  is  mixed  with  blue,  according  to  the  finish  of  the  goods.  A  roller,  which  dips 
into  the  stareh,  lays  it  regularly  and  evenly  on  the  cloth  in  the  same  manner  as 
mordants  are  communicated  in  calico-printing,  whilst  other  rollers  expel  the  excess  of 
the  starch.  The  cloth  is  then  dried  over  warm  cylinders,  or  by  passing  into  a  heated 
apartment  It  receives  the  final  finish  generally  by  the  calender ;  but  muslins  receive 
a  peculiar  treatment 

Calender, — Fig,  131  is  a  crofls-section  of  this  machine,  Andfigs,  180,  132,  are  front 
views  broken  o£    The  goods  are  first  rolled  upon  the  wooden  cylinder  a,  near  the 

130  131  132 


ground ;  by  the  tension-roller,  b,  upon  the  same  cylinder,  the  goods  receive  a  proper 
degree  of  stretching  in  the  winding-off  They  then  pass  over  the  spreading-bars, 
occ,hy  which  they  are  still  more  distended ;  next  round  the  hollow  iron  cylinder,  d, 
16  inches  diameter,  and  the  paper  cylinder,  «,  of  like  dimensions ;  thence  they  proceed 
under  the  second  massive  iron  cylinder,  /,  of  8  inches  diameter,  to  be  finally  wound 
about  the  projecting  wooden  roller,  g,  Tliis  is  set  in  motion  by  the  pulleys  h  {Jig,  182), 
and  i{fig.  181),  and  receives  its  proper  tension  from  the  hanging  roller  ^;  ^  is  a 
pressing  cylinder  of  14  inches'  diameter,  made  of  plane-tree  wood.  By  its  means  we 
can  at  all  times  secure  an  equal  degree  of  pressure,  which  would  be  hardly  possible 
did  the  weighted  lever  press  immediately  upon  two  points  of  tl^e  calender-rollers. 
The  compression  exercised  by  the  (flinders  may  be  increased  at  pleasure  by  the  bent 
lever,  m,  weights  being  applied  to  it  at  n.  The  upper  branch  of  the  lever,  o,  is  made 
fast,  by  screws  and  bolts  at  p,  to  the  upper  press-<^linder.  The  junction-leg,  q,  is 
attached  to  the  intermediate  piece,  r,  by  left-  and  nght-handed  screws,  so  that  ac- 
cording as  that  piece  is  turned  round  to  the  right  or  the  left,  the  pressure  of  the 
weighted  roller  will  be  either  increased  or  diminished.  By  turning  it  still  more,  the 
piece  wiU  get  detached,  the  whole  j)re8sure  will  be  removed,  and  the  press-roller  may 
be  taken  o^  which  is  the  main  object  of  this  mechanism. 

The  unequable  movement  of  the  cylinders  is  produced  by  the  wheels  8,  t,  «,of  which 
the  undermost  has  69,  the  uppermost  20,  and  the  carrier-wheel,  ^  either  88,  82, 
or  20  teeth,  according  to  the  difference  of  speed  required.  The  carrier-wheel  is  bolted 
on  atv,  and  adjusted  in  its  proper  place  by  means  of  a  slot  To  the  undermost  iron 
cvlinder,  the  first  motion  is  communicated  by  any  power,  for  which  purpose  either  a 
rjggor  (driving  pulley)  is  applied  to  ita  shaft  at  ti,  or  a  crank  motion.  If  it  be  desired 
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to  operate  with  a  heated  calender,  the  undermoflt  hollow  cylinder  may  be  filled  with 
hot  steam,  admitted  through  a  stuffing-box  at  one  end,  and  discharged  through  a 
stuffing-box  at  the  other,  or  by  a  red-hot  iron  roller. 

Before  passing  through  the  press  they  are  slightly  damped;  this  is  done  by  a  roller 
of  brushes,  whidi  dips  into  the  water,  and  throws  it  regularly  on  the  cloth.  They  are 
then  subjected  to  Uie  powerful  pressure  of  the  calender  rollers.  The  calendered 
pieces,  by  the  powerful  pressure  of  the  rollers,  are  smooth  and  somewhat  shining. 
There  can  be  no  doubt  that  cloth  in  this  state  looks  to  the  best  advantage.  The  pieces 
must,  howeyer,  be  put  into  a  compact  form.  This  is  done  by  folding  3iem  into  par- 
cels, which  are  pressed  by  hydraulic  power  into  firm  and  solid  masses.  £ach  parcel 
has  the  mark  of  the  manufacturer,  or  any  device  that  he  may  choose  to  have,  stamped 
upon  it,  or  bound  round  it 

Finishing, — ^Pure  starch  is  not  always  used  for  the  purpose  of  finishing.  Fine  clay, 
gypsum,  or  Spanish  white  is  mixed  wiUi  the  cloth ;  and  if  weight  is  desir^  to  be  given, 
sulphate  of  baryta  is  employed.  Silicate  of  soda  was  patented  for  this  purpose,  but 
its  iise  has  not  been  attended  with  success.  Freedom  from  colour  is  of  course  a  re- 
quisite property  in  whatever  be  added,  or  the  excellency  of  the  bleach  is  impaired. 
There  can,  however,  be  no  doubt,  that  too  much  attention  is  given  to  this  finish  for 
home  goods,  or  for  all  purposes  which  require  the  goods  to  be  washed :  they  assume 
a  solidity  of  appearance  which  they  do  not  possess  when  the  finishing  material  is 
removed  from  the  pores,  and  the  cloth  appears  without  disguise.  In  some  instences, 
however,  this  finish  is  a  peculiarity  of  the  goods,  and  is  almost  as  important  as  the 
doth  itself.  For  example :  in  the  case  of  muslins,  when  they  are  dned  at  perfect 
rest,  they  have  a  rigid  inelastic  feeling,  somewhat  allied  to  that  of  thin  laths  of  wood, 
and  feel  very  rough  to  the  touch.  They  are  therefore  dried  by  stretching  the  cloth, 
and  moving  the  lines  of  selvage  backward  and  forward,  so  as  to  cause  the  threads  of 
weft  to  rub  against  each  other  and  so  as  to  prevent  them  becoming  united  as  one 
piece.  Goods  dried  in  this  manner  have  a  peculiar  spring,  and  sw^  thick  muslins 
are  for  a  time  possessed  of  great  elasticity.  Several  pieces  folded  up  in  a  parcel 
spring  up  from  pressure  like  caoutchouc. 

Mr.  ^dgeway  Bridson  invented  an  apparatus  for  giving  this  peculiar  finish  to 
muslins.  Formerlv  it  was  done  entirely  by  the  hand,  and  in  Scotland  only.  Since 
the  invention  of  this  machine,  tliis  trade  has  become  a  very  important  one  in  the 
Hanchester  district 

Sometimes  goods  are  finished  by  the  beetle,  which  acte  by  repeated  hammering. 
This  peculiar  action  has  been  transferred  to  a  roller  by  T.  K.  Sridson,  and  called 
the  '  Bototory  Beetle.'  It  consiste  of  a  cylinder  having  alternately  raised  and  de- 
pressed surfaces,  and  two  other  cylinders  which  press  upon  it,  and  alternately  press 
the  cloth  and  give  a  freedom  as  it  passes  between  the  rollers.  This  is  similar  to  the 
rise  and  fall  of  the  hammers  or  nudleto  in  the  beetling  process. 

Sometimes  a  stiff  finish  is  wanted ;  then  muslins  are  dried  in  the  usual  way. 

Drying. — Figs,  188  and  184  represent  a  drying  machine,  with  eleven  <nrlinder8, 
each  22  inches  in  diameter,  capable  of  drying  1,000  pieces  of  bleached  calico  m  a  day. 
a,  represente  cylinders  heated  with  steam ;  v,  vacuum-valves  in  ditto ;  /,  frame  for 
carrying  cylinders ;  0,  folding  apparatus ;  «,  steam-pipe ;  ^,  gearing. 


When  goods  are  dried  having  a  raised  pattern,  such  as  brocades,  or  any  other, 
such  as  striped  white  shirting,  only  one  side  of  the  cloth  is  to  be  exposed ;  the  pattern 
xises  up  from  the  heated  surface  on  which  the  cloth  is  dried.    For  this  reason,  cylixi'* 
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dera  snch  as  those  jost  described  cannot  be  used.  Large  wheels  of  cast-iron  are 
employed,  consisting  of  two  concentric  cylinders,  between  which  is  a  closed  space 
heated  bj  steam.  The  cloth  is  by  this  means  heated  on  one  side  only,  not  passing 
from  cylinder  to  cylinder,  in  which  case  the  side  next  to  the  heating  sadace  would  be 
chang^  eyery  time.    The  larger  the  cylinder  or  wheel,  the  more  rapid  is  the  drying, 
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as  there  is  more  surfiEUse  of  doth  exposed  to  it  at  a  tame ;  it  can,  for  the  same  reason, 
be  tnmed  more  rapidly  round.  Well-finished  goods  will  not  rise  when  heated,  except 
on  the  pattern.  Messrs.  Bridson  haye  a  large  business  in  jacconets  for  artificial 
fiowers  on  account  of  this  peculiar  finish.  They  are  formed  cf  a  plain  cotton  doth, 
but  stand  the  pressure  of  hot  irons  without  curling. 

No  essential  difference  is  made  in  bleaching  muslins,  except  that  sometimes  weaker 
sdutions  ate  employed  for  yery  tender  goods.  Mr.  Barlow  makes  no  difference  as  a 
rule  in  the  strength  giyen  in  describing  his  process ;  with  yery  strong  goods,  he  some- 
times uses  the  liquids  stronger. 

It  is  desired  occasionally  to  bleach  goods  which  haye  coloured  threads  woyen  into 
them,  or  colours  printed  on  them.  In  these  cases  great  caution  must  be  used.  It 
is  needful  to  use  weak  solutions,  but  more  especially  not  to  allow  any  one  process  to 
be  continued  yery  long,  but  rather  to  repeat  it  often  than  to  lengthen  it.  This  may 
be  stated  aS  a  general  rule  in  the  bleaching  of  goods.  It  would  indeed  be  possible  to 
do  the  whole  bleaching  in  one  operation,  but  t£e  doth  would  be  rotten.  This  arises 
from  the  fact  that,  at  a  certain  strength,  bleaching-liquor  or  soda  is  able  to  destroy 
the  fibre ;  but  another  and  less  strength  does  not  act  on  the  fibre,  but  only  on  such 
substances  as  colouring-matters.  Tlus  care  is  needed  when  printed  goods  which  haye 
a  white  ground  are  treated.  The  white  ground  takes  up  colour  enough  to  destroy  its 
brilliancy,  and  soaping  does  not  always  remoye  it.  The  bleaching  then  is  effected  by 
using  bleaching-liquor  atj^  Twaddle.  Some  persons  put  a  Turkey-red  thread  into 
the  ends  of  the  pieces.  Tne  original  use  of  this  seems  to  be  scarcely  known  among 
the  manufacturers.  It  was  used  as  a  test  of  the  mode  of  bleaching  employed.  K 
strong  solutions  be  used,  which  are  apt  to  spoil  the  cloth,  the  colour  of  the  dyed 
tlireads  will  be  discharged.  When  the  separate  system  is  employed,  this  is  eyaded 
easily ;  it  is  the  practice  to  keep  the  ends  containing  the  red  threads  out  of  the  liquid, 
allowing  them  to  rest  on  the  side  of  the  yesseL 

Sometimes  chlorate  of  potash  is  used  for  the  same  purpose,  souring  as  with  the 
bleaching-powder.  The  colours  may,  in  this  manner,  be  made  much  more  brilliant 
than  before,  although  a  little  excess  will  discharge  them.  A  good  deal  of  the  effect 
may  be  owing  to  the  better  white  giyen  to  the  ground.  Besides  these  processes  for 
bleaching,  another  was  at  one  time  introduced,  which  consisted  of  immersing  the  doth 
in  a  solution  of  caustic  alkali,  and  afterwards  steaming  in  a  dose  yessel.  It  is  not 
now  in  use.    Alkali  of  1020*  spedfic  grayity  was  used. 

The  new  or  continuous  Process.  —  This  method  owes  its  introduction  to  Dayid 
Bentley,  of  Pendleton,  who  patented  it  in  1828.  It  consists  in  drawing  the  goods  in 
one  continuous  line  through  eyery  solution  with  which  it  is  desired  to  saturate  them. 
This  is  done  by  connecting  the  ends  of  all  the  ^eces.  The  motion  of  rollers  draws 
the  chain  of  doth  thus  formed  in  any  desired  direction,  and  through  any  number  of 
solutions  any  giyen  number  of  times.    Wo  shall  allow  him  to  use  his  own  words. 
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Fig.  185  is  an  end  view  of  two  guch  calendeis,  each  haying  two  laigcr  rollerSt  b 
and  B  1,  a  smallfir  driTing-roUer  C|  two  zacks  d  and  d  1,  placed  upon  two  cisterbs  q 


186 


and  o  1,  inside  of  wMch  cisterns  are  two  rollers  b  and  b  i,  which  rollers  have  fbnr 

square  ribs  upon  each,  to  shake  the  goods  as  thej  pass  through  the  cisterns.    At  f 

is  a  frame,  upon  which  the  batches  of  eoods  are  placed 

upon  rollers  shown  in  ^.  186,  where  uiey  are  marked 

K,  X,  K,  K.    The  calendier-cheeks  are  made  £9ist  at  the 

feet,  at  the  middle,  and  to  the  top  of  the  building, 

hayiiu;  levers. and  weights  b  to  give  pressure  to  the 

calender-bowls« 

Near  Ihe  end-walls  of  the  building  are  two  rollers, 
one  of  which  is  shown  at  ▲ ;  upon  each  of  these  is  a 
soft  cord  used  as  a  g^de  for  conducting  the  goods 
through  the  machinery  and  cisterns.  The  operation 
is  commenced  by  passing  one  end  of  the  cord  through 
the  rollers  b  and  c»  down  to  cistern  o,  under  roller  b, 
through  the  furthermost  division  of  rack  d,  and  again 
throu^  calender-roll^  ats  and  c,  repeating  the  same, 
but  observing  to  keep,  the  cord  tlght^  and  to  ap-. 
proach  one  division  nearer  in  rack  d  each  revolution 
until  each'  division  is  occupied,  when  the  end  must  pass 
over  c,  under  and  round  b1,  down  to  and  over  the 
guide*roller  i  8,  through  the  nearest  division  of  rack 
D  1  into  cistern  o  I,  under  roller  b  1,  over  guide-roller 
1 2,  and  again  over  roller  c,  under  and  roimd  b  1.  This  course,  must  be  repeated,  ob- 
serving as  before  to  keep  the  cord  tight,  and  to  receive  one  division  of  rack  d  1  every 
revolution,  until  each  division  of  rack  d  1  is  occupied,  when  the  end  must  pass  over 
from  b  1  under  i  4.  The  cord  now  forms  a  sort  of  spiral  worm  round  and  through 
the  machineiy  and  cisterns,  beginning  at  b,  c,  and  ending  at  the  top  of  b  1  to  i  4,  the 
number  of  revolutions  being  governed  by  the  number  of  divisions  in  the  racks  d  and 
D  1,  so  that  if  ther^  were  fifteen  divisions  in  each  rack  there  would  be  fifteen 
revolutions  under  c,  round  b  through  o,  under  b  through  d,  and  fifteen  revolutions 
over  c  round  b  l,over  i  8  through  d  1  and  o  1,  under  b  1  over  i  2,  and  again  over 
C  passing  from  the  top  of  b  1  to  i  4 ;  and  by  this  means,  if  one  end  of  the  back  of 
goods  marked  x,  and  placed  upon  the  frame  f  {fig,  186),  is  £utened  to  the  end  of  the 
guide-cord,  the  goods  will,  when  the  calender  is  put  in  motion,  be  conducted  and 
washed  thirty  times  through  the  water  in  the  cisterns,  and  squeezed  thirty  times 
through  the  calenders.  As  the  operation  proceeds  and  the  guide-cord  passes  throu^ 
the  (lender,  it  is  wound  by  hand  upon  roller  ▲  to  prevent  it  from  becoming  en- 
tangled, and  to  keep  it  in  readiness  for  the  next  operation.  As  soon  as  the  first  end  of 
the  goods  has  passed  through  fig,  136,  and  arrives  at  the  guide^roUer  i  4^  it  is  detached 
from  the  end  of  the  guide-cord  and  attached  to  the  guide-cord  at  the  other  end,  or 
with  the  opposite  set  of  calenders.  After  this,  by  putting  these  Jin  motion,  the 
ffoods  are  washed  and  squeesed  through  its  cisterns,  which  xnstems  are  supplied  with 
hot  aiid  .strong  lime-lye,  and  the  goods  passing  over  guide-roller  i  9,  they  axe 
conveyed  over  other  gaide-rollers  to  be  placed  for  the  purpose,  and  taken  down 
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by  some  person  or  some  proper  machineiy  into  one  of  the  boiling  ressels,  where, 
steam  or  fife  heat  being  added,  they  are  snflfered  to  remain  while  the  lime-boiling 
takes  effect. 

We  need  not  follow  the  inrentor  into  all  the  particulars.  When  the  ^oods  were 
sufficiently  acted  on  by  one  solution,  another  solution  was  used,  so  that  this  mode  of 
calendering  not  only  was  a  method  of  moving  the  goods  from  place  to  place  by  means 
of  rollers,  but  it  was  a  method  also  of  saturating  goods  thoroughly  with  a  solution 
and  of  washing  thorn. 

It  was  by  a  similar  method  that  Mr.  Bentley  bleached  skeins  of  yam,  of  linen,  or 
of  cotton.  The  skeins  are  looped  together  by  tying  any  soft  material  round  the 
middle  of  the  first  skein,  which  will  leaye  the  loops  fh>m  one  end  of  the  next  skein 
to  pass  half  way  through,  and  which  will  always  leaye  other  two  loops,  and  by  re- 
peating which  any  quantity  of  skeins  may  be  looped  together,  tying  the  last  loop 
with  another  soft  material. 

The  mode  of  saturatinff  the  goods  with  sdutaons  is  efifocted  by  the  anangement 
shown  in  Jiff,  137.  Bapid  motion  and  firequent  pressure  are  introduced  instead  of  a 
still  soaking  process. 
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▲  is  a  roller  for  the  guide-coids ;  b,  b,  b  are  eleven  washing-rollers ;  c,  c,  c  are 
speed-rollers ;  ■,  ■,  b  are  twelve  rollera  immersed  in  twelve  divisions  of  the  qb' 
tern  o.  The  eleven  staole-formed  irons  whidi  pass  through  the  fnm»  rails  on  each 
side  of  the  centres  of  the  eleven  rollers  b,  b,  b,  and  the  eleven  rollers  c,  c,  q  serve 
to  stay  these  loliers  in  their  places,  at  the  same  time  allowing  the  eleven  washing- 
rollers  B,  B»  B,  to  rise  and  fall  according  to  the  pressure  by  whi<£  they  are  held  down 
bv  the  eleven  weights  attached  to  these  irons  at  h,  and  anon  the  bottom  rail  may  be 
placed  such  staves,  brushes,  ur  rollers,  as  may  be  found  necessary  for  holding  and 
brushing  the  goods  in  the  best  manner  to  keep  them  straight  during  the  different 
washings  in  water  and  bleaching-liquors.  The  goods  are  prepared  by  steeping,  as 
before  described,  and  placed  in  batches  at  f,  and  pasring  imder  the  immersing 
rollers  b  and  the  twelve  divisions  of  cistern  o,  between  the  eleven  speed-rollers  c 
and  the  eleven  washing-ioUers  b,  as  seen  at  k,  are  taken  down  straight  and  open 
into  one  of  the  vess^  and  are  then  boiled  by  steam,  which  is  succeeded  by  repeated 
washings  alternately  in  water  and  bleaching-liquors,  until  they  are  sufficiently 
bleachoi,  as  before  described. 

The  elevation  and  ground-plan  of  a  bleach-house  and  machinery  capable  of 
bleaching  800  pieces  of  4  lbs.  aoth  per  day  (for  best  madder  work),  with  the  labour 
of  one  man  and  three  boys,  working  fh>m  6  until  4  o'clock,  exclusive  of  singeing 
and  dryinff,  are  represented  in  Jigs,  138  and  139  (p.  887).  The  letter  d  represents 
two  lengths  of  doth  of  400  pieces  each  (end  of  pieces  being  stitched  together  by 
•patent  sewing-machine  made  by  Mather  and  Piatt),  making  together  800  pieces, 
passing  through  washing-machine  ff,  and  £rom  thenco  deliverod  over  winch  id,  into 
kier  C;--this  operation  oteupies  one  hour,— where  they  are  boiled  for  twelve 
boun  in  lime.  They  are  then  withdrawn  by  the  same  washing-machine  fff  washed, 
•iBiKt  passed  into  seeond  kier  b  (operation  occupying  one  hour)«  mere  they  are  boiled 
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for  twelve  hours  in  ashes  and  resin;  again  withdrawn  by  the  same  machine  a, 
washed,  squeezed  (see  plan  at  u),  and  passed  over  winch  e,  and  piled  at  h  (this 
operation  occupies  one  hour).  Iliey  are  then  taken  fix>m  pile  k,  and  threaded 
through  sour-machine  e,  soutisd,  passed  over  winch  if',  and  piled  at  k  (operation, 
one  hour),  where  it  remains  in  the  pile  for  three  hours.  It  is  then  squeezed  at  it, 
and  washed  thjcongh  machine  ff  (ain  hour's  operation),  deliyered  into  third  kier  a, 
boiled  for  six  hours,  washed  at  y,  aqueezed  at  u  (an  honr'a  operation),  and  passed 
tYaovgh.chemiek'machine  (an  hour's  operation),  and  ^ed  for  one  hour;  after  which 
it  fs  soured  ftgaio.  ifiJi  iiour's  i>pfixationJ,.aqnefizedt  ana  Iwashed  at  ^  (an  hour's  opera- 
tion), squeezed  again  at  /  (an  hour's  operation),  and  dried  by  machine  at  p  {fig^ 
138). 

There  are  several  advantages  in  using  the  scjueezing  process  so  often  in  the  ahov6 
amoigement :— ^rstly,  th&lMwels  of  tl^  wadung-machine  are  not  so  much  damagied 
by  tihe  heavy  pi^stu^  which  is  required  to  be  applied,  if  no  squeezers  are  used,  in 
ord^r  to  prej^m  the  pieces  for  the  sour  and  chemick  machines.  Secondly,  a  drier 
state  of  the  clotfi  than  can  possibly  Ip  podnced  by  the  washing-machine  o/cmm,  thus 
fitting  it  to  ,^>eoon^  better  saturated  iwith  the  chemick  or  sour.  Thirdly,  jthfi:4^ace 
passing- ^rom  the  souring  to  the .  washing^macMne^Jn. this,  a^^ngemejxt,  carries  with 
it  lifB:  of  the  acicE  and  thus  ensures  a  better  washing,  with  less  watezC 

It.  may  be  observedi  thjgit  the  velocity  of  the  a^ve-mentioned  madunes  is  mudi 
higi^t  than  usual,  experience,  having  shown  that  the  varioiis  operatiooB  are  thus 
bett|9r  performed  than'>when  running  flower.  The  reason  of  this  appears  tobe,  firstly, 
that  the  piece,  running  j^t  such  vei6oiAy».jcarries  with  it^  by  ileason  oS.  capillary  «ttnic- 
taonl  a  greater  quantity  .of  liquid  to  the  nip  of  the  boweJs ;  secondly,  the  great  velocity 
of  thet  bowels,  together  ^nth  the  greater  quantity  of  water  carried  up,  produces  a  more 
pow^tjFul  current  at  Ihe  nip  and  down  the  ascending  piece,  thus  penetrating  to  evoiy 
fibr^ofit. 

.  It  maj.also  be  remarked,  that  the  above-mentiDned  machines  are  not  adapted  to^ 
the  |:>leadiing  of  Hnen ;  iix  the  latter  cloth,  not  having  the  same  elasticity  as  cotton, 
if  it|should  become  tight,  would  either  be  pulled  narrow  ox  torn. 

li  illustration  of  the  continuous  process  as  at  present  used,  the  plan  of  proceecUng 
at  Messrs.  McNaughten,  Barton,  ana  Thom'iB,  at  Chorley,  may  he  described. 

1.  In  order  that  there  may  be  no  interruption  in  the  process,  the  peces  are  united 
in  one  continuous  piece— eadi  piece  being  aoout  80  yaros,  the  whole  varying  with  the 
wttght  of  cloth---al)out  800  yards  long.  Ea^  piece  is  marked  with  the  name  of  the 
printer.  This  is  sometimes  done  in  marki^ink  of  silver,  and  sometimes  in  coal-tar, 
at  the  extremity  of  the  piece.  The  pieces  are  rapidly  tacked  together  by  girls,  who 
use  in  Hnmn  i¥itiihliHhmftntfl.A.Yety  sunple  sewing-machipe.  ..(See  SKwnfQ^fj^jaxi^) 
The  whole  amount  to  be  bleached  at  a  time  is  united  ip  one  piece,  and  is  drawn  iitm 
plajBoi  to  place  like  a  rope.  To  give  them  this  rope-form,  the  goods  are  drawn  through 
an  Aperture  whose  suruce  is  exceedingly  smooth,  being  generally  of  glass  or  earthen- 
wa^  Of  these  many  are  used  in  transferring  thotbth  from  place  to  place.  They 
serve'  instead  of  pulleys.  The  doth  when  laid  in  a  vessel  is  not  thrown  in  at  ran^c^m, 
buf  l^iid  down  in  a  caiefWy  made  ooil.  The  rope-form  enables  the  water  to  penetmte 
it  B^ore  easily. 


i,  IThe  pieces  are  singed. 


_  They  are  boiled  in  the  first  kier.  Ta  this,  8,500  lbs.  of  doth  have  added  to  them 
250  U)s.  cf  caustic  lime,  1  lb.  of  lime  to  ii~Qicloib* '  The  kier  ia..GyUnd]S<»I,  7  ^t 
deep  land  8  feet  in  diameter ;  as  much  water  ^s  a<ided  as  will  cover  the  doth,  about 
506^gallon8.    This  boiling  lasts  thirteen  hours.     ^ 

4.  :They  ar^  'imshed  in  the  wadiing-lTmchine^  Bobinson  and  Young*8  ihadnno 
is  used.         *'  ^. .     -"^'  \  ]    ' 

5.  They  are  ooTU^d  ii^  a  jiinilar  machine  with  hydrochloric  add  of  spedfie  jgravity 
I010har2*»  of  Twaddle.  "    '  ; 

^M  jThe  same  amount  of  doth  being  supposed  to  be  use<L  it  is  bucked  in  a  solution 
of  iK)aa-ash  and  resin,  170  lbs.  of  soda-ash  to  80  lbs.  of  resin.  The  bouing  lasts 
sixt^^n  hours,  the  same  amount  of  water  b^ng  used.  .    '  ■     '.    \    . 

7.  Washed  as  before.  .  '    ^ 

8.  Ftosed  through  chloride  of  Hmo,  or  chemicked.  ^e  doth  is  laid  in  a  stone  or 
wooden  dstem,  and  a  Solution  of  bleaohing-powder  is  passed  through  it,  by  being 
poufed  over  it  and  allowed  to  run  into  a  v^oesel  below ;  this  is  managed  by  continued 
pumping.  This  sdutioi^is  about,  half  a  ^^eo  Twaddle,  or  specific  gravity  .1002*5. 
Th^  doth  lies  in  it  from  one  to  two  hours. 

fl.  Washed, 

10.  Bdied  agdn  ih  a  kier  for  five  tioors  with  100  lbs.  of  carbonate  of  isbda 

crystals.  '     ' 

Hi  wasftccL'    ■-•*■-      ....  *.^.,« — ^.j,  >.    ._  — -  — — J 
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■  "  1 12.  Put  in  chlofido  of  limb  as  before. 

13.  Soured,  in  hydrochloric  add  of  1012-6  specific  gfavity,  or  2J°  Twaddle.    :  ■      • 
I4i  Lies  six  hours  on  stallages. — ^A  stallage  is' a  laid  of  low  stool  ti^ed  to  protect  the 

«ldth  from  the  floor. 

16.  Washed  till  dean. 

-    16^  Sqneesed  in  roliers.' 

17.  Dried  oter  tin  cylinders  heated  by  steanl,   •  • 

This  is  the  process  for  caCoo  ^enetally ;  tome  light  goods'mnst  be  mbrer  carefolly 
handled.  The  usual  time  occupied  by  all.  these  proce$8e8  is  fiye  days.  They  axe 
sometimes  dried  in  a  hydr^>*^attractor  ^  iafter  sikigdng/laid  twenty-four  hours  to  steep, 
then  washed  before  bdng  put  into  the  lime^kier.  ' 

Bu^CQiKO  OP  Xinc^.  ; ',    '  \r- /.   ■- 

Linen  contains  muph  more  colouring-matter  tha.n  cotton.    T  arty 

a  third  of  its  wdght,  while  the  latter  loses  not  more  than'a'hi  i(  of 

flax  possess,  in  the  natural  condition,  a.  liffht  grey,  yellow,  or  .,the 

operation  of  rotting,  or,.^  it.  is  opminOmy  called,  water-rotti  }yed 

to  enable  the  textile  filaments  to  be  separated  £rom  the  booE  the 

colour  becomes  darker,  and,  iQ  .consequence  probably  ot  the  p  seen 

^matter  of  the  bark,  the  colouring-substance  appears.    Hence  bout 

rotting  is  much'paler,  and  its  colouring-matter  may  be  in  a  j  nred 

by  washing  with  soap,  leaying  the  filaments  nearly  white.    .31  leda 

patent  in  1812,  as  haying  discovered  that  the  process  of  stee]  ig  is 

unnecessary,  and  that  fla^  and  hemp  will  not  only  dress,'  but  ^  if 

not  greater  quantity  of  more  durable  fibre,  when,  cleanod  in  Leo 

stateid  that,  when  hemp  or  flax-plants  are  ripe,  tlie  farmer  1  tx  do 

than  to  piUl,  spread,  ^nd  .dry  them  in  the  snU)  and  then  to  tiper 

'madiinery.     This  promising  improyement  has  apparently  b  tip^ 

been  many  years  abandoned  by  .the  patentee  himself,  though  ]  ,di  a 

spedal  Act  of  Parliament,  which  permitted  the  spedfication  <  inain 

sealed  up  for  seyen  years,  contrary  to  the  generalpractice  in  (  :r 

The  substance  which  giyes  steeped  flax  its  peculiar  tint  iliii^ 

water,  in  adds,  and  in  alkalis ;  but  it  possesses  the  property  _  li^tic 

or  carbonated  alkaline  l^es,  when  it  has.  by  preyious  exposure  been  a<5tod~bn  'only;  by 
chlorine.  This  process  is  e£Eected  i^  great  measure  by  tn'e  influence  of  drjn  combina- 
tion with  light  and  moisture  acting  on  the  linen  doth  htidupon  thegr&ss :  butchlj^rine 
■hastens  the  operation.  In  no  caito,  howeyer,  is  it  possible  to  dissolye  the  colouf  cOmr 
pletely  at  once,  but  there  must  be  many  alternate  enx>sures  to  oxygen  6)r  <:)ilorin^, 
and  alkali,  before  the  flax  beqomes.  white.  It  is  .this  circumstance  alone  which^ndjsrs 
the  bleadiing  of  linen  an  apparently  complicated  business.  »   ^^  r^  *    ..'• 

Old  Meth^, — ^A  parcel  of  goods  consists  of  860  pieces  of  those  linens.whieh  jare 
called  Britannias.  Each  piece  is  85  yards  loQg,  i^nd  weighi^  pq  an  ayerflge,  10  'lbs.; 
the  weight  of  the  parcel  is,  in  consequence,'  abdiil'8td0))'lbs!,  ayoirdupols  weight  'jhe 
linens  are  flrst  washed^  and' then  steeped  in  waste  alkalfi^e  lye,  as  lormerly  described 
under  these  processes ;  they  then  undergo  the  following  oper^tions.:-^ 


1.  Bucked  with  60  lb9. 

2.  Ditto             80 

pearl-ashes,  ifashed,  exposed  oti  the  fidd;  C  . 
ditto            ditto      ditto               ditto- 

8.  Ditto 

90 

potashes         ditto      ditto            .'f ditto.    -^  .\ 

4.  Ditto 

80 

ditto      -     ditto   .ditto   '  "  •  :•  ditto.     ^  A 

5.  Ditto 

80      ' 

liitto  ditto  ,  iditto  '  Jditta  '.  . : 
ditto           ditto      ditto               ditto.      .'•  : 

6.  Ditto 

60 

7.  Ditto 

70 

ditto            ditto      ditto  ..:       :  v^ttd.      .' -: 

8.  Ditto 

70 

ditto           ditto      ditto    .      -  .ditto.    )  .:: 

9.  Soured  one  night  in  dilute  sulphuric  add;  washed.    ;   :     ;  i!    . 
10.  Bucked  with  60  lbs.  pearl-ashesj  washed;  expOfl^on  the^fiddr '        ' 
11..  Immersed  in  the  <^onde<)f  potash  or  lime  12  houts.}'*  .'r  -.-   ' 

12.  Boiled  with  80  lbs.  pearl-ashes,  washedr  exposed- oii  the  fidd^       *  ;  '  3 
^.      13*  Ditto  8a        -ditto     ,' ditto      ditto  djtUK!       .' 

14.  Soured,  washed^.  '.,••.-..'  .L' 

The  linens  are  then  taken  t6  the  mbbing-board,  and  well  hibbedt 'with  !js.  string 
Jather  of  black  soap,  after  which  they  are  well  wa9tio4  ill  pure  ^pring-^iviate'r.'  At  this 
peri6d'thejr  are  camuUy  eiamined,  and  those  whidi  arb  fully  bleached  ate  laid  aside 
to  be  blued,  and  made  up  for  the  market;  while  those  which  are'  not  fallr  #hite  am 
-Mtnmsd.  to  be  boiled,  and  steeped  ki  the  chToride  of  lifiie  or  potash  r  then  jsouiiedp 
until  they  are  fully  white,  •  •  .-  •  '*f 


Digitized  by  VjOOQIC 


f890  :  BLEACHING 

By  the  aboye  process,  690  lbs.  weight  of  alkali  is  taken  to  bleach  360  pieces  of  linen, 
each  piece  consisting  of  35  yards  in  length ;  so  that  the  ezpenditnre  of  alkaU  would 
be  somewhat  less  t^n  2  lbs.  for  each  piece,  were  it  not  that  some  parts  of  the  linens 
are  not  fnlly  whitened,  as  aboye  noted.  Two  ponnds  of  alkali  may  therefon^  be  stated 
as  the  ayerage  quantity  employed  for  bleaching  each  |nece  o^  goods. 

What  is  called  the  old  method,  or  that  used  from  about  the  introduction  of  bleach- 
ing-powder,  at  the  beginning  of  the  cQntnxy,  till  within  ten  or  fifteen  years,  required 
bleaching,  on  thegrass;  and  the  mode  in  which  it  was  managed  in  Ireland  and  Soot- 
land,  where  it  held  its  ground  longest,  is  as  fdlows : 

1.  Thejr  were  rot-stec^  in  a  weak  solution  of  potash,  at  about  130^  F.,  for  two 
days,  until  the  dressing  used  in  manufacturiug  the  cloth  was  remoyed, 

2.  Washed. 

3.  Boiled  or  bowked  in  potash-lye  at  l^  Twaddle,  for  ten  hours. 

4.  Washed,  and  the  ends  tuned  so  that  the  whole  might  be  equally  exposed  to 
the  lye.  ^ 

5.  Bdiled  or  bowked  in  a  similar  lye  to  the  above  for  twelye  hours. 

6.  Washed  well. 

7.  Exposed  on  the  grass  for  three  days,  and  watered. 

8.  Taken  up  and  soured  with  sulphuric  acid,  at  2^  Twaddle,  for  four  hours. 

0.  Taken  up  and  washed  well 

10.  Boiled  again  for  eight  hours  in  potash-lye,  at  1^  Twaddle,  to  which  had  been 
added  black  or  soft  soap,  about  20  lbs.  to  a  kier  of  about  300  gallons. 

11.  Washed. 

12.  Crofted,  or  exposed  on  the  grass,  as  before. 

13.  Treated  with  chloride  of  lime  at  1^^  Twaddle,  for  four  hours. 

14.  Washed. 

15.  Soured  in  sulphuric  acid,  at  2^  Twaddle,  for  four  hours. 

16.  Washed. 

17.  Boiled  for  six  or  soyen  hours  with  soap  and  lye,  using  in  this  case  more  soap 
and  one-third  less  lyo  than  in  the  former  bowldngs. 

18.  Drawn  out  and  put  through  rub-boards.  This  is  a  kind  of  washing-machine, 
made  of  blocks  of  wood,  with  hard-wood  teeth.  The  goods  are  washed  by  it  in  a  soapy 
liquid.    The  teeth  moying  rapidly,  driyo  the  soap  into  the  doth. 

19.  Boiled  in  the  lye  alone  for  six  hours, 

20.  Washed. 

21.  Crofted,  keeping  them  yery  clean,  as  this  is  the  last  exposure. 

22.  Treated  with  chloride  of  hme. 

23.  They  are  then  starched,  blued,  and  beetled,  to  finish  them  for  the  market 
These  operations  last  sii^  weeks. 

2few  Ssfstem,  as  practised  m  Scotland  and  IrdatuL-^Directian*  given  by  an  €xie9Mtfe 

EUacher. 

1.  Wash. 

2.  Boil  in  lime-water.'ten  or  twelye  hours. 

3  Sour  in  muriatic  acid,  of  2^  Twaddle,  for  three,  four,  or  flye  hours. 

4.  Wash  well. 

6.  Boil  with  roan  and  soda-ash  twelve  hours. 

6.  Turn  the  goods,  so  that  those  at  the  top  shall  be  at  the  bottom,  and  boil  again 
as  at  No.  5. 

7.  Wash  well 

8.  Chemick,  atj<>  Twaddle,  or  1002*5.  four  hours. 

9.  Sour^  at  7^  iWldle,  or  1010*  specific  gravity. 

10.  Wash. 

11.  Boil  in  soda-ash  ten  hours. 

12.  Chemick  again. 

13.  Wash  and  dry. 

This  ia  the  sjrstem  chiefiy  adopted  when  the  goods  are  to  be  printed. 
The  following  ia  the  system  practised  in  the  neighbourhood  of  Perth,  where  the 
chief  trade  is  in  plain  sheetings : — 

1.  Before  putting  them  into  operation,  they  are  put  up  into  parcels  of  about  35cwts. 

2.  Th^  are  then  steeped  in  lye  for  twenty-four  nours. 

3.  Then  washed  and  spread  on  the  grasA  for  about  two  days. 

4.  Boiled  Ia  lime-water. 

,    5.  Turned,  and  boiled  again  in  lime-water,  those  at  the  top  being  put  at  the  bottom. 
fiO  lbs.  of  lime  are  used  at  a  time,  and  about  600  gallons  of  water. 

6.  Washed,;  then  soured  in  sulphuric  add  of  2^  Twaddle,  or  1010*  sp.  gr.,  fbr  four 
hours,  then  washed  again. 
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7.  Boiled  with  soda-ash  for  ten  hours;  110  lbs.  Qfied. 

8.  Washed  and  spread  out  on  the  green,  or  crofted. 

9.  Bdled  again  in  soda  as  before. 

10.  Crofted  for  three  days. 

11.  Thejare  then  examined:  the  white  ones  are  taken  out;  those  that  aro  not 
finished  are  boiled  and  crofted  again. 

12.  Next,  they  are  scalded  in  water  containing  80  lbs.  of  soda-ash,  and  washed. 

13.  The  chlonde  of  lime  is  then  used  at  i^  Twaddle,  or  1002*5  specific  gravity. 

14.  Washed  and  scalded. 

15.  Washed  and  treated  with  chloride  of  lime. 

16.  Soured,  for  four  hours,  with  sulphuric  acid,  at  2^  Twaddle,  or  1010*  spedfic 
gravity. 

17.  Washed. 

If  cloths  lighter  than  sheetings  are  used,  the  washing  liquids  ore  used  weaker.  The 
great  point  is  to  observe  them  carefully  during  the  process,  in  order  to  see  what 
treatment  will  suit  them  best 

It  will  be  seen  that  the  process  of  bleaching  linen  is  still  very  tedious ;  and  althougli 
it  may  be  managed  in  a  fortnight,  it  is  seldom  that  this  occurs  regularly  for  a  great 
length  of  time.  The  action  of  the  light  introduces  at  once  an  uncertain  element, 
as  this  varies  so  much  in  our  climate.  If,  again,  linen  be  long  exposed  to  the 
air  in  a  moist  condition,  it  is  apt  to  become  injured  in  strength.  To  shorten  the  i>ro- 
oess,  therefore,  is  important ;  and  if  no  ii^jurious  agents  are  introduced,  a  shortening 
promises  also  to  give  increased  strength  to  the  fibre.  It  has  not  been  found  possible 
to  introduce  chlorine  into  linen-bleadiing  at  an  earl^  stage,  as  in  the  case  of  cotton  ; 
and  the  processes  for  puriMng  it  without  any  chlorine,  render  it  so  white  that  un- 
skilled persons  would  call  it  as  white  as  snow.  The  chlorine  is  introduced  nearly  at 
the  end  of  the  operation,  after  a  series  of  boilings  with  alkalis,  sourings,  and  ex- 
posures on  the  gross.  If  introduced  at  an  earlier  stage,  the  colour  of  the  raw  cloth 
becomes  fixed,  and  cannot  be  removed.  The  technical  term  for  this  condition  is  '  set* 
Mr.  F.  M.  Jennings,  of  Cork,  has  patented  a  method  which  promises  to  obviate 
the  difficulty.  The  peculiarity  consists  in  using  the  alkali  and  the  chloride  of  alkali 
at  the  same  moment,  thus  giving  the  alkali  opportunity  to  seize  on  the  colouring- 
matter  as  soon  as  the  chloride  has  acted,  and  thereby  preventing  the  formation  of  an 
insoluble  compound.  He  prefers  the  dxloridos  of  potash  or  soda.  His  plan  is  as 
follows : — 

1.  He  soaks  the  linen  in  water  for  about  twelve  hours,  or  boils  it  in  lime  or  alkali, 
or  alkali  with  lime,  and  then  soaks  it  in  add,  as  he  uses  soaps  of  resin  in  other  mix- 
tures—the alkalis  being  firom  3^  to  5^  Twaddle,  1015*-1025*  specific  gravity. 

2.  Boils  in  a  similar  alkaline  solution. 

3.  Washes. 

4.  Puts  it  into  a  solution  of  soda,  of  5^  Twaddle,  1025'  spedfic  gravity,  adding 
chloride  of  soda  until  it  rises  up  to  from  6^-7^  Twaddle.  It  is  allowM  to  remain  in 
this  solution  for  some  hours,  and  it  is  better  if  subjected  to  heating  or  squeezing  be- 
tween rollers,  as  in  the  washing-machine. 

5.  He  then  soaks,  sours,  and  washes. 

6.  He  then  puts  it  a  second  time  into  the  solution  of  alkali  and  chloride. 

7.  Then  washes,  and  boils  again  with  soda.  These  operations,  6  and  7f  ni.iy  bo 
repeated  until  the  cloth  becomes  almost  white. 

The  amount  of  exposure  on  the  grass  by  this  process  is  said  to  be  not  more  than 
from  one-half  to  one-fourth  that  required  by  the  usual  method,  or  it  may  be  managed 
so  as  entirely  to  supersede  crofting. 

Chevalier  Claussen  has  opened  up  the  filaments  of  flax  by  the  evolution  of  gas  from 
a  carbonate  in  which  the  plant  is  steeped,  and  at  the  same  time  bleached  by  chloride 
of  magnesia,  but  this  has  not  been  suocessfhl* 

Blbachtko  of  Silk. 

Bilk  in  its  raw  state,  as  spun  bpr  the  worm,  is  either  white  or  yellow  of  various 
shades,  and  is  covered  with  a  varnish  which  gives  it  stifihess  and  a  degree  of  elastidty. 
For  the  greater  number  of  purposes  to  which  silk  is  applied,  it  must  be  deprived 
of  this  native  covering,  whidi  was  long  considered  to  oe  a  sort  of  gum.  The 
operation  by  which  this  colouring-matter  is  removed  is  called  scouring,  deansinff, 
or  boiling.  A  sroat  many  different  processes  have  been  proposed  for  freeing  the  siSc 
fibres  from  all  foreign  impurities,  and  for  giving  it  the  utmost  whiteness,  lustre,  and 
pliancy ;  but  none  of  the  new  plans  has  superseded,  with  any  advantage,  the  one 
practised  of  old,  which  consists  essentiallv  in  steeping  the  silk  in  a  warm  solution 
of  soap ;  a  drcumstance  placed  beyond  aU  doubt  by  the  interesting  experiments  of 
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M.  BoazcL  The  alkalis,  or  allcalind  salts,  act  in  a  marked  manner  upon  the  varnish 
of  silk,  and  eflbct  its  complete  Sblntion ;  tiie  prolonged  agencnr  even  of  boiling  ivater 
or  soap  and  water  destroys  the  brilliancy  of  silt  It  wonld  appear,  however,  that 
the  Chinese  do  not  employ  this  method,  but  something  that  is  preferable,  •  Pro- 
bably the  superior  beauty  of  their  white  silk  may  be 'owing  to  the  superiority  of- their 
raw  material. 

The  most  ancient  method  of  scouring  silk  consists  of  three  operations.  For  the 
first,  or  the  wigummingt  thirty  per  cent,  of  soap  is  dissolved  in  clean  water  at  a 
boiling  heat ;  then  the  temperature  is  lowered  .by  the  addition  of  a  little  cold  water, 
by  withdrawing  the  fire,  or  at  least  by  damping  it  The  hanks  of  silk  suspended 
upon  horizontal  poles  over  the  boiler  are  now  plunged  into  the  soapy  solution,  kept  at 
a  neat  somewhat  under  ebullition,  which  is  an  essential  point;  for,  if  hotter,  the  soap 
wonld  attack  the  substance  of  the  silk,  and.  not  only  dissolve  a  portion  of  it,  but  de- 
prive the  whole  of  its  lustre.  The  portions  of  the  hanks  plunged  in  the  bath  got 
scoured  by  degrees :  the  varnish  and  the  colouring-matter  are  removed,  and  the  silk 
assumes  its  proper  whiteness  and  pliancy..  .Whenever  this  point  is  attained,  the  hanks 
are  turned  round  upon  the  poles,  so  that  the  portion  formerly  in  the  air  may  be  also 
subjected  to  the  bath.  As  soon  as  the  whole  is  completely  un^mmed,  they  are  taken 
out,  wrung  by  the  peg,  and  shaken  out ;  after  which  the  next  step,  called  thd  bailt  is 
commencML  About  25  lbs.  or  ^5  lbs.  of  un^mmed  silk  are  enclosed  in  bags  of  coarse 
canvas,  called  pockeUt  and  put  into  a  similar  bath  with  the  preceding,  but  with  a 
smaller  prppbrtion  of  soap,  which  may  therefore  be  raised  to  the  boiling-point  with- 
out any  danger  of  destroying  the  silk.  The  ebullition  is  to  be  kept  np  for  an  hour 
and  a  naif,  during  which  time  the  bags  must  be  frequently  stirred,  lest  those  nesr 
the  bottom  should  suffer  an  undue  degree  of  heat.  The  silk  experiences  in  these  two 
operations  a  loss  of  about  25  per  cent,  of  its  weight. 

The  third  and  last  scouring  operation  is  intended  to  give  the  silk  a  slight  tinge, 
which  renders  the  white  more  agreeable,  and  better  adapted  to  its  various  usee  in 
trade.  In  this  way  we  distinguish  the  China  white,  which  has  a  faint  cast  of  red,  the 
silver  white,  the  aznre  white,  and  the  thread  white.  To  produce  these  di£&rent 
shades,  we  begin  by  preparing  a  soap-water  so  strong  as  to  lather  by  agitation;  we 
then  add  to  it  for  the  China  white  a  little  amotto,  mixing  it  carefully  in  ;  and  then, 
passiQg  the  silk  properly  through  it,  till  it  has  acquired  the  wished-for  tint  As  to 
the  other  shades,' we  need  only  azure  them  more  or  less  with  a  fine  indigo,  which  has 
been  previously  washed  several  times  in,  hot  water,  and.  reduced,  to  powder  in  a 
mortar.  It  is.  then  diffiised  through  boiling  water,  allowed  to  settle  fbr  a  few  minutes, 
and  the  supernatant  liquid,  which  contains  only  the  finer  partides,  is  added  to  thb 
soap  bath,  in  such  proportion  as  may  be  requisite.  The  silk,  on  being  taken  out  of 
this  bath,  must  be  wrung  well,  and  stretched  upon  perches  to  dry ;  after  which -it  is 
introduced  into  the.  sulphuring  chamber,  if.it  is  to  be  made  use  of  in  the  white  state. 
At  Lyons,  however,  no  soap  is  employed  at  the  third  operation;  after  the  boUj  the 
silk  is  washed,  stdphured,  and  azured,  by  passing  through  very  clear  river-water 
properly  blued.  ^        . 

The  present  practice  in  the  silk-works  in  'Lancashire  is  as  follows : — ' 

The  Italian  silk  arrives,  in  this  country  with  a  little  soap  in  it  put  in  by  the 
throwsters  there,  amounting  to  one  drachm  to  a  pound  of  silk.  It  is  received  here  in 
hanks,  and  bleached  in  that  state.  The  hanks  are  hung  on  sticks  or  small  poles,  about 
three  pounds  of  silk  being  on  each  stick.  The  sticks  being  laid  across  a  yessel,  the 
silk  hangs  down,  and  in  this  way  may  be  immersed  in  any  liquid.  The  treatment  of 
silk  is  then  much  more  tender  than  that  of  cotton. 

1.  The  hot  lather  is  made  with  3  lbs.  of  soap  in  50  gallons  of  water;  to  this  is 
added  1  lb.  of  soda  crystals.  The  silk  is  kept  in  this  latjfier  at  a  tempemture  of  from 
175®  to  190^  F.  for  three-quarters  of  an  hour.  It  is  then  wrung  or  dried  in  the  hydro- 
extractor  (called  hydro  or  whizzer  in  Lancashiro  works).  2.  It  is  then,  for  the  pur- 
pose of  straightening  it  rolled  on  a  cocoa-nut  roll-pin  4  in.  in  diameter,  a  little  turn 
being  given  it  occasionally,  by  the  finger  and  thumD,'to  prevent  entangling.  8.^  It  is 
then  put  into  bags  of  one  yard  sc^uare.  The  hanks  are  laid  fiat,  and  the  bags, stitched 
down.  In  this  state  they  are  boiled  for  3^  hours,  using  for  the  same  amount  of  water 
as  before,  3  lbs.  of  soap  to  20  lbs.  of  silk.  4.  Tlie  silk  is  then  washed  or  moved  about 
by  the  hand  in  a  cistern  one  yard  wide  and  one  deep,  rotaining  as  much  soap  as  will 
make  a  pretty  permaiient  lather.  To  this  thero  is  generally  added  a  small  quantity 
of  archil,  about  }  oz,  to  4  lbs.  of  silk.  5.  It  is  then  dried  in  the  hydro-extractor. 
6.  It  is  then  straightened  and  sulphured.  The  sulphuring  is  done  in  a  small  apart- 
ment, which  should  be  very  hi^h.  The  size  is  frequently  10  feet  square  by  20  in 
height  The  silk  is  hung  up  m  it,  and  4  lbs.  of  sulphur  for  each  40  lbs.  of  silk  aro 
put  on  the  fipor  ahd  set  fire  to.  The  room  is  closed  as  well  as  possible,  ^nd  the  silk 
)0  allowed  to  remain  4  hours.    This  is  the  bleaching,  and  it  requires  now  oihly  to  b« 
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washed  by  rinsing  three  to  four  times  in  cold  water,  A  little  indigo  blue  is  used  to 
give  it  a  pearly  appearance.  The  use  of  archil,  which  has  been  mentioned,  depends 
upon  the  shade. of  white,  jbo  to  speak,  which  is  wanted.  7*  The  nlk  is  now  dried  by 
.the  hydro-extractor  first,  and  tnen  by  exposing  to  a  temperature  of  85^-90^.  If 
heavily  laden  with  gums,  silk  must  be  dried  at  a  still  cooler  temperature.  In  this 
operation  of  bleaching,  1  lb.  of  good.silk  loses  4  os. ;  but  as  it  seldom  azriyes  very 
pure,  the  usual  loss  to  the  pound  of  silk  is  5  os. 

The  first,  or  simmering  operation,  mentioned  here,  is  not  necessary  for  the  white 
silk  of  China. 

The  silks  intended  for  the  manu&cture  of  blondes  and  gauzes  axe  not  subjected  to 
the  ordinary  scouring  process,  because  it  is  essential  in  these  cases  for  theni  to 
preserre  tJieir  natural  stiffiiess.  We  must  therefore  select  the  raw  silk  o^  China,  or 
the  whitest  raw  silks  of  other  countries ;  steep  them,  rinse  them  in  a  baUi  of  pure 
water,  or  in  one  containing  a  little  soap ;  wring  them,  expose  them  to  the  yapour  of 
sulphur,  and  then  pass  them  through  t^e  azure  water.  Sometimes  this  process  is 
jepeated. 

Before  the  memoir  of  M.  Hoard  appeared,  extremely  vague  ideas  were  entertained 
about  the  composition  of  the  native  vamish  of  silk.  He  nas  shown  that  this  sub- 
stanoet  so  for  from  being  of  a  gummy  patoie,  as  had  been  believed,  may  be  rather 
compared  to  bees'-wax,  with  a  species  of  oil  and  a  colouring-matter  which  exist  only 
in  raw  silks.  It  is  contained  in  them  to  the  amount  of  from  23  to  24  per  cent,  and 
forms  the  portion  of  weight  which  is  lost  in  the  un^umming.  It  possesses,  hpwever, 
.some  of  the  properties  of  vegetable  guins,  though  it  di£fers  essentially  as  to  others. 
In  a  dry  mass,  it  is  friable  and  has  a  vitreous  fracture ;  it  is  soluble  in  water,  and 
afibrds  a  solution  which  lathers  like  soap ;  but  when  thrown  u^n  burning  coals,  it 
does  not  soften  like  gum,  but  bums  with  the  .exhalation  of  a  fetid  odour.  Its  solu- 
tion, when  left  exposed  to'tJie  open  air,  is  at  first  of  a  golden  yellow,  becomes  soon 
grcenish,  and  e^  long  putrefies,  as  a  solution  of  animal  matter  would  do  in  similar 
circumstances.  H.  Boud  assures  us  that  the  city  of  Lyons  alone  could  furnish 
several  thousand  quintals  of  this  substance  per  annumt  were  it  applicable  to  any  use- 
fulpurpose.  V 

Tne  yellow  varnish  is  of  a  resinous  nature,  altogether  insoluble  in  water»  very 
soluble  in  alcohol,  and  contains  a  little  volatile  oil,  whidi  jgiives  it  a  rank  smell.  Thd 
.colour  of  thiq  resin  is  easily  dissipated^  either  by  exposure  to  the  sun  or  by  the  action 
of  chlorine:  it  forms  about  one  fifty-fifth  of  its  weignt. 

Bees'-wax  exists  also  in  all  the  sorts  of  silk,,  eren  in  that  of  China ;  but  the  whiter 
the  filaments,  the  less  wax  do  they  contain. 

M.  Board  has  observed  that,  if  the  silk  be  exposed  to  the  soap-baths  for  some  time 
after  it  has  been  stripped  of  its  foreign  matters,  it  begins  to  lose  body,  and  has  its 
valuable  qualities  impaired.  It  becomes  dull,  8ti£^  and  coloured  in  consequence  of 
the  solution,  more  or  less  considerable,  of  its  substance;  a  solution  which  takes  place 
in  all  liquids,  and  even  in  IxMling  water.  It  is  for  tliis  reason  that  sIUls  cannot  be 
alumed  with  heat;  and  that  they  lose  some  of  their  lustre  in  being  ^ed  brown,  a 
colour  which  r^uires  a  boiling  hot  bath.  The  best  mode,  therefore,  of  avoiding 
these  inconveniences,  is  to  boil  the  silks  in  the  soap-bath  no  longer  than  is  absolutely 
necessaiy  for  the  scouring  process,  and  to  expose  them  in  the  various  dyeing  operations 
to  a  temperature  as  moderate  as  may  be  sufficient  to  communicate  the  colour.  When 
silks  are  to  be  dyed,  much  less  soap*should  be  used  in  the  cleansing,  and  very  little 
for  the  dark  colours.  According  to  M.  Board,  raw  silks,  white  or  yellow,,  may  be 
cojnpletely  scoured  in  one  hour,  with  15  lbs.  of  water  for  one  of  silk,  and  a  suitable 
proportion  of  soap.  The  soap  and  the  silk  should  be  put  into  the  bath  half  an  hour 
.before  its  ebullition,  and  the  silks  should  be  turned  about  frequently.  The  dull  silks, 
in  which  the  varnish  has  already  undergone  some  alteration,  nerer  acquire  a  fine 
white  until  they  are  exposed  to  sulphurous  acid  gas.  Exposure, to  lig^t  has  also  a 
•very  good  efiect  in  whitening  silks,  and  is  had  recourse  to,  it  is  said,  with  advantage, 
by  the  Chinese. 

,  Baum^  contrived  a  process  which  does  not  appear  to  have  receiyed  the  sanction  of 
m)erience,  but  which  may  be  a  guide  in  the  right  way.  He  macerates  the  yelloF  raw 
silk  in  a  mixture  of  alcohol  at  36®  (sp.  gr.  *0837)  and  one  thirty-second  part  of  pujo 
muriatic  add.  At  the  end  of  forty-eight  hours,  it  is  as  white  as  possible,  and  the 
^inore  so»  the  better  the  quality  of  silk.  The  loss  which  it  suffers  in  the  menstruum, 
is  ooly  one-fortieth ;  showing  that  nothing  but  the  colouring-matter  is  abstracted. 
[The. expense  of  this  menstruum  is  the  great  obstacle  to  Baum^s  process.  The  alcohol, 
however,  might  be  in  a  very  great  measure  recovered,  by  saturating  the  ftcid  with 
chalk,  and' redistilling. 
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Bleachino  of  Wool. 

Wool,  like  tho  procading  fibrous  matter,  is  covered  inth  a  peculiar  vamisli,  which 
impairs  its  qualities,  and  prevents  it  from  being  employed  in  the  raw  state  for  the 
purposes  to  which  it  is  well  adapted  when  it  is  scoured.  The  English  give  the  name 
yolk^  and  the  French  suint^  to  that  native  coat :  it  is  a  fatty  unctuous  matter,  of  a 
strong  smell,  which  apparently  has  its  diief  origin  in  tho  cutaneous  perspiration  of 
the  sheep ;  but  which,  by  the  agency  of  external  bodies,  may  have  undergone  some 
chances  which  modify  its  constitution.  It  results  from  the  experiments  of  M.  Vauque- 
lin,  mat  the  yolk  is  composed  of  several  substances ;  namely,  1,  a  soap  with  basis  of 
potash,  which  constitutes  the  greater  part  of  it ;  2,  of  a  notable  quantity  of  acetate  of 
potash ;  3,  of  a  small  quantity  of  carbonate,  and  a  trace  of  chloride  of  potassium ;  4, 
of  a  little  lime  in  an  unknown  state  of  combination ;  5,  of  a  species  of  sebaceous 
matter,  and  an  animal  substance  to  which  the  odour  is  due.  Thoro  arc  several  other 
accidental  matters  present  on  sheep's  wool. 

The  proportion  (tf  yolk  is  variable  in  different  kinds  of  wool,  but  in  general  it  is 
more  abundant  the  finer  the  staple ;  the  loss  by  scouring  being  45  per  cent  for  the 
finest  wools,  and  35  per  cent  for  the  coaxse. 

The  yolk,  on  account  of  its  soapy  nature,  dissolves  readily  in  water,  with  the 
exception  of  a  little  free  fatty  matter,  which  easily  separates  from  the  filaments,  and 
remains  floating  in  the  liquor.  It  would  then  appear  sufficient  to  expose  the  wools  to 
simple  washing  in  a  stream  of  water ;  yet  experience  shows  that  tlus  method  never 
answers  so  well  as  that  usually  adopted,  whicn  consists  in  steeping  the  wool  for  some 
time  in  simple  warm  water,  or  in  warm  water  mixed  with  a  fourth  of  stale  urine. 
From  15  to  20  minutes  of  contact  are  sufiicient  in  this  case,  if  we  heat  the  bath  as 
warm  as  the  hand  can  bear  it,  and  stir  it  well  with  a  rod.  At  the  end  of  this  time 
the  wool  may  be  taken  out,  set  to  drain,  then  placed  in  large  baskets,  in  order  to  be 
completely  rinsed  in  a  stream  of  water. 

It  is  generally  supposed  that  putrid  urine  acts  on  the  wool  by  the  ammonia  which 
it  contains,  and  that  this  serves  to  saponify  the  remainder  of  the  fatty  matter  not 
combined  with  the  potash,  although  M.  Vauquelin  gave  another  opinion.  Fresh  urine 
contains  a  free  add)  which,  by  decomposing  the  potash-soap  of  Uie  yolk,  counteracu 
the  scouring  operation. 

If  wools  are  better  scoured  in  a  small  quantity  of  water  than  in  a  great  stream,  we 
can  conceive  that  this  circumstance  must  depend  upon  the  nature  of  the  yolk,  which, 
in  a  concentrated  solution,  acts  like  a  saponaceous  compound,  and  thus  contributes 
to  remove  the  free  fatty  particles  which  adhere  to  the  filaments.  It  should  also  be 
observed  that  too  long  a  continuance  of  the  wool  in  the  yolk  water,  hurts  its  quality 
very  much,  bjr  weakening  its  cohesion,  causing  the  filaments  to  swell,  and  even  to 
spbt  It  is  said  then  to  mtve  lost  its  nerve^  Another  circumstance  in  the  scouring  of 
wool,  that  should  always  be  attended  to,  is  never  to  work  the  filaments  together  to 
such  a  degree  as  to  occasion  their  felting ;  but  in  agitating  we  must  merely  push 
them  slowly  round  in  the  vessel,  or  press  3iem  gently  under  the  feet  Were  it  at  all 
felted,  it  would  neither  card  nor  spin  weU. 

As  the  heat  of  boiUng  water  is  apt  to  decompose  woollen  fibres,  we  should  bo  carcfiil 
never  to  raise  the  temperature  of  tJie  scouring  bath  to  near  this  point,  nor,  in  fact,  to 
exceed  140^  F.  Some  authors  recommend  the  use  of  alkaline  or  soapy  baths  for 
scouring  wool,  but  practical  people  do  not  donate  from  the  method  above  described. 

When  the  washing  is  completed,  all  the  wool  which  is  to  be  sent  white  into  the 
market,  must  be  exposed  to  the  action  of  sulphurous  acid,  either  in  a  liquid  or  a 
gaseous  state.  In  the  latter  case,  snlphiir  is  burned  in  a  close  chamber,  in  which  the 
wools  are  hung  up  or  spread  out ;  in  the  former,  tho  wools  are  plunged  into  water 
moderately  impregnated  with  tho  acid.  (See  Sttlphttbino.)  Exposure  on  the  grass 
may  also  contribute  to  the  bleaching  of  wool.  Some  fraudulent  dealers  are  accused 
of  dipping  wools  in  buttermilk,  or  chalk-and-water,  in  order  to  whiten  them  and 
increase  their  weight 

Wool  is  sometimes  whitened  In  the  fleece,  and  sometimes  in  tho  state  of  yam ;  the 
latter  affording  the  best  means  of  operating.  It  has  been  observed  that  the  wool  cut 
from  certain  parts  of  the  sheep,  especially  from  the  groin,  never  bleaches  welL 

After  sulphuring,  tho  wool  has  a  harsh  crispy  feeU  which  may  be  removed  by  a 
weak  soap-bath.  To  this  also  the  wool-comber  has  recourse  when  he  wishes  to 
cleanse  and  whiten  his  wools  to  the  utmost  He  generally  uses  a  soft  or  potash  soap, 
and  af^  the  wool  is  well  soaked  in  the  warm  soap-bath,  with  sentle  pressure  ho 
wrings  it  well  with  the  help  of  a  hook,  fixed  at  the  end  of  his  washing-tub,  and  hangs 
it  up  to  dry. 

Toe  actual  operations  of  purifying  wool  are  so  blended  Trith  tho  methods  of  wear* 
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lug  unci  iroridng  it>  that)  to  show  it  ftilly,  I  shall  give  here  the  process  of  preparing 
flannelsy  out  of  which  the  paits  relating  to  cleansing  may  be  taken. 

1.  The  wool  is  weighed  out  into  parcels  of  120  lbs.  Add^  on  an  average,  20  to  21  lbs. 
or  10  qsarts  of  oil — ^rape-dl  or  olive,  or  mixed,  or,  as  is  very  common  now,  oleic 
add,  which  may  be  so  used  as  not  to  be  hurtful  to  the  machineiy  in  this  condition. 
This  was  introauced  by  Mr.  M*DougalL 

2.  It  is  then  deyiUed  or  willowed,  carded,  slubbod,  and  spun^ 
The  warp  portion  is  made^t  this  stage  if  wanted. 

8.  Seourea  in  the  warp  with  urine  and  hot  water,  occasionally  using  a  little  ammonia. 

4.  Simd  with  a  mineral  siring,  and  put  into  the  looms. 

6.  If  spun  for  weft,  it  is  soaked,  when  on  the  bobbin,  with  cold  water  in  a  cistern,  an 
ah>pump  being  used  to  extract  the  air  from  the  threads  and  to  compel  the  water  to 
enter. 

6.  The  water  is  then  removed  by  a  revolving  water-extractor.  This  process 
leaves  the  weft  full  and  soft 

Skin-wool,  so  called,  is  taken  from  the  skin  by  means  of  lime,,  which  makes  the 
ml  stif^  forming  a  compound. 

7.  The  piece  being  now  woven  is  grey.  It  is  sent  to  the  finishing  or  fulling  mill, 
sprinkled  over  with  urine  and  pigs'  dung,  and  put  under  the  fulling  hammers  until 


8.  It  is  then  washed  out  or  scoured  with  cold  water,  raised  with  teasels,  dried  out 
of  doors  or  in  a  stove. 

Treated  a  little  differently,  accordingly  as  Welsh  or  Lancashire  is  wanted. 

9.  It  is  then  sprinkled  again  with  soap-and-wator,  and  milled  one  to  two  hours  in 
the  fulling-stock. 

Three-quarters  to  1  lb.  of  soap  is  given  for  each  piece. 

10.  Cleared  with  cold  water. 

1 1.  Hung  u^  wet  in  a  sulphur-stove ;  several  pots  of  sulphur  lighted.  The  door  is 
shut  till  mormng.  Washea  four  to  six  hours  in  cold  water,  treated  with  finely- 
ground  indigo,  dned,  and  a  little  further  raised,  pressed,  and  rolled  up  for  sale. 

If  the  flannel  is  Welsh,  it  is  dried  and  sprinkled  with  fullers'  earth  (instead  of  the 
soap-and-water  used  for  the  Lancashire),  well  milled  for  some  tame,  and  then  cleared 
in  cold  water.  It  is  then  put  into  a  cistern  filled  with  water,  having  some  soap 
thrown  in  as  well  as  a  few  cakes  of  Prussian  blue.  This  dipping  is  repeated  three 
or  four  times,  and  between  each  the  flannel  is  milled  in  the  Mling-stock.  This 
levels  the  colour.    When  blue  enough,  the  pieces  are  dried  and  made  up  for  sale. 

It  appears  that  Welsh  flannel  is  not  sulphured ;  the  cleaning  is  done  entirely  by 
ammonia. 

Sulphuring* — In  the  usual  mode  of  sulphuring  the  doth  is  hung  on  pegs  or  rails  in 
rooms  which  are  called  the  sulphur  ch^bers  or  stoves.  An  iron  pot  containing 
sulphur  is  placed  in  each  comer  of  the  room,  and  the  sulphur  inflamed.  Tha  door  Is 
then  shut  and  clayed.  By  the  morning  the  process  is  finished,  and  the  door  is  opened. 
This  mode  is  objected  to,  because  the  sulphur,  not  bdn^  properly  burnt,  lodges  in  the 
doth,  and  acts  iiy'uriously  oq  it  ii)  the  processes  of  dyeing  or  printing.  Spaiks  also 
are  apt  to  rise  up  and.  injure  the  pieces,  tlie  sulphur  not  being  pure,  and  burning 
irregularly.  Drops  also  of  "water  jmpregnateicl  strongly  with  sulphurous  add  are  apt 
to  fall  firom  the  roof,  doing  ipjury  .to  the  cloth. 

To  avoid  these  inoonveniepces  jMr.  Thorn  has  invented  a  method  by  which  the 
cloth  is  rapidly  carried  throjogh  the  sulphuring  diamber,  and  subjecteid  to  the  in- 
fiuence  of  tne  vapour  on  the  prindple  of  tne  washing-machine.  A  great  deal  of  time 
and  space  is  of  course  savea ;  it  is  on  the  same  prindple  as  the  washing  apparatus, 
vapour  being  used  instead  of  watc^.  This  has  not  yet  been  applied  to  thick  woollen. 
See  CAUco-PtuNTDfo.    .  ... 

Blsjlobinoof  Materials  for  Pafbr. 

The  bleaching  of  paper  is  conducted  on  the  same  prindple  as  the.  bleaching  of 
cotton.  Paper  is  made  prindpally  of  two  materials,  cotton  and  flax,  generally  mixed. 
The  cotton^waste  of  the  mills,  which  is  that  inferior  portion  which  nas  become  too 
impure  for  spinning,  or  otherwise  deteriorated,  and  cotton  rams  are  the  prindpal,  if 
not  the  only,  sources  of  the  cotton  used  by  paper-makers.  The  waste  is  sorted  by 
hand,  the  hard  and  soft  bdng  separated,  and  all  accidental  mixtures  which  occur 
in  it  are  removed.  This  is  done  at  first  roughly  on  a  large  lattice^  which  is  a 
frame  of  wire  cloth,  having  squares  of  about  tbee-quarters  of  an  inch,  through 
which  impurities  may  fall.  It  is  then  put  into  a  duster,  which  is  a  long  rectangular 
box, — it  may  be  ten  feet  long, — lying  horizontally,  the  inside  diameter  about  two  feet, 
and  covered  with  wire  gratings  running  horizontally,  leaving  openings  of  half  ai) 
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inch  in  width.  Ab  thitf  reTolTes,  the  wasto  is  thrown  from  ond  angle  io  th^  oth^r, 
and  throws  ont  whatever  dnst  or  other  material  falls  into  the  holes  or  spaces.  The 
'dbroos  n^atter  has  little  tendency  to  separate  from  the  mass,  which  is  somewhat 
aggluUnated  by  being  damp,  chiefty  from  the  oil  obtained  during  the  processed  in 
the  cotton -mill.  A  second  duster,  howerer,  is  used  to  retain  whateyer  may  be  of 
ralno ;  it  is  a  kind  of  riddle.  It  is  then  transferred  to  thd  lattaces,  idiich  are  a  series 
of  boxes  covered  with  wire  gauze,  the  mesheS  of  which  are  about  half  an  inch 
square,. and  so  arranged  as  to  form  a  series  of  sorting  tables.  The  sorting  generallv 
18  done  ]py  young  women.  £ach  table  has  a  large  box  or  basket  beside  it,  into  -which 
the  sorted  material  is.  thrown ;  this  is  removed  when  filled,  by  being  pushed  along  a 
railroad  or  tramway.  Pieces  of  stone,  clay,  leather,  wood,  nails,  and  otner  articles,  are 
taken  6ut»  The  cotton  is  Uien  put  into  a  devil  similar  to  that  which  is  used  in  cotton 
machinery,  but  havinff  larger,  stronger  teeth,  which  tear  it  up  into  small  fhigments.  ^ 

The  rags  are 'sorted  according  to  quality,  woollen  carefully  renfoved,  and  all  the 
unavailable  material  sent  back  to  the  buyer.  They  are  then  cnopped  up  by  a  knife,  oh 
tho  circumference  of  a  heavy  wheel>  into  pieces  of  an  inch  wide,  devilled,  and  dusted. 

The  rags  and  the.  cotton  .waste  are  .bleached  in  a  similar  manner.  The  cotton  is 
put  into  kiers  of  about  ten  feet  in  diameter,  of  ai  idnd  similar  to  those  described,  and 
boiled  with  lime.  The  amount  of  lime  used  is  about  6  lbs.  to  a  cwt.  of  cotton  or 
rags,  but  this  varies,  according  to  the  impurity.  The  lime  removes  a  great  amount 
of  impure  organic  matter,  and,  as  in  bleadiing  cotton  doth,  lays  hold  of  the  fatty 
matter,  of  wmch  there  is  a  great  deal  ixi  the  waste.  When  taken  out,  it  is  allowed  t« 
lie  from  two  to  three  hours.  The  appearance  is  not  mi^  altered ;  it  appears  as  im- 
pure as  ever. 

It  is  then  put  into  the  rag-engine  and  washe4  clean.  This  is  a  combined  washing*> 
machine  and  filter,  the  invention  of  Mr.  Wrigley,  near  Bury.  Thd  washing  may  last 
an  hour  and  a  half,  or  more.    See  Fafbb. 

The  cotton  has  now  a  bright  grey  colour;  and  looks  moderateljr  dean.  It  is  ftxll 
of  water,  which  is  removed  by  an  hydraulic  press,  the  cotton  being  put  into  an  iron 
cylindrical  box  with  perforated  sides.  It  is  then  boiled  in  kiers  or  puffing  boilers, 
where  soda-ash  is  used,  at  the  rate  of  4  to  5  lbs.  a  cwt.  Only  as  much  water  is  used 
as  will  moisten  the  goods  thoroughly.  Much  water  would  weaken  the  solution  and 
render  more  soda  necessary.  It  is  then  washed  again  in  the  rag-engine ;  afterwards 
put  into  chloride  of  lime,  addified  as  in  cotton-bleaching,  and  washed  again  in  tha 
mg-eqgine. 

The  cotton  rags  are  treated  in  a  similar  manner.  The  coloured  lags  are  treated 
separately,  requiring  a  different  treatment  according  to  the  amount  S  colour ;  this 
.oonsists  diiefly  in  a  greater  use  of  chloride  of  lime. 

Some  points  relating   to   bleaching  are  necessarily  treated  of  under  Cauco- 

FaiNTIKO. 

^e  following  were  the  countries  to  which  our  bleaching  materials  wero  exported  in 
'  1 871)  .and  tho  quantities  exported  to  each : — 


To  Russia 

„  Sweden     '«        • 

„  Denmark    • 

.  9,  Oermany    •      .• 

„  HoUana     •       • 

„  Belgium     •       •. 

„  France 

„  United  States,  Atlantic 

„  British  North  America 

H  Other  Countries 


Cwti. 

49,092 

4,158 

11,069 

61,207 

12,698 

16,046 

4,268 

294,224 

9,086 

.  14,298 


Total    .       ,        .    476,120 


'  IUUiA0ttlV0^-&IQ;inB8t  Thes6  liquidi^  manufdcturod  fbr  tfad  bleadier,  con- 
tain metaUie  chlorides  and  hytochlorites.  The  most  important  «re  the.  liquid 
'  dilorides*of  lime,  magnesia,  soda,  and  potash.    See  .Chlobidbs. 

B&BA<:MXJr0^POWBaM«    See  Chlobidb  of  Limb.        . 

MttMhlL,  (Vvprinus  albumus*)  The  scales  of  this  fish  are  used  for  Biaking  the 
*  essence  of  pean,  or  essence  ttarimtt  with  which  artificial  pearhi  are  manufiictnred.  In 
the  sisales  <n .  the  fish  the  opti<!al  effect  is  produced  in  the  same  manner  as  in  the  real 
peart  t^e  grooves  of  the  latter  bdng  rmesented  by  the  inequalities  focmed  by  the 
margins  of  the  concentric  lamina  of  whicn  the  scales  are  composed.  These  fish  aro 
cau(pit  in  the  Seine,  tiio  Loire,  the  Saone,  the  Khine,  and  several  other  rivers.  They 
'iuro  about  four  inches  in  length,  and  are  sold  very,  cheap  after  the  scales  are  waahe4 
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o£     It  18  8^d  that  4,000  fldi  an  neoeesaiy  for  the  production  of  a  pound  of  scales, 
for  which  the  fishermen  of  the  Ghalonnois  get  from  18  to  25  liTies. 

l%e  pearl  essence  is  obtained  merely  by  well  Irashing  the  scales  which  have  been 
Scraped  from  the  fish  in  water,  so  as  to  free  them  from  the  blood  and  nincilaginou8> 
matter  of  the  fish«    See  Fbabls,  ABTDiaAL.     - 

BUnraaf  from  Blendm,  Qer.,  to  dassle.  Sulphide  or  sulphuret  of  sine  is  a  eom** 
mon  ore  of  zinc,  composed  c^  sane  67t  sulphur  83 ;  but  it  usually  contains  a  certain- 
proportion  of  the  sulphide  of  iron,  which  imparts  to  it  a  dark  colour,  whence  the  name' 
of  *  Black  Jade,'  applied  to  it  by  the  Cornish  miner.  The  ore  of  this  country  gene- 
faliy  consists  of  nuc  61*5,  iron  4*0,  sulphur  83*0.  Blende  oeonrs  either  inabotr^dal 
^rm  or  in  crystals  (often  of  yery  oommex  forms),  belonging  to  the  tetrahedal  division 
of  the  cubic  or  monometric  system.  H»8'5  to  4.  Specifio  gravity  ae  3*9  to  4«  See 
Zma— H.W.B. 

In  some  districts  the  presence  of  the  sulphide  of  sine  is  regarded  by  the  miners  as 
a  fiiTourable  indication,  hence  we  have  the  phrase,  *  Black  Jack  f^de$  a  good  koru*' 
In  other  localities  it  is  thought  to  be  equally  unf)B>Yourable,  and  the  minors  say, 
*.Blaok  Jack  cuts  out  the  ore,*  For  many  yeacs  the  English  sine  ores  were  of  little 
value,  the  immense  quantity  of  sane  manuradnred  by  the  Vieille  Montague  Company, 
and  sent  into  this  coufitiy,  being  quite  sufficient  to  meet  the  ^mand.  .  Beyond,  this, 
there  was  some  difficulty  in  obtaining  zinc  which  would  roll  into  sheets,.  tiKaa  English; 
sulphides. 

Much  of  the  one  obtained  from  blende  is  used  in  the  manuflActnre  of  .brass.  .' 
'  Pure  Uende  is  «  nineriiegical  rarity ;  the  white  and  ooloudess  variefy  (Cleiophane) 
of  New  Jersey,  United  StatM,  was  analvsed  by  the  late  T.  H.  Henry,  and  found  to 
be  absolutely  pure,  with  the  exception  of  a  trace  of  cadmium^  Blende  near^^  always 
contains  sulphide  of  iron«  The  following  analyses  of  varieties  of  blende  illustrate 
tjhis:—  .     .  SolpUde    -      Sulphide 

ofZtDo  oflnm. 

ChareaU.       •       .       .       •        .    82*78  13*71     . 

English    t        ^       .        .        •        .    91*8  6*4 

^roducticn  of  Zinc  Ore  in  the  United  Kingdom  in  the  years  IS70  and  187 It  skowUig 
the  produce  of  each  district. 


No.  of 

^  Flsoes 

1870  '. 

1871 

Zinc  On 

VftUio 

Minot 

Zinc  On 

Yftliifi 

^  10 
40 

Bxolavd:' 
Oom^ill      .      -        . 
Omnberiftnd.       . 

iMTOOMlKre     •         •           4 

Bia^baHn-  .       .        . 
Wales: 

ssafir*.  :  : 

UiMOw'Mjot'  .      .      . 

SOOTLAHO           .        . 

Toiisowt.qr. 

996  16.  8 
681  18  S 
846:    1    1 

67  0  0 
89V  11    0 

76     0    0 

48     0    0 

67      0    0 

213   16    0 

61    17    S 

2,919     0    0 

9,711     0    0 

700     0    0 

4476   19    1 

.  .813     8    0 

£   t.    d, 

ifin  10  0 

lyTSfltlOO 

970    6  0^ 

196.18  0 

l;27i  18  0 

262    4  0 

166  12  0 

20118  0 

680  16  0 

218  10  0 

9,069    OO 

7,782    6  0 

2,878    0  0 

18,884    0  8 

987    10 

•  • 

18 

Toiisowt.qr. 

^S2     i  2 

->798     8   2 

6t0    11    Z 

67  0  0 
880    12    0 

46     0    0 

16      0    0 
60      0  .0 
629    U    1 

8,616      d    0 
8,187     4    0 
1^406      0    0 
6,768      6    0 
821    10    0 
80      0    0 

2,826  10  G 

2,894  10  0 

1,662  1010 

228    0  0 

969    6  0 

168  16  0 

60   0  0 

210  .0  0 

2,118    8  8 

14,480    4  6 
8489  10  0 
8,680  16  0 
19,014  ;9  9 
964  10  0 
112  10  0' 

18,666    10    0 

41,008  18  8 

47 

17,786    10    0 

66,880    410 

Hetallie  sine  produced,  1870,  3,936  tons;   1871t  4,966  tons. 

IXFOEtS. 

Tear  Tens  a\>nf  Tons    • 

18t0    Zinc  or  Spelter  28,775    Zinc  Ore  44,568  Oxide  of  Zinc    2,328 

1871    <hrttdd  Zinc  20,929    Ditto  29,418  Manufactured    8,765 

&F0BT8. 

1870  Zina3ritash&  Foreign  10,331      ...  ...    OndeofZinc    1,385 

1871  Ditto  ditto  6,452    Zinc  ore         1^4  —  —      , 

*  In  13  out  of  16  analyses  of  blende  from  difibrent  localities  recorded  by  Bammols^ 
berg,  iron  is  present  in  proportions  varying  from  1*18  to  18*1  per  cent  Copper  ooca<i 
iSofally  occurs  ^n-blende;  butr  rarely  above  i  per  4^ent»  >  Oadnuum  is  a. frequent  if  not 
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a  general  constituent  of  blende.  T|ie  cadmifeious  yarieties  are  t^mod  Przibramite. 
The  blende  from  the  King  William  mine  at  Claustiial  contains,  according  to  Kidile- 
mann,  0*63  per  cent,  of  antimony,  0*79  o|  cadmium,  and  0*13  of  copper,  besides  1*18 
of  iron.  Blende  is  met  with  in  assodataon  with  galena,  iron-pyrites  and  copper-p]^- 
rites,  from  which  it  should  be  dressed  as  clean  as  ^sible,  although  in  this  there  is 
some  difficulty,  owing  to  the  very  dose  approximation  of  the  specific  gravities  of  these 
oresfc  Blende  is  occasionally  argentiferous,  and  sometime^  suffidently  so  to  allow  of 
the  profitable  extraction  of  the  silver.  In  one  of  the  mines  in  the  Ohivorton  district, 
near  Truro,  Cornwall,  some  very  fine  examples  of  this  argentiferous  blonde  have  been 
discovered.  In  one  of  the  zinc  ores  of  Silesia,  the  new  metal  Indium  has  boon  dis- 
oov^^  by  the  aid  of  spectarum  analysis.  Plattner  states  that  blende  occasionally 
contains  traces  of  tin  and  manganese.— (jRm^#  MetaUurgy,)  The  red  varieties  of 
blende  often  contain  from  2  to  3  per  oent.  of  sulphide  of  cadmium,  espedally  that 
which  is  found  at  Marmato,  near  Popayan.  Dana  has  quoted  the  following  analyses  of 
varieties  <tf  blende : — 


Carinthia     * 
New  Hampshire  . 
New  Jersey 
Tuscany 

Sulphur 

Zino 

Iron 

Cftdxnifun 

82*10 
82*  6 
32-22 
8212 

64*22 
5200 
67-46 
48*11 

1*32 
10*0 

li"44 

trace 

3-2 

trace 

1-23 

See  I2n>n7ic ;  Habm^titb. 

a&BV  DB  &TOV8.    See  AmLDne-BLUB. 

8&BVDBVASIS.    See  Amiunb-Blxte. 

B&ZOBT.  A  disease  in  plants  firequently  produced  by  atmospheric,  or  by  physical 
agendes.  A  peculiar  blight  has  been  referred  to  the  actjon  of  the  extra-spectral  heat 
rays.  Blight  is  sometimes  of  insect  origin,  but  more  frequently  it  arises  from  parasitic 
fuBgi.    See  Fabathbbmio  Bats  and  Fukgi. 

BZbZNSi  coA&y  a  name  given  to  anthradte  in  some  partis  of  Scotland.     See  Air- 

THBACITB* 

B&ZBTBB  OOVVBB-OBB.  A  botryddal  variety  of  copper-pyrites,  which 
has  been  found  at  the  copper  mines  in  the  neighbourhood  of  CamDome,  in  remark- 
ably fine  masses.  Of  late  years  it  has  been  but  rarely  found  in  those  mines.  See 
Coffer. 

BUESTBB-BTBB&s  Bars  of  steel  which  exhibit  blister-like  protuberances. 
SeeSTBBL. 

a&OOX  MAVUVAOTUBB.  Though  the  making  of  ships'  blodcs  belongs 
rather  to  a  dictionary  of  engineering  than  of  manufactures,  St  may  be  expected  that 
some  account  should  be  given  of  the  automatic  machinery  for  making  blodcs,  so  ad- 
mirably devised  and  mounted  by  Sir  M.  L  Brunei,  for  the  British  Navy,  in  the  dock- 
yard <?  Portsmouth. 

The  series  of  machines  and  operations  are  as  follows : — 

1.  Tke  straight  cross-etittrng  saw, — ^The  log  is  placed  horizontally  on  a  very  low 
bench,  whidi  is  continued  through  the  window  of  the  mill  ihto  the  yard.  The  saw 
is  exactly  over  the  place  where  the  log  is  to  be  divided.  It.  is  let  down,  and  sufiferod 
to  rest  with  its  teeth  upon  the  log,  the  back  still  being  in  the  deft  of  the  guide.  The 
crank  being  set  in  motion,  the  saw  redprocates  backwards  and  forwards  with  exactly 
the  same  motion  as  if  worked  by  a  carpenter,  and  quiddy  cuts  through  the  tree. 
When  it  first  begins  to  cut,  its  back  is  in  the  deft  in  the  guide,  and  this  causes  it  to 
move  in  a  straight  line ;  but  before  it  gets  out  of  the  guide,  it  is  so  deep  in  the  wood 
as  to  guide  itself ;  for,  in  cutting  across  the  grain  of  the  wood,  it  has  no  tendency  to  be 
diverted  firom  its  true  line  by  the  irregular  grain.  When  the  saw  has  descended 
through  the  tree,  its  handle  is  caught  in  a  fixed  stop,  to  prevent  its  cutting  the  bench. 
The  machine  is  thrown  but  of  gear,  the  attendant  lifts  up  the  saw  by  a  rope,  removes 
the  block  cut  ofif,  and  advances  the  treb  to  receive  a  firesh  cut. 

2.  7%e  ei9*eular  cross-ctUOng  saw, — This  saw  possesses  universal  motion ;  but  the 
axis  is  always  parallel  to  itself,  and  the  saw  in  the  same  plane.  It  can  be  readily 
raised  or  lowered,  by  inclining  the  upper  frame  on  its  axis ;  and  to  move  it  sidewise, 
the  saw-ftame  must  swing  sidewise  on  its  joints  which  connect  it  with  the  upper  frame. 
These  movements  are  efibcted  by  two  winches,  each  ftimished  with  a  pair  of  equal 
pinions,  working  a  pair  of  radks  fixed  upon  two  long  poles.  The  spindles  of  these 
winches  are  fixMl  in  two  vertical  posts,  which  support  the  axis  of  t)ie  upper  frame. 
One.  of  these  pairs  of  poles  is  jointed  to  the  extreme  end  of  the  upper  frame ;  there-: 
fore,  by  taming  the  handle  belonging  to  them,  the  frame  and  saw  are  elevated«oc  de-. 
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pressed ;  in  like  mnnner,  the  other  pair  is  attached  to  the  lower  part  of  the  sair-fzame, 
00  that  the  saw  can  be  moved  sidewise  by  means  of  their  hanmes,  which  Uien  swing 
the  saw  from  its  vertical  position. 

TheBe  two  handles  give  the  attendant  a  complete  command  of  the  saw,  which  we 
suppose  to  be  in  rapid  motion,  the  tree  being  brought  forward  and  properly  fixed.  By 
one  handle,  he  draws  the  saw  against  one  side  of  the  tree,  which  is  thus  cut  into  (per- 
hnps  half  through) ;  now,  by  the  other  handle,  he  raises  the  saw  up,  and  by  the  firsts 
mentioned  handle  he  (h*aw8  it  across  the  top  of  the  tree,  and  cuts  it  half  through  from 
the  upper  side ;  he  then  depresses  the  saw  and  cuts  half  through  the  next  side ;  and 
lastly  a  trifling  cut  of  the  saw,  at  the  lower  side,  completely  divides  the  tree,  which  is 
then  advanced  to  take  another  cut. 

7%e  great  reciprocating  saw  is  on  the  same  principle  as  the  saw-mill  in  common  use 
in  America. 

8.  The  circular  ripping  bow  is  a  thin  circular  plate  of  steel,  with  teeth  similar  tA 
those  of  a  pit  saw,  formed  in  its  periphery.  It  is  fixed  to  a  spindle  placed  horizontally) 
at  a  small  distance  beneath  the  surface  of  a  bench  or  table,  so  that  the  saw  projects 
a  few  inches  above  the  bench  through  a  crevice.  The  spindle  being  supported  in 
proper  collars  has  a  rapid  rotatory  motion  communicated  to  it  by  a  pulley  on  the  oppo- 
site end,  round  which  an  endless  strap  is  passed  fVom  a  drum  placed  overhead  in  the  mill. 
The  block  cut  by  the  preceding  machine  firom  the  end  of  the  tree  is  placed  with  one 
of  the  sides  flat  upon  the  bench,  and  thus  slides  forward  against  the  revolving  saw, 
which  cuts  the  wood  with  a  rapidity  incredible  to  any  one  who  has  not  seen  these  or 
similar  machines. 

4.  .BorM^-moeAtfi^.— The  blocks  prepared  by  the  foregoing  saws  are  placed  in  the 
machine  represented  in  fig,  140.  This  machine  has  an  iron  frame,  a  a,  with  threti 
logs,  beneath  which  the  block  is  introduced,  and  the  screw  near  b  being  foroed  down 
upon  it,  confines  it  precisely  in  the  proper  spot  to  receive  the  borers  d  and  e.  Thiii 
spot  is  determined  by  a  piece  of  metal  fixed  perpendicularly  just  beneath  the  point  of 
the  borer  s,  shown  separatelv  on  the  ground  at  x ;  this  piece  of  metftl  a4]ust8  the 
position  for  the  borer  d,  and  its  height  is  regulated  by  resting  on  the  head  of  the 
screw  4r,  which  &sten8  the  piece  x  down  to  the  frame.    Tlie  sides  of  the  block  are 


kept  in  a  parallel  position,  by  being  applied  against  the  heads  of  three  screws  tapped 
bto  the  double  leg  of  the  frame  a«    The  borer  i>  Ss  adapted  to  bore  the  hole  for  the 
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centre-pin  in  a  direction  exactly  pezpendicuiar  to  the  surface  resting  against  tlie  three 
screws ;  the  other,  at  s,  perfonites  the  holes  for  the  commencement  of.  the  sheave 
holes.  Both  borers  are  constructed  in  nearly  the  same  manner;  they  are  screwed 
upon  the  ends  of  small  mandrels,  mounted  in  frames' similar  to  a  lathe.  Those  frames^ 
o  and  K,  are  fitted  with  sliders  upon  the  angular  edges  of  the  flat  broad  bars,  i  and  k« 
The  former  of  these  is  screwed  fut  to  the  frame ;  the  latter  is  fixed  upon  a  frame  of 
Its  own,  moving  on  the  centre-screws  at  l  l^  beneath  the  principal  fiime  of  the  ma* 
chine.  By  this  means  the  1x>rer  B  can  be  moved  within  certain  limits,  so  as  to  bora 
holea  in  <}]fferont  positions.  These  limits  are  determined  by  two  screws,  one  of  which 
18  seen  at  a ;  the  other^  being  on  thi»  opposite  side,  is  invisible.  They  are  tapped 
through  fixed  pieces  projecting  up  iiom  the  frame.  A  projecting  piece  of  metal  m>m 
the  underside  of  the  slider  x  of  the  borer  b,  stops  against  the  ends  of  these  screws* 
to  limit  the  excursion  of  the  borer.  The  frames  for  both  borers  are  brought  up  to« 
wards  the  block  by  means  of  levers  x  and  y.  These  are  centred  on  a  pin,^  at  the  pp- 
i)6site  sides  of  the  frame  of  the  machine,  and  have  obbng  grooves  through  them, 
which  receive  screw-pins,  fixed  into  the  frames  o  and  h,  beneath  the  pulleys  p  p,  which 
give  motion  to  the  spindles. 

5.  The  moirtising-machine  is  a  beautiful  piece  of  mechanism,  but  too  complicated  for 
descriptjon  within  the  limits  presmbed  to  this  article. 

6.  The  eomersaw^Jig.  141,  consists  of  a  mandrel  mounted  in  a  frame  jl,  and  carrying 
a  circular  saw,  l,  upon  the'  extreme  end  of  it.  This  maudrel  and  its  frame  beiitt 
Exactly  sfmilar  to  those  at  q  and  E»  fi^.  140,  do  not  re^^uire  a  separate  view,  although 
they  are  hidden  behind  the  saw',  except  the  end  of  the  screw,  marked  a.  This,  framq^ 
is  screwed  down  upon  the  frame  b  b  of  the  machine,  which  -is  supported  upon  four 
coliunns.  c  c,  d  d,  is  an  inclined  bench,  or  a  kind  of  trough,  in  whicn  a  block  is  laid, 
as  at  B,  being  supported  on  its  edge  by  the  plane  c  c  of  this  bench,  and  its  end  kept 
up  to  its  position  by  the  other  part  of  the  bench  d  d.  , 

By  slioing  the  block  along  this  bench,  it  is  applied  to  the  saw,  which  cuts  off  its, 
angles,  as  is  evident  from  the  figure,  and  prepares  it  for  the  shaping  engine.  All  tha 
four  angles  are  cut  off  in  succession*  by.  applying  its  difierent  sides  to  the  trough  or 
bench.  In  the  fi£[ure,  two  of  them  are  drawn  as  bei^-  cut,  and  the  third  is  just  marked 
by  the  saw.  '  This  macSiine  is  readily  adapted  to  difiSrent  sices  of  blocks,  by' the  simple 
expedient  of  laying  pieces  of  wood  of  di£nient  thickness  against  the  plane  d  d,  so  as  to 

fill  it  up,  and  keep  the  blodk  nearer  to 
or  farther  &om  tne  saw ;  for  all  the 
blocks  are  required  to  be  cut  at  the 
same  angle,  though,  of  course,  a 
larger  piece  ip  to  be  cut  fh>m  largo 
than  from  small  blocks.  The  block 
reduced  to  the:  state  of  e  is  now  taken 
to 

7.  The  iha^ing-machine, — A  great 
deal  of  the  apparent  complication  of 
this  figure  arises  from  the  iron  cage 
which  is  provided  to  defend  the  work- 

^  men,  lest  the  blocks,  which  are  re- 
.  volvinginthecircle^or  chuckwithan 
'  immense  velodty,  should  be  loosened 
by  the  action  of  the  tool,  and  fiy  out 
by  their  centrifugal  force.  Without 
this  provision,  the  consequences  of 
such  an  accident  would  be  dreadfiil, 
as  the  blocks  would  be  projected  in 
all  directions,  with  an  inconceivable 
force. 

8.  The  sooring-enffine  receives  two 
blocks  as  they  come  from  the  shaping- 

.    engine,  and  forms  the  groove  round 

^   the  longest  diameters  for  the  reception 

of  their  ropes  or  straps,  as  represented 

in  the  two  snatch  blocks  and  double 

block,  under  >i^«.  140,  141. 

K  B,  fy,  142,  represent  the  above 

two  blocks,  each  held  between  two 

small  mllan  a  (the  other  pillar  is  hid  behind  the  block),  fixed  in  a  strong  plate  d,  and 

prossea  against  tibe  pdllars  by  a  screw  6,  which  acts  on  a  clamp  d.    Over  the  blocks  a 

pair  of  arctthir  pUnes  or  cattezB,  b  b.  an  sitnatod,  both^  bdqg  fixed  on  the  am^ 
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•pindle,  which  is  turned  by  a  pulley  iu  the  middle  of  it.  The  spindle  is  fitted  in  a 
frame  f  f,  moving  in  centres  at «  e,  so  as  to  rise  and  fall  when  moved  by  a  handle/. 
This  brings  the  cutters  down  upon  the  blocks ;  and  the  depth  to  which  they  can  cut 
is  regulated  by  a  curved  shape  a,  fixed  by  screws  upon  the  plate  d,  between  the 
blocks.  Upon  this  rests  a  curved  piece  of  metal  hy  fixed  to  the  frame  f,  and  inclosing, 
but  not  touching,  the  pulley.  To  admit  the  cutters  to  traverse  the  whole  length  of 
the  blocks,  the  plate  d  (or  rather  a  frame  beneath  it)  is  sustained  between  the  points 
of  two  centres.  Screws  are  seen  at  /,  on  these  centres.  The  frame  inclines  when  the 
handle^  i<  is  depressed.  At  x  is  a  lever  with  a  weight  at  the  end  of  it,  counter- 
balancing the  weight  of  the  blocks,  and  plate  d,  all  which  are  above  the  centre  on 
which  they  move.  The  frame  f  is  also  provided  with  a  counterpoise  to  balance  the 
cutters,  &c  The  cutters  b  b  are  circular  wheels  of  brass,  with  round  edges.  Each 
has  two  notches  in  its  circumference,  at  opposite  sides ;  and  in  these  notches  chisels 
are  fixed  by  screwsr  to  project  beyond  the  nm  of  the  wheel,  in  the  manner  of  a  plane- 
iron  before  its  face. 

This  machine  is  used  as  follows : — In  order  to  fix  the  block,  it  is  pressed  between 
the  two  pins  (only  one  of  which,  at  a,  can  be  seen  in  this  view),  and  the  clamp  d^ 
screwed  up  against  it,  so  as  just  to  hold  the  block,  but  no  more.  The  clamp  has  two 
claws,  as  is  seen  in  the  figure,  each  Aimished  with  a  ring  entering  the  double  prints 
previously  made  in  the  end  of  the  block.  These  rings  are  partly  cut  away,  leaving 
only  such  a  segment  of  each  as  will  just  retain  the  block,  ana  the  metal  between  them 
is  taken  out  to  admit  the  cutter  to  operate  between  them,  or  nearly  so.  In  putting 
the  blocks  into  this  machine,  the  workman  applies  the  double  prints  to  the  ends  of 
the  claws  of  the  clamps,  but  takes  care  that  the  blocks  are  higher  between  the  pins  a 
than  they  should  be ;  he  then  takes  the  handle  /,  and  by  it  presses  the  cutters  b  h 
(which  we  suppose  are  standing  still)  down  upon  the  blocks,  depressing  them  between 
their  pins  at  the  same  time,  till  the  descent  ^  the  cutters  is  stopped  by  the  piece  h 
resting  on  the  shajpe  g.  He  now  turns  the  screws  &  6,  to  fix  the  blocks  tight.  The 
cutters  bein^  put  in  motion  cut  the  scores,  which  will  be  plainly  seen  by  the  mode  of 
a4JU8tment  just  described,  to  be  of  no  depth  at  the  pin-hole ;  but  by  depressing  the 
handle  l,  so  as  to  incline  the  blocks,  and  keeping  the  cutters  down  upon  their  shape  ^, 
by  the  handle  /,  they  will  cut  any  depth  towards  the  ends  of  the  blocks,  which  the 
snape  g  admits. 

By  this  means  one  quarter  of  the  score  is  fonned ;  the  other  is  done  by  turning  both 
blocks  together  half  round  in  this  manner.  The  centres  /  are  not  fitted  into  the  plate  d 
itself,  but  into  a  frame  seen  at  b  beneath  the  plate,  which  is  connected  with  it  by  a 
oentre-pin,  exactly  midway  between  the  two  blodcs  i.  b.  A  spring-catch,  the  end  of 
which  IS  seen  at  r,  confines  them  together ;  when  this  catch  is  pressed  back,  the  plate 
D  can  be  turned  about  upon  its  oentre-pin,  so  as  to  change  the  blocks,  end  for  end,  and 
bring  the  unscored  quarters  (t. «.  over  the  clamps)  beneath  the  cutters ;  the  workman 
taking  the  handles  /and  l,  one  in  each  hand,^  and,  pressing  them  down,  cuts  out  the 
second  quarter.  This  might  have  been  eflboted  by  simply  lifting  up  the  handle  i.; 
but  in  tmt  case  the  cutter  would  have  stmok  against  the  grain  of  the  wood  so  as  to 
cut  rather  roughly ;  but  by  this  ingenious  device  of  reversing  the  blocks,  it  always 
cuts  dean  and  smooth,  in  the  direction  of  the  grain.  The  third  and  fourth  quarters 
of  the  score  are  cut  by  turning  the  other  sides  of  the  blocks  upwards,  and  repeating 
the  above  operation.  The  shape  g  can  be  removed,  and  another  put  in  its  place,  for 
different  sixes  and  onrree  of  blocks ;  but  the  psuB  a  and  holding-clamps  d  will  suit 
many  difibrent  sixes. 

By  these  machines  the  shells  of  the  blocks  are  completely  formed,  and  they  are 
next  polished  and  finished  by  hand  labour ;  but  as  this  is  performed  by  tooU  and 
methods  which  are  well  known,  it  is  needless  to  enter  into  any  Mcplanation :  the 
finishing  required  being  only  a  smoothing  of  the  surfaces.  The  machines  cut  so  per- 
iiBctly  true  as  to  require  no  wood  to  be  zemored  in  the  flniflhfng ;  but  as  they  cut 
without  regard  to  the  irregularity  of  the  gzain,  knots,  &c.»  it  happens  that  many  parts 
are  not  so  smooth  as  might  be  wished,  and  for  this  purpose  manual  labour  alone  can 
be  employed. 

The  lignum  vitse  for  the  sheaves  of  the  blocks  is  cut  across  the  grain  of  the  wood 
by  two  cross-cutting  saws,  a  dicular  and  straight  saw,  as  before  mentioned.  These 
machines  do  not  essentially  differ  in  their  principle  from  the  great  cross-cutting  saws 
we  have  described,  except  that  the  wood  revolves  while  cutting,  so  that  a  small  saw 
will  reach  the  centre  of  a  large  tree,  and  at  the  same  time  cut  it  truly  fiat.  These 
machines  cut  off  their  plates  fhmi  the  end  of  a  tree  which  are  exactly  the  thickness  for 
the  intended  sheave.  These  pieces  are  of  an  izregular  figure,  and  must  be  rounded 
and  centred  in  the  crown  saw, 

9.  The  crown  mw  is  represented  in  fig,  148  (p.  402),  iHme  A  is  a  poUey  levolviiig 
by  means  of  an  endless  itzap.   It  has  tne  crown  oc  trepan  mw  a-  flxod  td^  it|  bj  a  ' 
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screw  cat  within  the  piece,  upon  which  the  saw  is  fixed,  and  which  gives  the  ring  or 
hook  of  the  saw  sufficient  stability  to  perform  its  office.  Both  the  pulleys  and  saw 
revolve  together  upon  a  truly  cylindrical  tube  b,  which  is  stationary,  being  attached  by 
a  flanch  c  to  a  fixed  puppet  b,  and  on  this  tube  as  an  axis  the  saw  and  pulley  turn, 

and  may  be  slid  endwise  by  a  collar 

**  fitted  round  the  centre-piece  of  the  pulley, 

and  having  two  iron  rods  (only  one  of 

which  can  be  seen  at  d  in  the  figure), 

passing  through  holes  made  throu^  the 

fianch  and  puppet  b.    When  the  saw  is 

drawn  back  upon  its  central  tube,  the 

end  of  the  latter  projects  beyond  the 

teeth  of  the  saw.    It  is  by  means  of  this 

fixed  ring  or  tube  within  the  saw,  that 

the  piece  of  wood  e  is  supported  together 

during  the  operation  of  sawing,  being 

pressMl  forcibly  against  it  by  a  screw  d, 

acting  through  a  puppet  fixed  to  the 

frame  of  the  machine.    At  the  end  of 

this  screw  is  a  cup  or  basin  which  applies 

itself  to  the  piece  of  wood,  so  as  to  form 

a  kind  of  vice,  one  side  being  the  end  of 

the  fixed  tube,  the  other  the  cup  at  the  end 

of  the  screw  d.    Within  the  tube  6  is  a 

collar  for  supporting  a  central  axis,  which 

is  perfectly  cylindricaL    The  other  end  of  this  axis  (seen  at  /)  turns  in  a  collar  of 

the  fixed  puppet  b.    The  Central  axis  has  a  pulley  f,  fixed  on  it,  and  giving  it  motion 

by  a  strap  simihtr  to  the  other.    Close  to  the  latter  pulley,  a  collar  ff  is  fitted  on  the 

centre-piece  of  the  pulley,  so  as  to  slip  round  fireely,  but  at  the  same  time  confined 

to  move  endwise  with  the  pulley  and  its  collar.    This  collar  receives  the  ends  of  the 

two  iron  rods  d.    The  opposite  ends  of  these  rods  are,  as  above  mentioned,  connected 

by  a  similar  collar  with  the  pulley  ▲  of  the  saw  a.    By  this  connection,  both  the 

centre-bit,  which  is  screwed  into  the  end  of  the  central  axis  ^,  and  the  saw  sliding 

upon  the  fixed  tube  b,  are  brought  forward  to  the  wood  at  the  same  time,  both  being 

in  rapid  motion,  by  their  respedave  pulleys. 

10.  The  coakmg-engine, — ^This  ingenious  piece  of  machinery  is  used  to  cut  the  three 
semicircular  holes  which  surround  the  hole  bored  by  the  crown  saw,  so  as  to  produce 
a  cavity  in  the  centre  of  the  disc 

11.  Faoe-ttarmng  lathe, — The  sheave  is  fixed  against  a  fiat  chuck,  similar  to  that  in 
the  coaking-engine,  except  that  the  centre-piii,  instead  of  having  a  nut,  is  tapped  into 
the  flat  chuck,  and  turned  by  a  screw-driver. 

A  complete  set  of  this  block  machinery  has  since  been  made,  by  Messrs.  Maudslay 
and  Fiela,  for  the  Spanish  Government,  from  the  original  drawings  and  models. 

Iron  blocks  and  sheaves  have  been  introduced  with  great  advantage  by  Messrs. 
Brown  and  Lenox,  and  are  used  extensively  in  the  naval  and  merchant  services.  See 
Ibok. 

BXiOOX  TZV.  Metallic  tin  cast  into  a  block,  the  weight  of  which  is  now  about 
3^  cwts.  Formerly,  when  it  was  the  custom  to  carry  the  blocks  of  tin  on  the  backs  of 
mules,,  the  block  was  regulated  by  what  was  then  considered  to  be  «  load  for  the  mule, 
at  2^  cwts.  Subsequently,  the  block  of  tin  was  increased  in  size,  and  made  as  much 
as  two  men  could  lut,  or  3  cwts.  It  was  the  custom  to  order  so  many  blocks  of  tan, 
and  the  smelter,  being  desirous  of  selling  as  much  tin  as  possible,  continued  to  in- 
crease the  size  of  the  block,  so  that,  although  3^  cwts.  is  the  usual  weight,  many 
blocks  are  sold  weighing  3}  cwts.  The  term  is  alsaapplied  to  articles  made  of  tinned 
iron.    See  Tin. 

BXiOVB  BCBTA&.  A  Clayband  ironstone  found  near  Wednesbury,  It  is  used, 
when  smelted,  for  making  tools. 

BXiOOB.  {Satifft  Fr. ;  Blut,  Ger.)  The  liquid  which  circulates  in  the  arteries 
and  veins  of  animals ;  bright  red  in  the  former  and  purple  in  the  latter,  among  all 
the  groups  whose  temperature  is  considerably  higher  than  that  of  the  atmosphere.  Its 
specific  gravity  varies  with  the  nature  and  health  of  the  animal,  being  from  1*0527  to 
10570  at  60°  F.  It  has  a  saline  sub-nauseous  taste,  and  a  smell  peculiar  to  each 
animal.  It  consists  of  a  transparent,  nearly  colourless  liquid,  called  the  liqvor  ean- 
guiniSf  or  platma,  in  which  vast  numbers  of  microscopic  corpuscles  are  suspended. 
These  corpuscles  are  of  two  kinds,  some  being  white  or  ooUmrUee  transparent  cells, 
whiUt  (Others,  fSur  more  numerous,  are  of  a  r^  tint,  and  impart  the  characteristic 
ooloiir  to  the  blood.    The  red  oorposelefl  are  present  only  in  the  blood  of  vertebrated 
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animals,  and  msj  considerably  in  sise  and  shape  in  difibrent  gronps  of  the  yertebzata. 
They  are  always,  however,  flattened  disc-like  bodies,  oval  or  circular  in  outline,  and 
with  or  without  a  nucleus.  These  corpuscles  consist  apparently  of  an  albuminoid 
substance,  enclosing  a  red  fluid.  This  fluid  is  now  recognised  as  a  definite  crystallisable 
compound,  contaimng  iron,  and  termed  h(8mofflobin,  harMgiobulin  or  kamatogMnUin. 
Haemoglobin  may  be  resolved  into  two  substances  called  globulin  and  hamatin.  The 
so-called  blood-ciystals  vary  in  shape,  and  are  in  many  cases  characteristie  of  the 
am'mal  from  which  the  blood  was  taken.  The  hsemoglobin  of  the  dog  has  been  found 
to  contain — 

.Carbon        * 53*85 

Oxygen 21*84 

Hydrogen ^        .        .  7*82 

Nitrogen     .       • 16*17 

Sulphur      •        .        »        V        k        •        •        •  0*39 

Izon   •»•»•••••  0*43 

100*00 
The  liqitor  sanguinis,  or  colourless  liquid  in  which  the  corpuscles  freely  float, 
contains  flbrin  for  rather  two  albuminous  substances  which  readily  form  fibrin,  and 
are  called  jDoro^o^u/tn  und  fibrinogen),  albumen,  fatty  matter,  and  certain  saline  sub- 
stances. On  &e  coagulation  of  blood,  the  fibrin  separates  in  a  gelatinous  form, 
carrying  with  it  the  red  corpuscles ;  this  mixture  of  fibrin  and  corpuscles  forms  the 
dot,  or  crassaTnentum,  whilst  the  remainder  of  the  blood  constitutes  the  liquid  known 
as  serum.  If  the  warm  blood  be  switched  with  a  bundle  of  twigs  as  it  fiows  fh>m  the 
veins,  the  fibrin  concretes  and  forms  long  fibres  and  knots,  wSle  it  retains  its  usual 
appearance  in  other  respects.  The  clot  contains  fibrin  and  colouring-matter  in  various 
proportions.  Berzelius  found,  in  100  parts  of  the  dried  clot  of  blood,  85  parts  of 
fibrin,  58  of  colouring-matter,  1*8  of  carbonate  of  soda,  4  of  an  animal  matter  soluble 
in  water,  along  with  some  salts  and  &t.  The  specific  gravity  of  the  serum  varies  from 
1*027  to  1*029.  It  forms  about  three-fourths  of  the  weighs  of  the  blood,  has  an 
alkaline  reaction,  coagulates  at  157^  F.  into  a  gelatinous  mass,  and  has  for  its  leading 
constituent  albumen  to  the  amount  of  8  per  cent.,  besides  fat,  potash,  soda,  and  salts 
of  these  bases.  Blood  does  not  seem  to  contain  any  gelatine.  Fat  and  sugar  are 
found  in  blood,  the  quantities  varjring  with  the  health  of  the  animal.  For  a  very  full 
account  of  the  researches  made  by  chemists  on  blood,  see  *  Watts's  Dictionary  of 
Chemistry.' 

The  red  colouring-matter  called  hematosine  may  be  obtained  from  the  cruor,  or 
hemoglobin,  by  wauiing  with  cold  water  and  filtering.  Flrofessor  Stokes,  in  a  paper 
*  On  the  Seduction  and  Oxidation  of  the  Colourinf-MaUer  of  the  Blood,*  has  pubUshed 
some  very  curious  results.  By  spectrum-analysis  he  has  been  led  to  infer  that  the 
colouring-matter  of  blood,  like  indigo,  is  capable  of  existing  in  two  states  of  oxida- 
tion, distinguishable  by  a  diflerence  ci  colour  and  a  fhndamental  difference  in  Uie  action 
on  the  spectrum.  It  may  be  made  to  pass  from  the  more  to  the  less  oxidised  state,  by 
the  action  of  suitable  reducing  agents,  and  recovers  its  oxygen  by  absorption  fh>m 
the  air.  This  colouring-matter  m  its  two  states  of  oxidation,  Professor  Stokes 
proposes  to  call  scarlet  oruorine  and  purple  cruorine, — Proceedings  of  the  Royal  Society, 
vol  xiii.  p.  855  (1864). 

Mr.  Sorby  has  also  published  in  the  <  Quarterly  Journal  of  Science'  No.  YI.,  April 
1865,  a  paper  '  On  the  Detection  of  Blood  Stains  by  Spectrum-Analysis,*  in  which  he 
shows  how  it  may  be  employed  with  great  reliance  in  cases  of  the  highest  judicial 
importance.    These  two  papers  should  h^  consulted. 

Blood  may  be  dried  by  evaporation  at  a  heat  of  130^  to  140^,  and  in  this  state  has 
been  transported  to  the  colonies  for  purifying  cane-juice.  It  is  used  for  making 
animal  charcoal  in  the  Prussian-blue  works,  and,  by  an  after-process,  a  decolouring 
carbon.    It  is  employed  in  some  Turkey-red  dye-works.    Blood  is  a  powerful  manure. 

Mr.  Pillans,  in  1854,  took  out  a  patent  for  the  separation  of  the  colouring-matter  of 
the  blood,  by  which  he  obtained  readily — 1st,  the  dot,  in  a  comparatively  dzy  state, 
comprising  hsematosine,  with  a  portion  of  serum  and  all  the  fibrin ;  2nd,  a  portion  of 
serum,  highly  coloured  with  hsematosine ;  8id,  the  clear  serum. 

The  blood,  in  small  fragments,  is  dried  on  wirework  or  tufays,  at  a  less  temperature 
than  will  coagulate  the  hematosiue,  so  that,  when  dry,  it  may  be  soluble  in  water ; 
110^  to  115°  is  the  temperature  recommended. 

The  clear  serum  is  dried  and  ground  and  in  a  fit  state  to  be  used  as  albumen,  and 
may  be  employed  by  the  printers  of  textile  fabrics  for  fixing  ultramarine  blue  and 
other  colours,  or  as  a  Bubstitate  for  egg  albumen,  both  in  printing  oolourt  and  in 
refining  Hqmd8» 
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B&OOBSTOVH.  A  very  hard,  oomp&ct  rariety  of  hiematite  iron  ore,  irhieh» 
vhen  reduced  to  a  saitable  form,  fixed  into  a  handle,  and  well  polished,  forms  the  best 
description  of  burnisher  for  producing  a  high  lustre  on  gilt  coat-buttons.  The  gold 
on  china  is  burnished  by  the  same  means. 

Bloodstone  is  a  name  also  applied  to  the  jaspery  variety  of  quartz  known  as  the 
keliotrapef  coloured  deep  green,  with  interspersed  blood-red  spots  like  drops  of  blood. 
B&CIOIC.    The  naiiie  given  to  a  mass  of  iron  after  it  loaves  the  puddhng  furnace. 
Seelnow. 
8&OOMART.    The  old  iron-furnaces  were  so  called. 

B&O'WZVO  MAOXZVa  and  TAMB*    See  Iron,  Hbtaixurot,  VsNTiLiLTiOK. 
a&O'WnVB.    {Chalumeau,»'FT,;d£thpokr,QeT.)'  Jewellers,  mineralogists,  che- 
mists, enamellers,  &c,  make  frequent  use  of  a  tube, — ^usually  bent  near  the  end, — 
terminated  with  a  finely-pointed  nosde,  fer  blowing,  through  the  flame  of  a  lamp, 
candle^  pr  gas-jet^  and  producing  thereby  a  small  conical 
flame  possessing  a  veiy  intense  heat. 
•  The*  blowpipe  is  so  extremely  useful  to  the  manufacturer 
and  to  the  miner  that  a  more  exact  description  of  the  in- 
strument is  required. 

When  we  propel  a  flame  by  means  of  a  current  of  air 
blown  into  or  upon  it,  the  flame  thus  produced  may  be 
divided  into  two  parts,  as  possessing  di£ferent  prop^es 
— that  of  reducing  under  one  condition,  and  of  onditing 
under  another. 

The  reducing  fiame  is  px>duced  by  blowing  the  ordinary 
flame  of  a  lamp  or  candle  simply  aside  by  a  weak  current 
of  air  impinging  on  its  outer  surface ;  it  is  therefore  un- 
chan^^ed  except  in  its  direction.  Unconsumed  carbon,  at 
a  white  heat,  giving  the  yellow  colour  to  the  flame,  coming 
in  contact  with  the  substance  aids  in  its  reduction. 

The  oxidising  flame  is  formed  by  pouring  a  strong  blast 
of  air  into  the  interior  of  the  flame ;  combustion  is  thus 
thoroughly  established,  and  if  a  small  fragment  of  an 
oxidisable  body  is  held  lust  beyond  the  point  of  the 
flame,  it  becomes  intensely  heated,  and,  being  exposed 
freely  to  the  action  of  the  surrounding  air,  it  is  rapidly 
oxidised. 

The  best  form  of  blowpipe  is  the  annexed  (flg,  144^, 
which,  with  the  description,  is  copied  ftom  Bianfords 
excellent  translation  of  Dr,  Theodore  Scheerer's  '  Introduc- 
tion to  the  Use  of  the  Mouth  Blowpipe.' 

The  tube  and  nozzle  of  the  instrument  are  usually  made 
of  German  silver,  or  silver  with  a  platinum  point*  and  a 
trumpet-shaped  mouth-pece  of  horn  or  ivory.  Many  blow- 
pipes have  no  mouth-pieces  of  this  form,  but  are  simply 
tipped  with  ivoiy,  or  some  similar  materiaL  The  air- 
chamber  1.  eerves  in  some  degree  to  regulate  the  blast  and 
receives  the  stem  b,  and  the  nozzle  a,  which  are  made 
separately,  and  accurately  ground  into  it,  so  that  they  may 
be  put  tqy|ether  or  taken  apart  at  pleasure.  The  point  b  is 
beet  made  of  platinum,  to  allow  of  its  being  readily  cleaned, 
and  is  of  the  form  shown  in  the  woodcut    When  the  in- 

strument  is  used,  the  month-piece  is  pressed  against  the 

lips,  or,  if  this  is  wanting,  the  end  of  the  stem  must  be 
held  between  the  lips  of  the  operator.  The  former  mode  is  far  less  wearying  than 
the  latter ;  and  whereas,  with  the  trumpet  mouth-piece,  it  is  easv  to  maintain  a 
continued  blast  for  five  or  ten  minutes,  witnout  it  it  is  almost  impossible  to  sustain  an 
nnbroken  blast  of  more  than  two  or  three  minutes*  duration.  While  blowing,  the 
operator  breathes  through  his  nostrils  only,  and,  using  the  epiglottis  as  a  valve, 
forces  the  air.  through  the  blowpipe  by  means  of  the  cheek  muscles. 

Some  years  since,  Mr.  John  Prideaux,  of  Plymouth,  printed  some  valuable  '  Sug- 
gestions for  the  use  of  the  blowpipe  b^  woiidng  miners.  Some  portions  of  this 
paper  appear  so  useful,  especially  under  circumstances  which  may  preclude  the  use  of 
superior  instruments,  &c,  that  it  is  thought  advisable  to  transfer  them  to  these  pages. 
For  ordinary  metallurgic  assays,  the  common  blowpipe  does  very  well.  A  mere 
tapering  tube,  10  inches  long,  ^  inch  diameter  at  one  end,  and  the  opening  at  the 
other  scarcely  equal  to  admit  a  pin  of  the  smallest  kind,  the  smaller  end  curv^  off  for 
14  inch  to  a  right  angle.    A  bulb  at  the  bend,  to  contain  the  vapour  condensed  from 
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tlie  breath,  is  useful  in  long  operations,  but  may  generally  be  dispensed  with.  In 
selecting  the  blowpipe,  the  small  aperture  should  be  chosen  perfectly  round  and 
smooth,  otherwise  it  will  not  command  a  good  flame. 

A  common  candle,  such  as  the  miner  employs  under  ground,  answers  very  well  for 
the  flame. 

To  support  the  subject  of  assa^r,  or  *  the  assay,*  as  it  has  been  happily  denomi- 
nated by  mr.  Children,  two  diflTerent  materials  are  requisite,  according  as  we  wish  to 
calcine  or  reduce  it.  For  the  latter  purpose,  nothing  is  so  good  as  clmrcoal ;  but  that 
from  oak  is  less  eligible,  both  from  its  inferior  combustibility  and  from  its  containing 
iron,  than  that  from  alder,  willow,  or  other  light  woods. 

For  calcination,  a  yery  convenient  support,  where  platinum  wire  is  difficult  to  pro- 
cure, is  white-baked  pipe-day  or  china-clay,  selecting  such  as  will  not  fuse  nor  become 
coloured  by  roasting  with  borax. 

The  supports  are  conyeniently  fbrmed  by  a  process  of  Mr.  Tennant  The  clay 
is  to  be  beaten  to  a  smooth  stiflfbody  ;  then  a  thin  cake  of  it  being  placed  between  a 
fold  of  writing-paper,  it  is  to  be  beaten  out  with  a  mallet  to  the  t^ckness  of  a  wafer, 
and  cut,  paper  and  aU,  into  squares  of  Jths  inch  diameter,  or  triangles  about  the  same 
size.  These  are  to  be  put  in  the  bowl  of  a  tobacco-pipe,  and  heated  gently  till  dry, 
then  baked  till  the  paper  is  burnt  away,  and  the  chty  left  perfectly  white.  They 
should  be  baked  in  a  clear  fire,  to  keep  out  coal  dust  and  smoke  as  much  as  possible, 
as  either  of  these  adhering  to  the  clay  plates  would  colour  the  borax  in  roasting.  A 
small  fragment  of  the  bowl  of  a  new  tobacco-pipe  will  senre  instead  in  the  absence  of 
a  more  convenient  material. 

A  simple  pair  of  forceps  (Jig,  145),  to  move  and  to  take  up  the  hot  assay,  may  be  made 
of  a  slip  of  stiff  tin  plate,  8  inches  long,  |  inch  wide  in  the  middle,  and  ^^  inch  at  the 
ends.  The  tin  being  rubbed  off  the  points  on  a  rough  whetstone,  the  slip  is  to  be 
bent  until  they  approach  each  other  within  ^  an  inch  and  Uie  two  sides  are  parallel ; 
thus  there  will  be  spring  enough  in  the  forceps  to  open  and  let  go  the  assay  when 
not  compressed  by  the  finger  and  thumb, 
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A  magnetic  needle,  very  desirable  to  ascertain  the  presence  of  iron,  is  easily  made 
of  the  requisite  delicacy  where  a  magnet  is  accessible. '  A  bit  of  thin  steel  wire,  or  a 
long  fine  stocking-needle,  having  ^  inch  cut  of  at  the  point,  is  to  be  heated  in  the 
middle  that  it  may  be  slightly  bent  there  ^fy.  146).  AVnile  hot,  a  bit  of  sealing-wax 
is  to  be  attached  to  tha  centre,  and  the  point  which  had  been  cut  off,  being  heated  at 
the  thick  end,  is  to  be  fixed  in  the  sealing-wax,  so  that  the  sharp  end  may  serve  as  a 
pivot,  descending  about  ^th  inch  below  uie  centre,  taking  care  that  the  ends  of  the 
needle  &11  enough  below  the  pivots  to  prevent  it  overturning.  It  must  be  magnetised, 
by  sliding  one  end  of  a  magnet  half  a  dozen  or  more  times  from  the  centre  to  one  end 
of  the  needle,  and  the  other  end  a  similar  number  of  times  from  the  centre  of  the 
needle  to  its  other  end.  A  small  brass  thimble  (not  capped  with  iron)  will  do  for  the 
support,  the  point  of  the  pivot  being  placed  in  one  of  the  indentations  near  the 
centre  of  the  tap,  when,  if  well  balanced,  it  will  turn  until  it  settles  north  and  souths 
If  one  side  preponderate,  it  must  be  nipped  until  the  balance  be  restored. 

A  black  gun-flint  is  also  occasionally  used  to  rub  the  metallic  globules  (flrst  attached, 
whilst  wanri,  ta  a  bit  of  sealing-wax),  and  ascertain  the  colour  of  the  streak  which 
they  g^ve.  Thus  minute  particles  of  gold,  eopper,  silver,  &c,  are  readily  discriminated. 
A  Ht^e  reflned  borax  and  carbonate  of  soda,  both  in  powder,  will  complete  the 
requisites. 

Having  collected  these  materials,  the  next  object  for  the  operator  is  to  acquire  the 
faculty  of  keeping  up  an  unintermittent  blast  through  the  pipe  whilst  breathing  freely 
through  the  nose. 

A  very  sensitive  and,  for  most  purposes,  sufficiently  delicate  balance  (fifi,  147t  p* 
406)  was  also  devised  by  3Ir.  Prideaux,  of  which  the  following  is  a  description. 

The  common  marsh-reed,  growing  generally  in  damp  places  throughout  the  king- 
dom, will  yield  straight  joints,  from  8  to  12,  or  more,  inches  long ;  an  8-inch  joint 
will  serve,  but  the  longer  the  better.  The  joint  is  to  be  split  down  its  whole  length, 
sa  as  to  form  a  trough,  say  ^  inch  wide  in  Uie  middle,  narrowed  away  to  Jrd  inch  at 
the  ends.    A  narrow  slip  of  writing-paper,  the  thinner  the  better  (bank-post  is  very 
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coDTenient  for  the  purpose),  and  as  long  as  Uie  reed  trough,  is  to  be  stuck  witJi  oommoil 
paste  on  the  face  of  a  carpenter's  rule,  or,  in  preference,  that  of  an  exciseman, — as  the 
inches  are  diyided  into  tenths  instead  of  eighths ; — in  either  case  observing  that  the 
diTisions  of  the  inch  on  the  rule  be  left  uncovered  by  the  paper.  When  it  is  dry, 
lines  must  be  drawn  the  whole  len^  of  it,  }th  inch  apart,  to  mark  out  a  stripe  Ju 
inch  wide.  Upon  this  stripe  the  divisions  of  the  inch  are  to  be  ruled  off  by  means  of 
a  small  square. 

The  centre  divsion  being  marked  0,  it  is  to  be  numbered  at  every  fourth  line  to  the 
ends.  Thus  the  fourth  from  the  centre  on  each  side  will  be  10  ;  the  eighth,  20 ;  the 
twelfth,  30 ;  the  sixteenth,  40,  &c ;  and  a  slip  10  inches  long,  graduated  into 
tenths  of  an  inch,  will  have  on  each  arm  50  lines,  or  125  degrees,  divided  by  these 
lines  into  quarters.  While  the  lines  and  numbers  are  drying,  the  exact  centre  of  the 
reed-trough  may  be  ascertained,  and  marked  riffht  across,  by  spots  on  the  two  edges. 
A  lino  of  gum-water,  ftdl  |th  inch  wide,  is  then  laid  with  a  camel-hair  pencil  along  the 
hollow,  and  the  paper  being  stripped  from  the  rule  (which  it  leaves  easily),  the  gra- 
duated stripe  is  cut  out  with  scissors,  and  laid  in  the  trough,  with  the  line  0  exactly  in 
the  centre.  Being  pressed  to  the  gummed  reed,  by  parsing  the  round  end  of  a  quill 
along  it,  it  graduates  the  trough  from  the  centre  to  each  end.  This  graduation  is  veiy 
true,  if  well  managed,  as  the  paper  does  not  stretch  with  the  gum-water  after  being 
laid  on  the  rule  with  the  paste. 
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A  very  fine  needle  is  next  to  be  procured  (t^ose  called  bead-neodloB  are  the  finest) 
and  passed  through  a  slip  of  cork  the  width  of  the  centre  of  the  trough,  about  jth 
inch  square,  |th  Siick.  It  should  be  passed  through  with  care,  so  as  to  be  quite 
straight.  The  cork  should  then  be  cut  until  one  end  of  it  fits  into  the  trough,  so  that 
the  needle  shall  bear  on  the  edges  exactly  in  the  spots  that  mark  Uie  centre,  as  it  is 
of  importance  that  the  needle  and  the  trough  be  exactly  at  right  angles  with  each 
other.  The  cork  is  now  to  be  fixed  in  its  place  with  gum-water,  and,  when  fast  dry, 
to  be  soldered  down  on  each  side  witli  a  small  portion  of  any  soft  resinous  cement,  on 
the  point  of  a  wire  or  knitting-needle ;  a  little  cement  being  also  applied  in  the  same 
manner  to  the  edges  of  the  cork  whore  the  needle  goes  through,  to  give  it  firmness, 
the  beam  is  finished.  It  may  be  balanced  by  paring  the  edges  on  the  heaviest  side : 
but  accurate  adjustment  is  needless,  as  it  is  subject  to  vary  with  the  dampness  or  dry- 
ness of  the  air. 

The  support  on  which  it  plays  is  a  bit  of  tin  plate  (or,  in  preference,  brass  plate), 
Ifths  inch  long,  and  1  inch  wide.  ^  The  two  ends  are  turned  up  square  §ths  of  an 
inch,  giving  a  base  of  |ths  of  nn  inch  wide,  and  two  upright  sides  |ths  high.  The 
upper  edges  are  then  rubbed  down  snurath  and  square  upon  a  Turkev  stone,  letting 
both  edges  bear  on  the  stone  together  that  they  may  exacUy  correspond.  For  use,  the 
beam  is  placed  evenly  in  the  support,  with  the  needle  resting  across  the  edges.  Being 
brought  to  an  exact  balance  by  a  bit  of  writing-pai>er,  or  any  other  substance,  placed 
on  the  lighter  side,  and  moved  toward  the  end  until  the  equilibrium  is  produced,  it 
will  turn  with  extreme  delicaqr,  a  bit  of  horsehair,  {th  inch  long^  being  sufficient  to 
bring  it  down  freely.  «^ 

It  must  not  be  supposed  that  any  such  instrument  as  this  is  recommended  as  in  any 
way  substituting  the  beautiful  balances  which  are  constructed  for  the  chemist^  and 
others  requiring  to  weigh  with  great  accuracy.  The  obiect  is  merely  to  show  the 
miner  a  m^hod  by  which  he  may  construct  for  himself  a  balance  which  shall  be  suf- 
ficiently accurate  for  such  blowpipe  investigations  as  it  may  be  important  for  him  to 
learn  to  perform  for  himself.  If  the  suggestions  of  the  chemist  who  devised  the  above 
balance  had  been  carried  out,  much  valuable  mineral  jnatter  which  has  been  lost  might 
have  been  turned  to  profitable  account 

The  blowpipe  is  hugely  used  in  manu&ctures,  as  in  soldering,  in  hardening,  and 
tempering  small  tools,  in  glass-blowing,  and  in  enamelling.  In  many  cases  the  blow- 
pipes are  used  in  the  mouth,  but  frequently  they  are  supplied  with  air  from  a  bellows 
moved  by  the  foot,  by  vessels  in  which  air  is  condensed,  or  by  means  of  pneumatic 
apparatus. 

A  simplo  form  of  regulator  for  giving  a  perfectly  constant  blast  has  lately  been 
devised  by  Messrs.  Anmn,  Junge,  and  Mitzopulos,  of  Freiburg.  The  apparatus  is  thus 
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clefl(^nbed :  '  A  common  wide-moaihed  bottle  is  caiefally  fitted  witli  a  caontchono  cork 
bored  mih  two  holes,  into  each  of  which  passes  a  piece  of  glass  tnbe  bent  at  a  right 
angle.  On  to  one  of  these  tubes  is  slipped  the  caontchoac  tnbe  eonung  from  an 
oidinaiy  caoutchouc  bellows,  whilst  the  other  is  put  in  communication  with  the 
blowpipe  nozzle  by  means  of  four  pieces  of  caoutchouc  tubing  joined  by  three  pieces 
of  glass  tube,  drawn  to  a  fine  point  at  each  end.  This  forms  the  main  peculiarity  of 
the  arrangement.  When  air  is  forced  into  the  bottle  by  the  blower  in  jerks,  it  finds 
a  difficidty  in  escaping  as  fast  as  it  comes  in,  on  account  of  the  six  fine  openings  in 
the  glass  tubes  that  it  has  to  pass  through  on  its  way  from  the  bottle  to  the  nozzle, 
and  it  thus  acquires  a  certain  pressure  in  the  bottle,  and  flows  out  towards  the  nozzle 
as  a  regular  blast.  The  bottle  may  be  about  6  inches  high  by  3^  inches  wide,  with  a 
neck  l^  inch  in  diameter;  but  the  dimensions  are  of  no  great  importance.  On  the 
whole  a  somewhat  large  bc^e  is  better  than  a  small  one.  The  pieces  of  glass  tube 
we  employ  are  2  inches  long  by  ^  inch  in  diameter.  The  a|maratus  will  be  stronger 
if  instead  of  a  glass  bottle  a  tin  cylinder  is  used,  about  4  incmes  high  by  2  inches  in 
diameter,  with  two  tin  tubes  opening  into  its  top.  Small  metal  cylinders  with  a  fine 
hole  at  each  end  may  be  used  instead  of  the  little  glass  tubes.* 

Many  blowpipes  haye  been  invented  for  the  emplojinent  of  oxygen  and  hydrogen, 
by  the  combustion  of  which  the  most  intense  heat  which  we  can  produce  is  obtained. 
^K>fe88or  Hare,  of  Philadelphia,  was  the  first  to  employ  this  kind  of  blowpipe,  when 
he  was  speedily  followed  by  Clark,  Gumey,  Leeson,  and  others.  The  blowpipe,  fed 
with  hydrogen,  is  employed  in  many  soldering  processes  with  much  advantage. 

The  genial  form  of  the  *  workshop  blowpipe '  is  that  of  a  tube  open  at  one  end, 
and  supported  on  trunnions  in  a  wooden  pedestal,  so  that  it  may  be  pointed  vertically, 
horizontally,  or  at  any  angle  as  desired.  Common  street  gas  is  supplied  through 
one  hollow  trunnion,  and  it  escapes  through  an  annular  opening,  while  common  air  is 
admitted  through  the  other  trunnion,  which  is  also  hollow,  and  is  dischaiged  in  the 
centre  of  the  h^tlrogen  through  a  central  conical  tube ;  the  magnitude  and  intensity 
of  t^e  fiame  being  determined  by  the  relative  quantities  of  gas  and  air,  and  by  the 
greater  or  less  protrusion  of  the  inner  cone,  by  which  the  annular  space  for  the  hy- 
drogen is  contracted  in  any  required  degree.    »9e  Atttooenous  Sou>bbino. 

BXiVBSSB*  The  c^uliur  membrane  of  the  whale,  containing  the  oil.  See 
Oil. 

BXiVa  OOVVBBA8»  or  BXiVa  BTOKM.  The  commercial  or  common  names 
of  sulphate  of  copper.    See  Copper,  Stjij»hatb  of. 

BXiira  crania  The  Eucalytxu  globulus  (Lab.),  a  tree  common  in  Tasmania  and 
South-Eastem  Australia,  and  valuable  for  its  timber  and  for  the  gum  which  it 
secretes. 

BXiira  XBOV-O&B.    See  VrviAKrTB. 

BXiira  70BV.  A  beautiful  variety  of  fluor  spar,  found  at  Tray  ClifiT,  near  Castle- 
ton,  Derbyshire,  from  which  vases  and  ot^or  ornamental  articles  are  wrought.  It  is 
now  becoming  scarce.    See  Flttob  Spab. 

BXiVa  SAAB.  A  name  used  sometimes  by  the  miners  to  distinguish  galena  from 
the  carbonate,  or  white  lead.  A  variety  of  galena,  to  which  this  name  has  been  applied, 
and  which  is  pseudqmorphous  after  pyromorphite,  has  been  found  at  Herodsfoot 
mine,  and  Huel  Hope  in  Cornwall,  and  at  some  mines  in  Saxony  and  France.  The 
specimens  from  Huel  Hope  would  burn  in  the  fiame  of  a  candle  like  the  supersulphide 
of  lead.  

BXiVa  VZCHOOrTS.  The  blues  of  vegetable  origin,  in  common  use,  are  indigo 
and  litmus.  The  blue  pigments  of  a  metallic  nature  found  in  commerce  are  the  fol- 
lowing:— Prussian  blue;  sesqui-ferrocyanide  of  iron,  called  also  Berlin  blue;  mtmri' 
tain  Hue^  a  carbonate  of  copper  mixed  with  more  or  less  earthy  matter ;  Bremen  blue, 
or  verditer,  a  greenish-blue  colour  obtained  from  copper  mixed  with  chalk  or  lime ; 
iron  blue,  phosphate  of  iron,  but  little  employed ;  cooMt  blue,  a  colour  obtained  by  cal- 
cining a  salt  of  cobalt  with  alumina  or  oxide  of  tin ;  smalt,  a  glass  coloured  with 
cobalt  and  ground. 

Moh/bdenum  blue  is  a  combination  of  this  metal  and  oxide  of  tin,  or  phosphate  of 
lime.  A  blue  may  also  be  obtained  by  putting  intomolybdic  acid  (made  by  digesting 
sulphuret  of  molybdenum  with  nitric  acid\  some  filings  of  tin,  and  a  little  muriatic 
add.  The  tin  deoxidises  the  molybdic  ada  to  a  certain  degree,  and  converts  it  into 
the  molybdous,  which,  when  evaporated  and  heated  with  alumina  recently  predpitated, 
forms  this  blue  pigment. 

Ultramarine  is  a  beautiful  blue  pigment 

TumbuUs  and  Chinese  blues  are  both  double  cyanides  of  iron. 

Kin^s  blue, — A  carbonate  of  cobalt. 

8ason  blue. — ^A  solution  of  indigo  in  sulphuric  acid. 

BXiVa  VXTmZOZi.    Sulphate  of  copper.  When  found  in  oatore,  it  is  due  entirely 
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to  the  decomposition  of  the  sulphides  of  bopper,  especially  of  the  yellow  eo{>per  pyrites,' 
which  are  liable  to  this  change  when  placed  ondw  the  influence  of  moist  air,  or  of 
water  containing  air.    See  Coffbb. 

BOO.    The  name  given  to  accumulations  of  peat-earth.    See  Peat. 

BOCh-BUTTJUk  A  hydrocarbon  compound,  like  spermaceti,  found  in  the  bogs 
of  Ireland.    See  Adipocbbb. 

BOO«»  A  BTM»    A  soil  formed  of  vegetable  fibre  and  sand. 

BOOBBAB  OOAXi,  and  other  Brown  Scotch  Cannel  Coals.  The  brown  cannels 
are  chiefly  confined  to  Scotland,  and  have  been  wrought,  with  the  exception  of  the 
celebrated  Boghead,  for  the  last  for^  years.  They  are  found  at  Behead,  near 
Bathgate ;  BodLSoles,  near  Airdrie ;  Finiie,  or  Hethill ;  Gapeldrea,  Kirkness,  and 
Wem^s,  in  Fife.  The  first-named  coal,  abcmt  which  there  has  been  so  much  dispute 
as  to  its  nature,  has  only  been  in  the  market  about  fourteen  years.  It  is  considered  the 
most  valuable  coal  hitherto  discovered  for  gas-  and  oil-making  purposes ;  but,  stzange 
to  say,  the  middle  portion  of  the  Pimie,  or  Mothill,  seam,  which  was  unnoticed  for 
a  long  period,  is  nearly  as  valuable  for  both  purposes. 

BooHBAD.  Amorphous;  fracture  subconcnoidal,  compact,  containing  impressions 
of  the  steins  of  SiffiUaria,  and  its  roots  (Stiffmaria),  with  rootlets  traversing  the  mass. 
Colour,  dove-brown,  streak  vellow,  without  lustre ;  a  non-electric ;  takes  fire  easily, 
splits,  but  does  not  fuse,  and  bums  with  an  empvreumatic  odour,  giving  out  mxtSh. 
smoke,  and  leaving  a  considerable  amount  of  white  ash.  H  2*5.  Specific  gravity, 
1-2. 

According  to  Dr.  Stenhouse,  F.RS.,  its  composition  is : — 

Carbon 65-72 

Hydrogen 9*08 

Nitrogen 0-72 

03OTen 4*78 

Ash 19-76 

100-00 

Br.  dtenhouse*8  analysis  of  the  ash  of  Boghead  coal  (the  mean  of  three  analyses), 
was  as  follows:— 

Silica 68*31 

>ilniniim.     .........      33'6d 

Seequioxide  of  iron 7*00 

Potash       . 0-84 

Soda 0-41 

lime  and  sulphuric  acid traces. 

Dr.  Andrew  Fyfe,  F.B.S.E.,  found  on  analysis  that  the  coal  vielded,  from  a  picked 
specimen,  70  per  cent,  of  volatile  matter,  and  30  per  cent,  of  coke  and  ash.  From  a 
ton  he  obtained  14*880  cubic  feet  of  gas,  the  illuminating  power  of  which  was  deter- 
mined by  the  use  of  the  Bunsen  photometer,  the  gas  being  consumed  by  aigands 
burning  from  2^  to  3^  feet  per  hour,  according  to  dreumstances.  The  candle  referred 
to  was  a  spermaceti  candle,  burning  140  grains  per  hour. 
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The  Pimie  or  Methill  brown  cannel,  on  examination,  gives  the  following  results  :— 

Spedfic  gravity 1*126 

Gas  per  ton 13,600  feet 

Dluminating  power 28  candles 

Coke  and  ash     ......  36  per  cent. 

Hydro-carbons  condensed  by  bromine         .  20       „ 

Sulphuretted  hydrogen       ....  i     ** 

Carbonic  add    ......  ^f      ** 

Carbonic  oxide           .        .        .        .        .  7|      it 

Volatile  matter  in  coal       .        .        .        .  66       ^ 

Specific  gravity  of  gas       •        .        .        .  *700       „ 
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The  Boghead  coal  occurs  in  the  higher  part  of  the  Scotch  coal-field,  in  about  the 

e>6itionof  the '  slaty  band '  of  ironstone ;  its  range  is  not  more  than  3  or  4  miles  in  the 
nds  of  Torbane,  Inchcross,  Boghead,  Capper's,  and  Bathyale,  near  Bathgate,  in  the 
county  of  Linlithgow.  In  thickness  it  yanes  from  1  to  30  inches,  and  at  the  present 
rapid  rate  of  consumption,  it  is  feared  it  cannot  last  many  years. 

The  f(^owing  section  of  a  pit  at  Torbane  shows  ^t  the  cannel  occurs  in  ordinary 
coal-measures,  and  under  drcnmstances  common  to  beds  of  coal : — 

Pt,     In. 
Boghead  house-coal  .......    2      7 

Arenaceous  shale 6      0 

Slaty  sandstone         .......    0      7 

Shale  and  ironstone,  containing  remains  of  plants 

and  shells 0     10 

Cement  stone  (impure  ironstone)        .        .        .        .04 

Boghead  cannel 19 

Pire-day,  full  of  5%;nari<9 0      6 

Coal  (common) 0       6 

BUck  shale 0      0} 

Coal 0      1 

Shale 0      Of 

Coal 0      0^ 

Fire-clay ,        .     0       ij 

Hard  shale ^        .    0      3 

Thin  laminse  of  coal  and  shale 0      3^ 

Common  coal    •        .        .        .        •        .        .        .06 
Fire-day 0      0 

One  of  the  chief  characters  of  this  cannel  is  its  indestructibility  under  atmospheric 
agendes ;  for  whether  it  is  taken  from  the  mine  at  a  depth  of  fifty  fathoms,  or  at  the 
outcrop,  its  gas-  and  oil-yielding  properties  are  the  same.  Even  a  piece  of  the 
minend  t^en  out  of  Uie  drift-deposits,  where  it  had  most  probably  lain  for  thousands 
of  years,  appears  to  be  just  the  same  in  quality  as  if  it  had  been  but  lately  raised  from 
the  mine. 

In  the  earth  the  seam  lies  parallel  to  its  roof  and  floor,  like  other  beds  of  coal ;  and 
it  is  trayersed  by  the  nsual  yertical  joints,  dividing  it  into  the  irregular  cubes  which 
so  generally  characterize  beds  of  canneL  The  roof  lying  above  the  cement-stone 
contains  remains  of  Calamites;  and  the  ironstone  nodules,  fossil  shells  of  the  genus 
Unio,  The  floor  of  the  mine  contains  StigTnaruB ;  and  the  coal  itself  affords  more 
upright  stems  of  SipUlaria,  and  its  roots  (Stiffmaria')  and  their  radides,  running 
through  the  seam  to  a  considerable  distance,  than  the  majority  of  coals  show.  In  these 
respects  it  entirely  resembles  the  Pimie  or  MetfaiU  seam.  Most  cannels  affi>rd 
remains  of  flsh ;  but  in  Bcghead  no  traces  of  these  fossils  have  yet  been  met  with, 
although  the^  have  been  dUigently  sought  after. 

The  roots  in  the  floors,  and  the  upright  steins  of  trees  in  the  seam  itself,  appear  ti> 
show  that  the  vegetable  matter  now  forming  the  coal  grew  on  the  spot  where  it  is 
found.  If  the  mangroves  and  other  aquatic  plants,  at  the  present  day  found  growing  in 
the  black  vegetable  mud  of  the  marine  swam^w  of  Brasstown,  on  the  west  coast  of  Africa, 
wero  quietly  submerged  and  covered  up  with  day  and  siltr  we  should  have  a  good 
illustration  of  the  formation  of  a  bed  of  carbonaceous  matter  showing  no  structure, 
mingled  with  stems  and  roots  of  trees  showing  structure,  which  is  the  case  with  Bog- 
head coal,  tiie  structure  being  only  detected  in  those  parts  showing  evidence  of  steins 
and  roots,  and  not  in  the  matrix  in  which  those  fossils  aro  contained. 

The  chemical  changes  by  which  vegetable  matter  has  been  converted  into  Boghead 
cannel  will  not  be  hero  dwelt  on ;  but  the  chief  peculiarity  about  the  seam  is  its  close 
and  compact  roof,  composed  of  cement-stone,  and  shale.  This  is  perfectly  water-  and 
air-tight,  so  much  so  that,  although  the  mine  is  troubled  with  a  great  quantity  of  water, 
it  aU  comes  through  the  floor,  and  not  the  roof.  Thifl  tight  covering  of  the  coal  has 
doubtless  ezerdscd  condderable  influence  on  the  decomposing  vegetable  matter  after 
the  latter  had  been  submerged.  It  is  worthy  of  romark  that,  above  the  Pimie  or 
Methill  seam, — ^the  coal  nearest  approaching  Boghead, — a  similar  bed  of  impuro  iron- 
stone occurs. 

Away  from  whin  dykes  which  traverse  the  coal-fleld,  thero  are  no  appearances  of 
the  action  of  an  elevated  temperature,  either  upon  the  coal  or  its  ac^joimng  strata,  to 

§ive  any  sanction  to  the  hypothesis,  that  the  cannel  has  resulted  from  the  partia] 
ecomposition  of  a  substratum  of  coal  by  the  heat  of  underlying  trap,  the  volatile 
matters  having  been  retained  in  what  has  probably  been  a  bed  of  shale.  First,  it  must 
be  understood  that  Boghead  cannel,  even  when  treated  with  boiling  naphtha,  affords 


Digitized  by  VjOOQIC 


410  60MBTX  MOm 

scarcely  ft  trace  of  bitnmen ;  and,  secondly,  irhen  the  seain  of  coal  is  exaoained  in  the 
neighbourhood  of  a  whin  dyke,  where  heat  has  evidently  acted  on  it,  it  is  found 
nothing  like  cannel,  but  as  a  soft  sticky  substance,  of  a  brown  colour,  resembling  burnt 
india-rubber.  Besides  these  facts,  the  seams  of  coal  and  their  accompanying  strata, 
both  above  and  bolow  the  cannel,  show  no  signs  of  the  action  of  heat,  but,  on  the 
contrary,  exhibit  every  appearance  of  having  been  deposited  in  the  usual  way,  and 
of  remaining  without  tmaergoing  any  particular  alteration. — ^K  W.  B.  See  Canztbi. 
Coal. 

BOOBXAB  VAPBTBA  (m/n.  Bathgate  naphtha),  naphtha  from  the  Boghead 
coaL    See  Naphtha,  Boohbad. 

BOO-ntOV  OBB  is  an  example  of  the  recent  formation  of  an  ore  of  iron,  arising 
from  the  decomposition  of  rocks  containing  iron,  by  the  action  of  water  charged  with 
carbonic  acid.  The  ^nroduction  of  this  ore  of  iron  in  the  present  epoch,  explains  to 
us  many  of  the  conditions  under  which  some  of  the  more  ancient  beds  of  iron  ore 
have  been  produced. 

Bog-iron  ore  is  common  in  the  peat  bogs  of  Ireland  and  other  plaoes.  See  Ibow 
Orbs  and  Ibon. 

BOOMJkVCkAJnsa.     Wad,  or  earthy  manganese.    See  Manoaicbsb. 

80IVW00D.  The  trunks  and  larger  branches  of  trees  dug  up  from  peat  bogs. 
The  black  oak  of  the  bogs  of  Ireland,  which  is  so  largely  employed  in  the  manufiic- 
ture  of  ornaments,  is  so  called. 

BORSA.    A  kind  of  black  tea.    See  Tba. 

BOBBMSAB*  BOXA.    A  yellow  variety  of  bole. 

MOMWMEAM  CUkBBTBTS.  Qamets  belonginjB;  to  the  mineralogical  species 
Pj/rope,  They  occur  embedded  in  serpentine  at  Zoblite  in  Bohemia,  and  also  loose  in 
the  sands  of  some  of  the  rivers  of  Bohemia.  These  qamets  are  of  a  rich  dark-red 
colour,  and  have  been  largely  employed  in  cheap  jewellery.  They  are  cut  and 
olished  in  mills  woriced  by  water-power,  and  are  mounted  by  working  jewellers  at 


>  OXXi.  Linseed  oil  boiled  with  lithai^,  which  removes  some  of  its  olea- 
ginous parts,  and  renders  the  oil  more  *  drying,'  that  is,  it  solidifies  more  readily. 

BOXXAB.    See  Stbax  Boilbb. 

BOZXiBB  VXiATB.  Sheets  of  iron  used  for  making  boilers,  and  now  largely  em- 
ploved  for  constructing  railway  bridges,  ships,  tanks,  £c  The  average  resistance  of 
boiler  plates  is  reckoned  at  20  tons  to  the  square  inch,  and  the  weight  which  they  can 
carry  n&fely  is  about  5  tons  on  >the  square  inch.  Riveting  is  calculated  to  reduce  the 
strength  to  a  degree  corresponding  to  that  of  the  area  which  the  rivets  occupy.  Such 
are  the  principles  by  which  the  Bail  way  Department  of  the  Board  of  l^rade  are 
guided.    See  Islov, 

BOXS  BUBCX.  Finely  powdered  sawdust,  and  turnings  of  hard  wood,  such  as 
rosewood,  ebony,  mahogany,  and  the  like,  are  made  into  a  paste  with  blood,  which  is 
pressed  into  moulds  or  formed  by  dies.  It  receives  a  beautiful  polish,  equal  to  jet, 
which  it  much  resembles.  This  was  first  introduced  to  England  in  1862  by  M. 
Latry,  senior. 

BOBB. .  A  kind  of  clay,  often  highly  coloured  by  iron.  It  usually  consists  of 
silica,  alumina,  iron,  lime,  and  magnesia.  It  is  not  a  well-defined  mineral,  and,  con- 
sequently, many  substances  are  described  by  mineralogists  as  bole.  Armtmian  bole 
is  of  a  bright  red  colour.  This  is  frequently  employed  as  a  dentifrice,  and  in  s<Hne 
cases  it  is  administered  medicinally.  B6U  of  Blots  is  yellow,  contains  carbonate  of 
lime,  and  eflfervesces  with  adds.  Bohemian  hole  is  yellowish  red.  French  bole  is 
of  a  pale  red,  with  frequent  streaks  of  yellow.  Lemnian  hole  and  Sileeian  bole  are,  in 
most  respects,  similar  to  the  above-named  varieties.  The  following  analyses  are 
by  C.  Von  Hauer.  Capo  di  Bove — Silica,  45*64 ;  alumina,  29*38 ;  peroxide  of  iron, 
8*88;  lime,  0*60;  magnesia,  a  trace;  water,  14*27 « 98*72.  New  Holland— Silica, 
38*22;  alumina,  31*00;  peroxide  of  iron,  11*00;  lime,  a  trace;  magnesia,  a  trace, 
water,  18*81  ='99*03. 

BOlwrmk    A  genus  of  the  mushroom  order.    See  Amadov, 

BOXiOOBXAV  STOWB.  A  variety  of  sulphate  of  baryta,  found  in  roundish 
masses,  which  phosphoresces  when,  after  calcination,  it  is  exposed  to  the  solar  rays. 
Bolognian  phosphorus  was  formerly  made  from  this  stone.    See  Babtta,  Sitlpratb  of. 

BOMBA8XBB.  A  worsted  stuff  mixed  with  silk ;  it  is  a  twilled  fabric^  of  which 
the  warp  is  silk  and  the  weft  worsted. 

BOXXBTB  IIOBX.  The  moth  to  which  tiie  silkworm  turns,  the  caterpillar 
^silkworm)  is  at  first  of  a  dark  colour ;  but  graduallv,  as  with  all  other  caterpillars, 
it  becomes  lighter  coloured.  This  worm  is  about  eight  weeks  in  arriving  at  maturity, 
during  which  time  it  frequenU^r  changes  its  colour.  When  full  grown,  the  silkworm 
commences  spinning  its  web  in  some  convenient  place.    The  silkworm  continues 
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drawing  its  thread  from  yarious  points,  and  attaching  it  to  others ;  it  follows,  there- 
fore, tb^t  after  a  time  the  body  becomes,  in  a  groat  measure,  enclosed  in  the  thread. 
The  work  is  then  continued  from  one  thread  to  another,  the  silkworm  moying  its 
head  and  spinning  in  a  eigzag  way,  bending  the  forepart  of  the  body  back  to  spin 
in  all  directions  within  reach,  and  shifting  the  body  only  to  cover  wiui  silk  the  part 
which  was  beneath  it.  As  the  silkworm  spins  its  web  by  thus  bending  the  forepart 
of  the  body  back,  and  moves  the  hinder  part  of  the  body  in  such  a  way  only  as  to 
enable  it  to  reach  the  farther  back  with  the  forepart,  it  follows  that  it  encloses  itself 
in  a  cocoon  much  shorter  than  its  own  body ;  for  soon  after  the  beginning,  the  whole 
JB  continued  with  the  body  in  a  bent  position.  During  the  time  of  spinning  the 
cocoon,  the  silkworm  decreases  in  length  veiy  considerably ;  and  after  it  is  completed 
it  is  not  half  its  original  length :  at  this  time  it  l>ecomes  quite  torpid,  soon  changes 
its  skin,  and  appears  in  the  form  of  a  chrysalis.  The  time  required  to  complete  the 
cocoon  is  five  days.  In  the  chrysalis  state  the  animal  remains  firam  a  fortnight  to 
three  weeks :  it  then  bursts  its  case,  and  comes  forth  in  the  ima^o  state,  the  moth 
having  previously  dissolved  a  portion  of  the  cocoon  by  means  of  a  fluid  which  it  ejects. 

Hie  true  silkworm  (Bombyx  mori)  is  a  native  of  the  North  of  China.  Another 
species,  B,  cynikia,  occurs  in  India. 

The  late  Colonel  Sir  William  Keid  reported  as  follows  on  the  Bombyx  cynikia : — 

*  I  made  several  reports  on  the  Bomhyx  eynthia  silkworm,  which  feeds  on  the  castor- 
oil  plants  for  the  information  of  the  l^iety  of  Arts.  It  had  been  introduced  into 
Matta  ftom  India,  and  appeared  both  hardy  and  wonderfully  prolific ;  yet  it  failed 
in  Halta  in  1855. 

*2.  I  had,  however,  previously  distributed  a  great  number  of  eggs,  by  sending 
them  to  Italy,  France,  and  Algeria ;  and  I  contrived  to  watch  the  accounts  of  the 
trials  made  in  those  countries.  I  found  that  it  had  spread  there,  and  had  been  carried 
to  Spain  and  Portugal,  and  was  creating  considerable  interest  wherever  it  had  beea  tried. 

*  3.  I  was,  therefore,  induced  to  reintroduce  it  into  Malta.  At  the  end  of  July 
last,  I  received  a  few  eggs  by  post,  in  a  quill,  from  Paris,  and  these  have  multiplied 
in  an  extraordinary  manner,  so  that  I  have  not  attempted  to  have  them  counted.  The 
temperature  of  the  winter  season,  now  December,  seems,  however,  to  be  affecting 
them,  even  in  Malta,  inasmuch  as  they  grow  more  slowly  than  they  did  in  the  summer ; 
but,  nevertheless,  they  appear  healthy. 

'  4.  A  yeirj  interetfdng  paper,  on  the  progress  making  in  different  countries  in 
rearing  the  Bombyx  eyntkiay  will  be  found  in  the  last  number  of  the  papers  of  the 
Erench  Sod^  d* Acclimation.  This  paper  is  by  the  able  President  of  that  Society, 
M.  Geofi&oy  Saint  Hilaire. 

*  5.  I  had,  in  1854,  successfully  sent  the  insect  to  the  West  Indies.  The  French 
Sodety  have  sent  it  to  Brazil,  to  the  Southern  United  States,  and  into  Egypt.  It  is 
being  introduced  into  Cbrmany,  and  we  are  now  sending  more  eggs  and  worms  from 
Malta  to  Sicily; 

*  6.  Experiments  axe  making  in  France  on  spinning  t^e  silk,  which  is  found  to  be 
very  fine,  very  strong,  and  to  take  dyes  well.  In  France  the  cocoons  are  corded,  and 
afterwards  spun,  as  m  Malta.  It  is  said  that  the  chrysalis,  on  extricating  itself  from 
iho  ooooon,  imd  becoming  a  moth,  does  not,  as  was  supposed,  cut  the  thread ;  and  the 
French  have  partially  succeeded  in  unwin<^ng  the  cocoons. 

*  7*  The  great  interest  1  find  taken  in  other  countries  in  the  attempts  making  to 
natorsUse  the  Bombyx  cyntMa^  has  induced  me  to  report  to  you  its  re-introducdon 
into  Malta,  with  the  view  of  begging  you  to  make  this  known  to  the  Society  of  Arts. 
I  enclose  an  extract  from  my  despat<m,  dated  7th  of  July,  1855,  which  explains  the 
manner  in  which  I  successfully  sent  the  insect  to  the  West  Indies ;  and  in  the  same 
manner  it  may  bo  ecurily  conveyed  from  any  one  country  to  another.  It  may  be  fotmd 
(lifi&cult  to  preserve  the  silkworm  throughout  the  winter  season,  as  well  as  difficult  to 
grow  the  Bicinus^  its  proper  food,  in  the  climate  of  Europe.  The  proper  climate  for 
the  Botnbyx  cyntkia  is  within,  or  on  the  borders  of,  the  tropics,  ^ut  the  attempts 
now  making  ought  not  to  be  the  less  encouraged  on  that  account,  for  they  are  pro- 
ducing a  new  raw  material  for  Uiread  and  clothing  within  reach  of  men  of  skill  and 
science;  and  127,000  cocoons  have  recently  been  sent  from  Algeria  to  be  manufactured 
in  Alsace. 

'  8.  The  extraordinary  manner  in  which  the  Bombyx  eynikia  multiplies,  together  with 
the  abundance  of  food  produced  for  it  without  culture  in  warm  climates,  renders 
the  study  of  the  habits  <n  this  insect,  and  the  nature  of  its  cocoons,  of  considerable 
importance. 

*  9.  I  send  herewith  a  small  sample  of  the  cloth  made  from  the  worms  reared  in 
Malta.  I  have  the  honour  to  be,  Sir, 

*  Your  most  obedient  humble  servant, 

*  WnzjAx  Bkd,  Govenor.' 
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Additional  infonnation  on  the  BomJbyx  cynihiat  or  Eria  Silkworm,  will  be  found  in 
the  *  Society  of  Arts'  Journal '  of  June  4, 1868. 

Mr.  Wells,  writing  from  Grenada,  in  the  West  Indies,  sajs  of  these  silkworms  for* 
warded  to  him  by  Sir  William  Reid : — ^  I  haye  the  eighth  generation  of  worms  now 
hatching,  haying  had  seyen  crops  of  cocoons  within  the  year.  These  worms  multiply 
one  hundredfold  in  each  generation ;  and  there  is  no  doubt  of  their  being  easily  fed 
to  any  amount,*  They  are  fed  on  the  castor-oil  plant,  Ricinua  cammuniSf  which  grows 
rapi(uy,  can  be  cultiyated  without  much  expense,  and  yields  a  good  return  in  its  yery 
abundant  seeds.    Soo  Silk. 

BOW-BOWS.  Comfits  and  other  sweetmeats  of  yarious  descriptions  pass  under 
this  name.  They  are  manufactured  largely  in  France,  and  a  considerable  quantity 
regularly  imported  into  this  country.  The  manufacture  of  sweetmeats,  confectionery, 
&c,  does  not  enter  so  far  into  d^e  plan  of  this  work  as  to  warrant  our  giying  any 
special  detail  of  the  yarious  processes  employed ;  a  general  notice  will,  howeyer,  be 
found  under  the  head  of  CoMFBcnoNEBT. 

Liqueur  bon-bona  are  made  in  the  foUowinfl^  manner.  A  syrup  eyaporated  to  tho 
pro^  consistence  is  made,  and  some  alcohouc  liqueur  is  aaded  to  it.  Plaster-of- 
Fans  models  of  the  required  form  are  made ;  and  tiiese  are  employed,  seyeral  being 
fastened  to  a  rod,  for  the  purpose  of  making  moulds  in  powdered  starch,  filling 
shallow  trays.  The  syrup  is  then,  by  means  of  a  funnel,  poured  into  these  moulds, 
and  there  being  a  powerful  repulsion  between  the  starch  and  the  alcoholic  syrup,  the- 
upper  portion  of  the  fluid  assumes  a  spherical  form ;  then  some  starch  is  sifted  oyer 
the  surface,  and  the  mould  is  placed  in  a  warm  closet.  Crystallisation  commences 
on  the  outside  of  the  bon-bon,  forming  a  crust  enclosing  the  s^p,  which  constantly 
giyes  up  sugar  to  the  crystallising  crust  until  it  becomes  sufficiently  firm  to  admit  of 
being  remoyed.  A  man  and  two  bo3rs  will  make  three  hnndredweighta  of  bon-bons  in 
a  day. 

CrystaUiaed  bon-bons  are  prepared  hj  putting  them  with  a  strong  syrup  contained 
in  shallow  dishes,  placed  on  shelyes  m  the  drying  chamber,  pieces  of  linen  being 
stretched  oyer  the  sur£&ce,  to  preyent  the  formation  of  a  crust  upon  the  surface  of  the 
fiuid.  In  two  or  three  days  the  bon-bons  are  coyered  with  crystals  of  sugar ;  the 
syrup  is  then  drained  oS,  and  the  comfits  dried. 

Painted  bon-bons, — ^Bon-bons  are  painted  by  being  first  coyered  with  a  layer  of 
glazing ;  they  are  then  painted  in  body  cplonrs,  mixed  with  mndlaee  and  su^. 

The  French  haye  some  excellent  regulations,  carried  out  under  the  'Pr^et  de 
Police,*  as  to  the  colours  which  may  be  employed  in  confectionery.  These  are  to  the 
following  effect: — 

'  Considering  that  the  colouring-matter  giyen  to  sweets,  bon-bons,  liqueurs,  lozenges, 
&c,  is  generally  imparted  by  mineral  substances  of  a  poisonous  nature,  which  impru- 
dence has  been  the  cause  of  serious  accidents ;  and  that  the  same  character  of  acci- 
dents haye  been  produced  by  chewing  or  sucking  the  wrapping  paper  of  such  sweets, 
it  being  glazed  and  coloured  with  substances  which  are  poisonous ;  it  is  expressly 
forbidden  to  make  use  of  any  mineral  substance  for  colouring  liqueurs,  bon-bons,' 
Bugar-plums,  lozenges,  or  any  kind  of  sweetmeats  or  pastry.  No  other  colouring- 
matter  than  such  as  is  of  a  yegetable  character  shall  be  employed  for  such  a  purpose. 
It  is  forbidden  to  wrap  sweetmeats  in  paper  glazed  or  coloured  with  min^al  sub* 
stances.  It  is  orderea  that  all  confectioners,  grocers,  dealers  in  liqueurs,  bon-bons, 
sweetmeats,  lozenges,  &c,  shall  haye  their  name,  address,  and  trade,  printed  upon  the 
paper  in  which  the  aboye  articles  shall  be  endoeed.  All  manufetcturers  and  dealers 
are  personally  responsible  for  the  accidents  which  shall  be  traced  to  the  liqueurs,  bon- 
bons, and  other  sweetmeats  manufactured  or  sold  by  them.' 

If  similar  proyisions  were  in  force  in  this  country,  it  would  preyent  the  use,  to  an 
alarming  extent,  in  our  cheap  confectionery,  of  such  poisonous  substances  as 

Arsenite  of  copper,  I  Sulphide  of  arsenic. 

Acetate  of  copper,  Oxide  of  lead, 


Chromate  of  lead,  |  Sulphide  of  mercury,  &c» 

The  colouring-matters  allowed  to  be  used  in  France  are  indigo,  Prussian  bluer 
saffron,  Turkey  yellow,  quercitron,  cochineal,  Brazil  wood,  madder,  and  the  like. 

BOWB8.  ( 0«,  Fr. ;  Knochen,  Qttt,)  They  form  the  framework  of  animal  bodieSr 
commonly  called  the  skeleton,  upon  which  the  soft  parts  are  suspended,  or  in  which 
they  are  enclosed.  Bones  are  inyested  with  a  membrane  styled  the  periosteum,  which 
is  composed  of  a  dense  tissue  affording  glue  ;  whence  it  is  conyortible  into  je41y,  by 
ebullition  with  water.  Bonos  are  not  equally  compact  throughout  their  whole  sub- 
stance :  the  long  ones  haye  tubes  in  their  centres,  lined  with  a  kind  of  periosteum  of 
more  importance  to  the  life  of  the  bones  than  eyen  their  external  coat ;  the  flat,  as 
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well  as  the  shori;  and  thick,  bones  exhibit  upon  their  sur&ce  an  osseous  mass  of  a  dense 
nature,  while  their  interior  presents  a  cayitj  divided  into  small  cellules  by  their  bony 
partitions. 

In  reference  to  the  composition  of  bones,  we  haye  to  consider  two  principal  con- 
stituents :  the  living  portion  or  the  osseous  cartilage,  called  ossein,  and  the  inorganic 
or  the  earthy  salts  g£  the  bones. 

The  osseous  cartilage  is  obtained  by  suspending  bones  in  a  la^^e  vessel  full  of  dilute 
muriatic  acid,  and  leaving  it  in  a  cool  place  at  alK>ut  50^  F.  llie  add  dissolves  the 
earthy  salts  of  the  bones  without  perceptibly  attacking  the  cartilage,  which,  at  the 
end  dT  a  short  time,  becomes  soft  and  translucid,  retaining  the  shape  of  the  bones ; 
whenever  the  add  is  saturated  before  it  has  dissolved  all,  the  earthy  salts,  it  should 
be  renewed.  The  caiiilage  is  to  be  next  suspended  in  cold  water,  whid^  is  to  be 
fireonently  changed  till  it  has  removed  all  the  addity.  By  drying  the  cartilage 
shrinks  a  little,  and  assumes  a  darker  hue,  but  without  losing  its  translucency.  It 
becomes,  at  the  same  time,  hard  and  susceptible  of  breaking  when  bent,  but  it  pos- 
sesses great  strength. 

This  cartilage  is  composed  entirely  of  a  tissue  passing  into  gelatine.  By  boiling  with 
water,  it  is  vexy  readily  convertible  into  ^ue,  whidi  passes  dear  and  colourless 
through  the  filter,  leaving  only  a  small  portion  of  fibrous  matter  insoluble  by  further 
boiling.  This  matter  is  produced  hj  the  vessels  which  pienetrate  the  cartilage,  and 
cany  nourishment  to  the  bone.  We  maj^  observe  all  these  phenomena  in  a  very 
instructive  manner,  by  macerating  a  bone  in  dilute  muriatic  ado,  till  it  has  lost  about 
the  half  of  its  salts ;  then  washing  it  with  cold  water,  next  poiiring  boiling  water 
upon  it,  leaving  the  whole  in  repose  for  24  hours,  at  a  temperature  a  few  degrees 
below  212*>  F. 

The  cartilage,  whi6h  hsA  heet  stripped  of  its  barthy  saltb,  dissolves,  but  the  small 
vessels  which  issue  ftom  the  uiidecomposed' portion  of  the  bone  remain  under  the  form 
of  white  plumes,  if  the  water  htfs  received  no  movement  capable  of  crushing  or  breaking 
them.  We  may  theil  easily  reobgnise  them  with  a  lens,  but  the'  slightest  touch  tears 
them,  and  makes  them  faXL  to  the  bottom  of  the  Vessel' in  the  form  of  a  predpitate ;  if 
we  diffest  bones  with  strong  hot  muriatic  add,  so  as  to  accelerate  their  decomposition, 
s  pordon  of  the  cartilage  dissolves  in  the  add  with  a  manifest  disengagement  of  car- 
bonic acid  gas,  which  breaks  the  interior  mass,  and  causes  the  half-softened  bone  to 
begin  to  split  into  fibrous  plates,  separable  in  the  direction  of  their  length.  According  to 
Siarx,  these  plates,  when  suffidently  thin,  possess,  like  scales  of  mica,  the  property  of 
polarising  light,  a  phenomenon  which  becomes  more  beautifal  still  when  we  soak  mem 
with  the  essential  oil  of  the  bark  of  the  Laurus  Cassia,  The  osseous  cartilage  is 
formed  before  the  earthy  part.  The  long  bones  are  then  solid,  and  they  become  hol- 
low only  in  proportion  as  the  earthv  salts  appear.  In  the  new-bom  infant,  a  large 
portion  of  the  bones  is  but  partially  filled  with  these  salts ;  their  depodtion  in  the 
cartilage  takes  place  round  certain  invariable  points  of  ossification,  and  begins  at  a 
certain  period  after  conception,  so  that  we  may  calculate  the  age  of  the  fcetus  accord- 
ing to  the  progrees  which  ossification  has  made. 

Composition  of  Bones. 


Animal  matter 

Phosphate  of  lime        .... 
Fluoride  of  caldum      .... 
Carbonate  of  lime         .... 
Phosphate  of  magnesia 

Hdntz 

BcrzeUns 

Ox 
Femnr 

Sheep 

Man 
Forearm 

Human 
Tooth 

30-58 

57-67 

2-69 

6-99 

2-07 

26-64 

61-99 

2-97 

6-92 

1-68 

31-11 

69-14 

2-23 

6-32 

1-20 

2800 

1 64-30 

5-30 
1-40 

Heintz  found  that  the  fixed  bases  in  the  bones  were  sufficient  to  saturate  completely 
the  acids  contained  in  them,  so  that  the  phosphate  of  lime,  as  well  as  the  phosphate  of 
magneda,  which  the  bones  contain,  is  composed  according  to  the  formula  3R0,  PO'. 
Bone  phosphate  of  lime  is,  therefore,  tne  tribadc  or  orthophosphate  3CaO,PO* 
(Ca«»*0').  True  bony  structure  is  perfectly  free  from  chlorides  and  from  sulphates, 
these  salts  being  only  found  when  the  liquid  pervading  the  bones  has  not  been  com- 
pletely zemovecL  The  bones  in  youth  contain  less  earthy  constituents  than  those  of 
adults;  and,  in  advanced  age,  the  proportion  of  mineral  matters  increases.  Von 
Biria  found  more  bone-earth  in  the  bones  of  birds  than  in  those  of  mammals ;  he 
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found  also  the  ratio  of  the  carbonate  of  lime  to  the  phosphate  to  be  generally  greater. 
In  the  bones  of  amphibia,  he  found  less  inorganic  matter  than  in  those  of  mammals 
and  birds ;  and  in  Uie  bones  of  jUhes,  the  earthy  matters  vary  from  21  to  57  per  cent^ 
The  scales  of  fishes  have  a  composition  somewhat  similar  to  that  of  bone,  but  they 
contain  phosphate  of  lime  in  small  quantity  only. 

In  certain  diseases  (the  craniotabes  in  children),  the  earthy  salts  fall  in  the  spongy 
portion  of  the  bone  as  low  as  28*16  per  cent,  of  the  dry  bone ;  and  in  seyeral  cases  the 
proportion  of  earthy  matter  was  found  by  Schlossberger  as  low  as  50  per  cenU  At 
the  age  of  21  years,  the  weight  of  the  skeleton  is  to  that  of  the  whole  body  in  the 
ratio  of  10*5  :  100  in  man,  and  in  that  of  8*5  :  100  in  woman,  the  weight  of  the  body 
being  about  125  or  180  lbs. 

The  quantity  of  organic  matter  in  foesU  bon$$  variefl  yer^r  considerably:  in  some 
cases  it  is  found  in  as  large  a  quantity  as  in  fresh  bones,  while  in  others  it  is  alto* 
gether  wanting.  Carbonate  of  lime  generally  occurs  in  ^  larger  quantity  in  fossil 
than  in  recent  bones,  which  may  arise  from  infiltration  of  that  salt  from  without^  or 
from  a  decomposition  of  a  portion  of  the  phosphate  of  lime  by  carbonic  add  or  car- 
bonates. Magnesia  often  occurs  in  larger  quantities  in  the  fossil  remains  of  yerto- 
brated  animals  tiian  in  the  fresh  bones  of  the  present  animal  world.  Liebig  found 
in  the  cranial  bones  excavated  at  Pompeii  a  la^r  proportion  of  fluoride  of  calcium 
than  in  recent  bones ;  while,  on  the  other  hand,  Oirturdin  and  Preisser  fbund  that  this 
salt  had  ffreatly  diminished  in  bones  which  had  lain  long  in  the  earth,  and,  in  some 
cases,  had  even  wholly  disappeared. 

The  gelatinous  tissue  of  bones  was  found  by  Von  Biria  to  consist  of— 

Beoent  ox  bones  Foesfl  bones 

Carbon 50*401    .        .        .    50130 


Hydrogen 
Nitrogen 
Oxygen  , 
Sulphur , 


7-111  .  .  .  7-073 

18154  «  .  .  18449 

24119  •  •  .  24348 

0-216  — 


This  is  the  same  composition  as  that  of  the  gelatinous  tissues. 

In  the  arts  bones  are  employed  by  turners,  cutlers,  manufiictnrers  of  animal  char- 
coal, and,  when  calcined,  by  assayers,  for  making  cupels.  In  agriculture,  they  are  em- 
ployed as  a  manure.  Laid  on  in  the  form  of  dust,  at  the  rate  of  80  to  35  cwts.  per  acre, 
they  have  been  known  to  increase  the  yalue  of  old  pastures  from  10«.  or  168,  to  30#. 
or  40«.  per  acre ;  and  after  the  lapse  of  20  years,  though  sensibly  becoming  less  Talu- 
able,  land  has  remained  still  worth  two  or  three  times  the  rent  it  paid  before  the  bones 
were  laid  on.  In  the  large  dyeing  establishments  in  Manchester,  the  bones  are  boiled 
in  open  pans  for  24  hours,  the  fat  sldmmed  off  and  sold  to  the  candle-makers,  and  the 
sige  afterwards  boiled  down  in  another  vessel  till  it  is  of  sufficient  strength  for  stiffen- 
ing the  thick  goods  for  which  it  is  intended.  The  nge  liquor,  when  exhausted  or  no 
longer  of  sufficient  strength,  is  applied  with  much  benefit  as  a  manure  to  the  adjacent 
pasture  and  artificial  grass-lands,  and  the  exhausted  bones  are  readily  bought  up  by 
the  Lancashire  and  Cheshire  farmers.  When  burned  bones  are  digested  in  sulphuric 
add,  diluted  with  twice  its  weight  of  water,  a  mixture  of  gypsum  and  add  phosphate 
of  lime  is  obtained,  which,  when  largely  diluted  with  water,  forms  a  most  valuable 
liquid  manure  for  grass-land  and  for  crops  of  rising  com ;  or,  to  the  add  solution, 
pearl  ashes  may  be  added,  and  the  whole  then  dried  up,  by  the  addition  of  chiuooal 
powder  or  vegetable  mould,  till  it  is  suffidently  dry  to  be  scattered  with  the  hand 
as  a  t£p-dressing,  or  buried  in  the  land  by  means  of  a  drilL 

In  franco,  soup  is  extensively  made  by  dissolving  bones  in  a  steam  heat  of  two  or 
three  days'  continuance.  Bespecting  the  nutritive  property  of  such  soup,  Liebig  has 
expressed  the  following  strong  opinion  :—*  Gelatine,  even  when  accompanied  by  the 
savoury  constituents  of  fiesh,  is  not  capable  of  supporting  the  vital  process ;  on  the 
contrary,  it  diminishes  the  nutritive  value  of  food,  which  it  renders  insuffident  in  quan- 
tity and  inferior  in  quality,  and  it  overloads  the  blood  with  nitrogenous  products,  the 
presence  of  which  disturbs  and  impedes  the  organic  processes.*  The  erroneous 
notion  that  gelatine  is  the  active  prindple  of  soup  arose  from  the  observation  that 
soup  made,  by  boiling,  from  meat,  when  concentrated  to  a  certain  point,  ffdaiimtes. 
The  jelly  was  taken  to  be  the  true  soup  until  it  was  found  that  the  heet  meats  dddnot 
yield  the  finest  gelatine  tablets,  which  were  obtained  most  beautiful  and  transparent 
from  tendons,  feet,  cartila^  bones,  &c  This  led  to  an  investigation  on  nutrition 
generally,  the  results  of  which  proved  that  gelatine,  which  by  itself  is  tasteless,  and 
when  eaten  exdtes  nausea,  possesses  no  nutritive  value  whatever. 

The  followinff  Table  exhibits  the  relation  between  the  combustible  animal  matter 
and  the  minexsl  substances  of  bones,  as  found  by  different  observers : — 
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Ox  bones    . 

Human  bones 
Bird  bones 


Organlo  Fortiou 


Inorganic  Portion 


20 

21 

20 

1-8  to  2-3 

2'0  in  mean 

1-6  to  2-2 

1*9  in  mean 

2-8  to  2-6 


Obseryers 


Berzelius. 
Marchand. 
Berzelius. 

Frericlis. 


Von  Biria. 


Prior  to  the  use  of  bones  by  the  turner  or  carver,  they  require  the  oil,  "with  which 
they  are  largely  impregnated,  to  be  extracted,  by  boiling  thorn  in  water  and  bleaching 
them  in  the  sun  or  otherwise.  This  process  of  boiling,  in  place  of  softening,  robs 
them  of  part  of  their  gelatine,  and  therefore  of  part  of  their  elasticity  and  oontracti- 
bility  likewise,  and  they  become  more  brittle. 

The  forms  of  the  bones  are  altogether  unfayourable  to  their  extensive  or  orna- 
mental employment :  most  of  them  are  very  thin  and  curved,  contain  laige  cellular 
cavities  for  marrow,  and  are  interspersed  with  vessels  that  are  visible  after  thev 
are  worked  up  into  spoons,  brushes,  and  articles  of  common  tumezy.  The  buttock 
and  shin  bones  of  the  ox  and  calf  are  almost  the  only  kinds  used.  To  whiten  the 
finished  works,  thoj  are  soaked  in  turpentine  for  a  day,  boiled  in  water  for  about  an ' 
hour,  and  then  polished  with  whitening  and  water. 

Holtsapflbl  also  informs  us  that  after  the  turning  tool,  or  scraper,  has  been  used, 
bone  is  polished,  Ist,  with  glass-jiaper ;  2nd,  with  Trent  sand,  or  Flanders  brick,  with 
water  on  flannel ;  3rd,  with  whitinff  and  water  on  a  woollen  rag ;  4th,  a  small 
quantity  of  white  wax  is  rubbed  on  t£e  work  with  a  quick  motion ;  the  wax  fills  the 
minute  pores,  but  only  a  voxy  minute  portion  shoula  be  allowed  to  remain  on  the 
work.  Common  bone  articles,  such  as  nail-  and  tooth-brushes,  are  frequently  polished 
with  slaked  lime  used  wet  on  flannel  or  woollen  cloth.  See  *  On  Bone  and  its  Uses,' 
by  Arthur  Aitkin,  *  Trans,  of  Society,  of  Arts,'  1832  and  1889. 

Bones  have  recently  been  im^rted  into  this  country,  from  Australia,  in  the  form 
of  bone-dust  tiles,  made  by  crushing  the  bones  and  compressing  the  powder  into  tlie 
form  of  cakes. 

The  importance  of  the  trade  in  bones  will  be  seen  from  the  following  statement  of 
imjporU  of  the  bones  of  animals  and  fish— not  whalebone. 


Bonea  ofaU  kinds  {except  Whal^ns)  imported. 


1867 
Tom 

246,767 
£ 

487,486 


Quantity 

Value 

BoiTES,  whether  burnt  or  not  for  manure 


Tons 
245,120 

£ 
430,442 


1869 
Tons 

229,223 
£ 

600,019 


1870 

Tons 

216,748 

£ 

629,619 

Tons 

92,032 


1871 

Tons 

302,079 

£ 
659,416 
Tom 
94,212 


1873 


Tons 

97,778 


K  (Noir  (fof,  Fr. ;  Knochenschvfarr,  Ger.),  or  Animal  Charcoal,  as 
it  is  less  correctly  called,  is  the  black  carbonaceous  substance  into  which  bones  are 
converted  by  calonation  in  close  vessels.  This  kind  of  charcoal  has  two  principal 
applications — ^to  deprive  various  solutions,  particularly  syrups,  of  their  colouring- 
matters,  and  to  furnish  a  black  pigment.  The  latter  subject  will  be  treated  of  under 
IvoBT  Bljlck. 

The  discovery  of  the  antipntrescent  and  decolouring  properties  of  animal  charcoal 
in  general  is  due  to  Lowitz,  of  Petersburg;  but  their  modifications  have  occupied  the 
attention  of  many  chemists  since  his  time.  Kels  published,  in  1798,  some  essays  on 
the  decolouring  of  indigo,  safih>n,  madder,  syrup,  &c,  by  means  of  charcoal ;  but  he 
committed  a  mistake  in  suppo|8ing  bone-blade  to  have  less  power  than  the  charcoal  of 
wood.  The  first  useM  amplication  of  charcoal  to  the  purification  of  raw  colonial 
sugar  was  made  by  M.  Gmllon,  who  brought  into  the  French  markets  considerable 
quantities  of  fine  syrups,  which  he  discoloured  by  ground  wood-charcoal,  and  sold  them 
to  great  advantage,  as  much  superior  to  the  cassonades  (brown  sugars)  of  that  time.  In 
1811,  M.  Figuier,  an  apothecary  at  Montpellier,  published  a  note  about  animal  char- 
coal, showing  that  it  blanched  vinegars  and  wines  with  much  more  energy  than  vege- 
table chftTooal ;  and  lastly,  in  1812,  M.  Deroenes  proposed  to  employ  animal  charcoal,* 
in  the  poxifieation  of  syrups  and  sugar-i^fining.  The  quantities  of  bone-black  left  in 
th&  retorts  employed  by  MM,  Payen,  for  producing  crude  carbonate  of  ammonia. 
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furnislied  abundant  materials  for  making  the  most  satisfactory  experiments,  and  enabled 
these  gentlemen  soon  to  obtain  ten  per  cent,  more  of  refined  sugar  from  tlie  raw 
article  than  had  been  formerly  extracted,  and  to  improye,  at  the  time,  the  characters 
of  the  lumps,  bastards,  treacle,  &c. 

The  calcination  of  bones  is  effected  by  two  different  systems  of  apparatus;  by 
heating  them  in  a  retort  similar  to  that  in  which  coal  is  decomposed  in  the  gas-works, 
or  in  small  pots  piled  up  in  a  kiln.  On  the  second  plan,  which  furnishes  the  best 
charcoal,  the  bones,  broken  into  pieces,  are  put  into  small  cast-iron  pots  of  the  form 
shown  in  Jig.  148,  about  three-eighths  of  an  inch  thick,  two  of  which  are  dexterously 
placed  with  their  mouths  in  contact^  and  then  luted  together  with  loam.  The  lip 
of  the  upper  pot  is  made  to  slip  inside  the  under  one.  These  double  vessels,  con- 
taining together  about  fifty  pounds  of  bones,  are  arranged  alongside,  and  over  each 
other,  in  an  oven  like  a  potter's  kiln,  till  it  is  filled.  The  oven  or  kiln  may  be  either 
oblong  or  upright.  The  latter  is  represented  in  Jias.  149,  150,  151.  a  is  the  fire- 
place or  grate  for  the  fuel ;  c  c  are  the  openings  in  the  dome  of  the  furnace  through 
which  the  fiame  flows ;  the  divisions  of  these  orifices  are  shown  in  Jig,  151.  b  is  the 
wall  of  brick-work,  d  the  space  in  which  the  -fots  are  distributed,  b  is  the  door 
by  which  the  workman  carries  in  the  pots,  which  is  afterwards  built  up  with  fire- 
bricks, and  plastered  over  with  loam.  This  door  is  seen  in^.  149.  f  f  are  tlic 
lateral  flues  for  convoying  the  disengaged  gases  into  the  air. 


Fig,  152  is  a  longitudinal  section,  and  fig,  158  a  ground  plan  of  a  horizontal  kiln 
for  calcining  bones,  a  is  the  flre-chamber,  lying  upon  a  level  with  the  sole  of  the 
kiln ;  it  is  separated  by  a  pillar  b,  from  the  calcining  hearth  c.  In  the  pillar  or  wall, 
several  rows  of  holes,  d,  are  left  at  different  heights ;  e  is  the  entrance  door ;  /,  the 
outlet-vents  for  the  gases,  vapours,  and  smoke,  into  the  chimney  g;  A,  a  sliding 
damper-plate  for  regulating  the  admission  of  the  air  into  the  flre  in  the  space  a. 

By  this  arrangement  the  oflfensive  emanations  are  partly  consumed,  and  partly  car- 
ried off  with  the  smoke.  To  destroy  the  smell  completely,  the  smoke  should  be  made 
to  pass  through  a  second  small  furnace. 

The  number  of  pots  that  may  be  put  into  a  kiln  of  this  kind  depends,  of  course, 
upon  its  dimensions ;  but,  in  general,  from  100  to  150  are  piled  up  over  each  other,  in 
columns,  at  once ;  the  greatest  heat  being  nearest  the  roof  of  the  kiln,  which  resembles, 
in  many  respects,  that  used  for  baking  potteryware. 

In  both,  kilns  the  interior  walls  are  built  of  fire-bricks.  In  the  oblong  one,  the 
fiercest  heat  is  near  the  vaulted  roof;  in  the  upright  one,  near  the  sole ;  and  the  pots, 
containing  the  larger  lumps  of  bones,  should  be  placed  accordingly  near  the  top  of  the 
former  and  the  bottom  of  the  latter.  Such  a  kiln  may  receive  about  seventy  double 
pots,  containing  in  the  whole  thirty-five  cwts.  of  bones. 

After  the  hearth  is  filled  with  the  pots,  and  the  entrance  door  is  shut,  the  fire  is 
applied,  at  first  moderately,  but  afterwards  it  must  be  raised,  and  maintained  at  a  brisk 
heat  for  eight  or  ten  hours.  The  door  of  the  ash-pit  and  the  dam^r  may  now  be 
nearly  clos^,  to  moderate  the  draught,  and  to  keep  up  a  steady  ignition  for  six  or 
eight  hours  longer,  without  additional  firing;  after  which  the  doors  must  be  all 
opened  to  cool  me  furnace.  When  this  is  done,  the  brickwork  of  the  entrance-door 
must  be  taken  down,  the  kiln  must  be  emptied,  and  immediately  filled  again  with  a 
set  of  pots  previously  filled  with  bones,  and  luted  together:  the  pots  which  have 
been  ignited  may,  in  the  course  of  a  shoH  time,  be  opened,  and  the  contents  put  into 
the  magazine.  But  in  operating  with  the  large  decomposing  cr^linder  retort,  the 
bones  being  raked  out  hot,  must  be  instantly  tossed  into  a  receirer,  which  can  ba 
cpTered  in  air-tight  till  they  are  cooL  ...  '    ^ 
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The  bones  lose  upon  an  average  about  one-half  of  their  weight  in  the  calcination. 
In  lefiarence  to  the  quality  of  the  black,  experience  has  shown  that  it  is  so  much  more 
poweiM  as  a  decolouring  agent,  as  the  bones  from  which  it  was  made  have  been 
freer  from  adhering  fatty,  fleshy,  and  tendinous  matters. 

The  charcoal  is  ground  in  mills  with  grooved  rollers,  in  order  to  prevent  the  forma- 
tion of  dust.  The  bones  are  thrown  into  a  long  quadrangular  box,  famished  at  its 
lower  aperture  with  moveable  steel  cheeks,  between  which  the  roller  revolves ;  they 
are  thus  coarsely  broken  up,  and  the  granulation  is  completed  by  another  pair  of 
bluntly  grooved  rollers,  which  can  be  placed  nearer  to,  or  farther  ttom,  each  other  at 
pleasure.  The  crushed  charcoal  is  collected  on  sieves,  which  separate  the  dust  from 
the  grains. 

The  composition  of  perfectly  dry  bone-black  of  avera^  quality  is  as  follows : — 
Phosphate  of  lime,  with  carbonate  of  lime,  and  a  little  sulphuret  of  iron,  or  oxide  of 
iron,  88  parts ;  iron  in  the  state  of  silicated  carburet,  2  parts ;  charcoal  containing 
about  ^Ui  of  nitrogeui  10  parts.  None  of  the  substances  present,  except  the  charcoal, 
possess  separately  any  decolourising  power. 

It  was  formerly  supposed  that  the  peculiar  absorbing  and  decolouring  power  of 
animal  charcoal  was  only  exerted  towaras  bodies  of  oraanic  origin ;  but  it  was  found, 
by  Ghraham,  that  inorgamo  substances  are  equally  subject  to  this  action;  and  later 
experiments  haVe  demonstrated  that  there  are  few,  if  any,  chemical  compounds  which 
altogether  resist  the  absorbing  power  of  charcoal.  The  action  is  of  a  mechanical 
nature^  and  in  some  cases  it  is  sufficiently  powerful  to  overcome  chemical  affinities 
of  considerable  power.  It  is  not  confined  to  charcoal,  though  pre-eminent  in  this 
substance,  in  ccmsequonce  of  the  immense  extent  of  sur&ce  which  its  porous  structore 
presents.  The  action  of  charcoal  in  sugar-refining  has  been  particularly  studied  by 
Ludersdort  When  the  defecated  sacdiarine  juice  is  allowed  to  flow  upon  a  moist 
and  firmly  compressed  charcoal  filter,  pure  water  is  the  first  product  that  passes 
through ;  but  a  considerably  larger  quantity  is  obtained  than  was  employed  for  mois- 
tening the  charcoaL  Water  is  then  obtained  of  a  decidedly  saline  chaoncter,  which 
increases  in  strength,  and  after  this  has  passed  through  for  some  time,  a  sweet 
taste  becomes  perceptible,  which  gradually  increases,  and  at  last  entirely  masks  the 
saline.  This  purely  sweet  fluid  continues  to  flow  for  some  time ;  after  which,  the 
liquid  acquires  an  alkaline  reaction  from  the  presence  of  caustic  lime ;  it  then  becomes 
coloured,  the  liquor  getting  gradually  darker,  till  the  action  of  the  charcoal  ceases. 
Lime  is  completely  abstracted  from  lime-water  by  bone-charcoal ;  and,  according  to 
the  experiments  of  Chevallier,  lead-salts  are  likewise  entirely  absorbed,  the  acetate 
the  most  readily.  Jt  has  also  been  shown  by  Graham,  that  iodine  even  is  separated 
from  iodide  of  potassium.  The  commercial  value  of  animal  charcoal  has  usuaUy  been 
estimated  by  its  decolouring  power  on  sulphate  of  indigo ;  its  absorbent  power,  wnich  is 
a  property  of  equal,  perhaps  of  greater  importance,  may,  according  to  m.  Ccnenwinder, 
be  determined,  approximately,  by  the  quantity  of  lime  whidi  a  given  weight  will 
absorb.  For  this  purpose  he  employs  a  solution  of  saccharate  of  lime  of  known 
strength.  An  add  liquor  is  flrst  prepared,  composed  of  20  grammes  of  pure  oil  of 
vitricS  diluted  with  water  to  exactly  1  litre.  A  solution  of  saccharate  of  lime  is  then 
prepared,  by  dissolving  125  to  130  grammes  of  white  sugar  in  water,  adding  thereto 
15  to  20  grammes  of  quicklime,  boiling  the  liquid,  and  then  filtering  to  separate  the 
undissolved  lime.  This  solution  is  prepared  of  such  a  nature,  that  it  wijl  be  exactly 
saturated  by  the  same  volume  of  the  dilute  sulphuric  acid.  By  adding  Uie  latter  to 
50  cubic  centimetres  of  the  liquid  filtered  from  the  animal  cheurcoal,  it  is  easy  to  see 
how  many  d^ees  of  the  burette  are  required  to  complete  the  saturation  of  the  lime. 
Suppose  35  are  required  for  this  purpose,  100— 35  »  65,  which  represent  the  propor- 
tion of  lime  absorbed  by  the  chaicoal :  this  is,  therefore,  the  number  representing  the 
standard.  By  operating  with  a  burette  graduated  from  the  bottom,  the  degree  of  the 
charcoal  experimented  upon  may  be  read  directly. 

This  decolourising  power  does  not  belong  alone  to  bone-black ;  different  varieties  of 
lignite,  or  even  coal,  when  well  carbonised  in  close  vessels,  afibrd  a  deoolouring  char- 
coal of  considerable  value.  By  reducing  100  parts  of  day  into  a  thin  paste  with 
water,  kneading  into  it  20  parts  of  tar,  and  500  of  finely-ground  pit^coal,  drying  the 
mixed  mass,  and  calcining  it  out  of  contact  of  air,  a  charooally  matter  may  be  obtained 
not  much  inferior  to  bone-black  in  whitening  syrups. 

The  restoration  of  animal  charcoal  from  burnt  bones,  fn*  the  purpose  of  sugjar- 
refining,  has  been  long  practised  in  Erance.  Mr.  W.  Parker  has  made  the  following 
process  the  subject  of  a  patent.  The  charcoal,  when  taken  from  the  vessels  in  which . 
it  has  been  employed  for  the  purposes  of  clarifying  the  su^,  is  to  be  thoroughly 
washed  with  the  purest  water  that  can  be  obtained,  m  order  to  remove  all  the  saccha- 
rine matter  adhering  to  it  When  the  washing  process  has  been  completed,  the  char^ 
coal  is  laid  out  to  dry,  either  in  the  open  air  or  in  a  suitable  stove ;  and  when  per* 
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feeUj  free  from  moifittura,  it  is  to  be  separated  into  small  pieces,  and  sifted  throogh  a 
sieref  the  wire  or  meshes  of  which  are  placed  at  distances  of  about  two  and  a  half  in 
every  inch.  This  sifting  wiU  not  only  divide  the  charcoal  into  small  pieces,  bat  will 
canse  anv  bits  of  wood  or  other  improper  matters  to  bo  separated  from  it 

The  charcoal  thus  jnrepared  is  then  to  be  packed  lightly  in  cylindrical  vessels 
called  crodbles,  with  some  small  quantity  of  bones,  oil,  or  other  animal  matter,  mixed 
with  it.  The  crucibles  are  then  closed  by  covers,  and  luted  at  the  joints,  leaving  no 
other  opening  but  one  small  hole  in  the  centre  of  the  cover,  through  which  any  gas 
generated  within  the  vessel  when  placed  in  the  oven  or  furnace  may  bo  allowed  to 
escape. 

The  crucibles  are  now  to  be  ranged  round  the  oven,  and  placed  one  upon  another, 
in  vertical  positions ;  and  when  the  oven  is  properly  heated,  gss  will  be  generated 
within  each  crucible,  and  issue  out  from  the  central  hole.  The  gas  thus  emitted, 
being  of  an  inflammable  quality,  will  take  Are,  an^  assist  in  heating  the  crucibles ; 
and  the  operation  being  carried  on  until  the  crucibles  become  of  a  red  heat,  the  oven 
ia  then  to  be  dosed,  and  allowed  to  cool ;  after  which  the  crucibles  are  to  be  removed, 
when  the  charcoal  will  be  found  to  have  become  perfectly  renovated,  and  as  fit  for  use 
as  before. 

A  process  for  the  restoration  of  bone-black,  or  animal  charcoal,  was  made  the 

subject  of  a  patent  by  Messrs.  Bancroft  and  Maelnnes  of  Liverpool,  which  consists  in 

jg^  jgg  washing  the   granular   charcoal, 

or  digesting  it,  when  finely  ground, 
with  a  weak  solution  of  potash  or 
soda,  of  specific  gravity  1  ^OO.  The 
bone-blac^  which  has  been  used 
in  sugar-rsfining,  may  be  thus 
restor^,  but  it  should  be  first 
deared  from  all  the  soluble  filth 
by  means  of  water. 

Mr.  F.  Parker's  method,  patented 
in  June,  1889,  for  effecting  a  like 
purpose,  is  by  a  fresh  calcination, 
as  follows : — 

Fig,  155  represents  a  front  sec- 
tion of  tiie  ftimaoe  and  retort; 
and  fig,  156  a  transverse  vertical 
section  of  the  same,    a  is  a  retort, 
surrounded  by  the  flues  of  the  fur- 
nace b\  0  is  a  hopper  or  chamber, 
to  which  a  constant  fresh  supply 
of  the  black  is  furnished,  as  the 
preceding  portion  has  been  with- 
drawn f^m  the  lower  part  of  a. 
d  is  the  cooling  vessel,  which  is 
^  connected  to  the  lower  part  of  the 
retort  a  by  a  sand-joint  e.    The 
cooler  d  is  mpide  of  thin  sheet-iron,  and  is  large ;  its  bottom  is  dosed  with  a  slide- 
plate,/.    The  black,  after  passing  slowly  through  the  retort  a  into  the  vessel  d,  ^ets 
BO  much  cooled  by  Uie  time  it  rmches  /,  that  a  portion  of  it  may  be  safely  with- 
drawn, so  as  to  allow  more  to  fftU  progressively  down ;  g  is  the  charooal-meter,  with 
a  slide  door. — ^H.M.N. 

BOn-BA&TB.  The  residue  of  bones  after  calcination ;  it  is  chiefly  phosphate 
of  lime.    It  finds  many  uses  in  the  arts. 

BOVB-AZQVOX.    The  liquor  obtained  by  distilling  bones.    It  is  an  impure 
solution  of  ammonia — a  poor  spirit  of  hartshorn. 
BOWa-on.^    See  DnmL's  Oil. 

BOOXBZmnra  *  in  all  its  branches'  indudes  every  process  by  which  the  sheets 
as  received  from  the  printer  (from  the  pamphlet  of  a  few  pages  to  the  folio  of  enormous 
siae  and  thickness)  are  arranged  in  due  order,  and  the  leaves  of  which  eadi  sheet  is 
composed  secured  and  prepared,  either  simply  or  elaborately,  for  the  use  of  the 
reader.  It  thus  indudes  every  gradation  of  style  and  finish,  from  the  stitched  and 
wrappered  periodical  to  the  costly  and  elaborate  binding  of  the  most  magnificent 
libra]^. 

The  sheets  of  paper  on  whidi  books  are  printed  are  of  various  dimensions,  beginning 
with  the  'pott'  and  *  foolscap'  (the  smallest  sizes  that  come  from  the  paper-maker) 
Up  to  the  'crown,'  *demy,'  'royal,'  'imperial,' '  atlas,'  &c.  The  printer  arranges  each 
of  his  pages  so  as  to  occupy,  with  the  required  margin,  the  half,  the  fourth,  the 
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Mghth,  or  the  twelM,  and  so  on  down  to  tlie  forty-eighth,  of  each  eheet,  stidi 
divisional  pages  being  called  respectively  folio,  quarto,  octavo,  dnodecnno,  &e.,  down 
to  48ma ;  and  it  will  be  manifest  that' as  the  sheets  themselves  are  lioger  or  smaller 
^m  the  atlas  down  to  the  pott  as  before  stated,  so  their  divisions  will  vary  in 
proportioii,  thns,  an  8va  Yolnme  may  be  either  a  'foolscap  8fo.,'  a  *  crown  8vo.,'  or  a 
'  demy  8vo.,'  &c,  and  will  be  larger  or  smaller  accordingly. 

The '  gathering'  of  the  sheets  that  form  a  volume — ^that  is,  the  collecting  together, 
in  consecnliTe  cdler  into  one  or  mon  'gatherings,'  of  a  copy  of  eadi  of  the  sheets 
forming  such  voltunes,  is  generally  done  b^  the  printer  before  they  are  delivered  to 
the  binder.  In  such  cases  the  first  operation  at  the  bookbinder's  is  that  of  folding 
(whether  in  folio,  4ta,  or  8to.,  &c,  as  before  said).  In  this  operatioa  the  maigin  (3 
the  type,  and  not  the  margin  of  the  paper,  is  the  gnide  for  the  folder,  who  has  to  see 
that  tne  head  and  sides  of  the  printed  matter  of  each  page  range  or  'register' 
aeenrately  with  those  <^  the  opposite  J«ge.  The  work  of  folding  is  done  by  women 
and  giris,  who  use  a  bone  or  ivor^  folding  stick  to  press  the  folds  of  each  sheet  closely 
logedier,  and  by  continued  practice  the  process  is  so  rapidly  performed  by  them,  that 
except  in  the  case  of  newspapers  and  other  publications  where  there  are  enormous 
numbers  of  the  siime  sheet  requiring  no  rea^histment  of  machinery,  little,  if  anything, 
is  gained,  either  in  speed,  accuiacy,  or  economy,  by  the  use  of  folding  machines,  of 
whidi  various  kinds  worked  by  steam-power  have  been  introduced. 

When  the  ^rpe  of  each  leaf  in  a  sheet  is  thus  made  to  coincide  it  will  be  almost 
universally  fomid  that  the  outer  edges  of  some  of  the  leaves  prcjject  more  or  less 
considerably  beyond  others,  so  that  in  order  to  give  the  book  a  neat  aokl  regular 
appearance,  even  if  the  edges  are  not  intended  to  be  cut  all  round,  the  tore-edge  and 
tail  have  to  be  '  trimmed,'  that  is,  the  rough  and  irregularly  projecting  edges  are, 
alter  ^e  book  is  sewn,  pared  with  a  knife. 

The  folded  sheets  are  then  '  collated,'  that  is,  examined  and  laid  together  in  proper 
consecutive  order,  in  which  arrangement  the  letter  or  '  signature,'  as  it  is  termed,  at 
the  foot  of  the  first  page  of  each  sheet,  and  not  the  geneml  numerical  paging  of  the 
book,  is  the  collater's  guide.  If  the  volume  about  to  be  bound  has  belonging  to  it 
plates  or  maps,  printed  on  distinct  paper  from  that  used  for  the  letterpress,  each  such 
l^te  or  map  is  secured  by  paste  to  the  back  edge  of  its  appropriate  paee  of  letter- 
press, or  to  a  special  strip  of  paper  termed  a  '  guard.'  Each  volume  being  uius '  folded,' 
'coUated,'  and  (if  needful)  'placed,'  is  subjected  with  others  to  hydraulic  or  other 
pressure  to  make  the  leaves  Ue  smoothly  and  compactly  together.  The  volume  is 
then,  if  cords  are  to  be  used  as  the  cross  bands,  slightly  indented  with  saw  cuts  at 
regi^  intervals  across  its  bade,  six  such  cuts  being  used  for  folios,  five  for  quartos, 
axKl  four  or  three  for  smaller  sizes.  If  tape  is  to  be  used  for  the  bands,  pencil-marks 
are  substituted  for  the  saw  cuts. 

The  book  is  now  ready  to  be  fastened  together.  The  simfdest  mode  of  d<nng  this 
is  hv  stabbing  through  each  volume  three  or  four  holes  a  short  distance  frcmi  its 
hin^r  edge,  and  passing  a  needle  and  thread  alternately  in  and  out  through  the 
holes,  securing  the  ends  of  the  thread  together  by  a  knot.  A  book  so  fastened 
('sdtidied,*  not  'sewn')  is  of  course  prevented  by  the  pressure  of  the  thread  from 
opening  fireely  to  its  back  edge,  and  if  the  thread  is  cut  or  broken  at  any  one  part 
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the  whole  falls  to  pieces.    This  rough  and  ready  process  is  confined  to  pamphlets, 
periodical  publications,  or  some  of  the  commoner  school  books. 

The  process  of  '  sowing '  (as  distinct  from  the  before-named  operation  of  stitch- 
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ing)  ifi  that  mostlj  employed  for  securiiig  the  folded  sheets  together.    For  this 
pmpoee  the  seimig  press  is  employed. 

J^V^.  157  lej^reeents  the  sewing  press  as  it  stands  upon  the  table  before  which  the 
workwonuw  mts.  Fia,  158  is  a  cronnd  plan  withont  the  parts  a  and  n  in  the 
former  flgore.  ▲  is  the  base  board  supported  upon  the  cross  bars  m  n  marked  with 
dotted  lines  in>^.  158. 

Upon  the  screw  rod  rr,  fia.  157»  the  nnts  td  serve  to  fix  the  flat  upper  bar  n  at 
anj  desired  distance  from  tlie  base.  That  bar  has  a  slit  along  its  middle  through 
wmch  the  hooks  below  eg  pass  down  for  receiving  the  ends  of  the  sewing  cords  or 
tapes  (from  two  or  three  to  six  in  number  according  to  the  size  of  the  yolumes  under 
operation)  |>|>  fixed  at  yy  and  stretched  by  the  thumbscrews  gg.  The  bar  yy  is  let 
into  an  oblong  space  cut  out  of  the  front  edge  of  the  base  board  and  fixed  there  by  a 
moveable  jnn  a  and  a  fixed  pin  at  its  other  end  round  which  it  turns.  The  cords  or 
bands  are  fixed  at  distances  and  in  numbers  correroonding  to  the  saw  or  pencil-marks 
before  named,  made*  in  the  backs  of  the  folded  sheets,  and  the  cross  cords  be- 
come embedded  in  the  saw-marks  by  the  pressure  of  the  sewing  thread.  This  is 
drawn  through  the  middle  of  each  sheet  ana  turned  round  each  band  beginning  at 
the  first  sheet  and  proceeding  to  the  last  The  first  sheet  being  thus  sewn  and 
secured  to  the  bands,  the  second  sheet  is  laid  upon  it,  the  thread  carried  from  the 
first  sheet  to  the  second,  and  the  process  is  repeated,  and  so  on  to  the  concluding 
sheet  of  the  volume,  the  -vdiole  being  connected  together  bv  the  cross  bands  (whether 
of  cord  or  tape)  round  which  the  thmad  passes,  first  through  one  sheet,  and  then  from 
each  sheet  to  its  successor. 

A  third  method  of  securing  the  leaves  of  a  book  was  some  years  ago  introduced  bv 
Mr.  W.  Hancock,  namely,  by  the  adhesion  of  the  back  edges  of  each  leaf  of  the  book 
to  a  coating  of  caoutchouc  and  its  superimposed  lining  doth.  In  this  method,  instead 
of  the  fold  of  eadi  edieet  or  section  (consuming  of  4,  8,  12,  16,  or  24  pages)  forming  a 
back  through  which  the  needle  of  the  sewer  passes,  as  before  described,  the  whole  of 
the  back  of  the  book  is  cut  through  by  a  plough  knife  or  guillotine  so  as  to  present  a 
smooth  level  surface  formed  of  the  back  edges  of  the  book,  which,  if  separated,  would 
then  consist  of  single  detached  leaves. 

This  smooth  surface  is  slightly  rasped  so  as  to  give  greater  facility  for  the  adhesion  to  ' 
the  edge  of  each  leaf  of  the  caoutchouc,  a  solution  of  which  is  applied  in  two  or  three 
coats,  at  intervals  sufficient  to  allow  each  coat  to  become  firmly  adhesive.  Strips  of  doth 
lining  are  laid  over  this,  and  fastened  on  with  caoutchouc,  Uie  outermost  strip  being 
so  mudi  wider  than  the  back  of  the  book  as  to  form  a  fiv  or  i>rojecting  strip  at  each 
side  for  the  purpose  of  securing  the  volume  to  the  boards  which  form,  with  cloth  or 
leather,  the  cover  of  the  book.  We  thus  see  that,  instead  of  leaves  attached  by  thread 
at  certain  points  or  intervals,  each  single  leaf  is  agglutinated  continuously  along  the 
whole  length  of  its  back  edge  to  the  caoutchouc  and  cloth  lining  before  described. 
Books  bound  in  this  way  open  so  perfectly  fiat  upon  a  table  without  strain  or  resi- 
lience, that  they  are  equ^y  comfortable  to  the  student,  the  musician,  and  the  merchant. 
And  where  a  book  consists  of  paper  at  once  thick,  tough,  and  absorbent,  the  adhesion 
of  each  single  leaf  by  its  back  edge  to  the  caoutchouc  coating  and  lining  is  generally 
perfect,  and,  with  carefhl  usage,  moderately  durable.  On  the  other  hand,  when  the 
paper  composing  the  book  is  &iu  or  non-absorbent,  the  adhesion  of  each  leaf  is  very 
uncertain ;  and  moreover,  by  frequent  use,  and  espedally  under  the  chemical  effect  of 
atmospheric  and  climatic  <uian^,  the  caoutchouc  sooner  or  later  loses  its  adhesive 
power  over  paper  of  any  quabty,  hardens,  cradcs,  and  shrinks,  and  leaf  after  leaf 
becomes  more  or  less  insecure  and  detached.  The  use  of  caoutchouc  for  book- 
binding has  therefore  become  far  less  general  than  was  at  one  time  antidpated,  and 
the  ne^e  and  thread  of  the  workwoman  is  still  the  general  medium  for  connecting 
the  leaves  of  a  book  together. 

Hitherto  we  have  deut  with  the  preliminary  processes  of  securin^the  separate  portions 
of  a  volume — ^processes  which  are  common  to  all  kinds  of  binding,  from  the  simple 
pimphlet  with,  or  without  its  pai)er  wrapper,  to  the  most  elaborately  bound  volume 
in  russia  or  morocco ;  except  that  in  the  more  expensive  styles  of  binding,  additional 
care  is  taken  in  the  process  of  sewing ;  the  thread  being  more  frequently  parsed  through 
each  section,  round  the  cross  bands,  and  from  section  to  section,  and  more  elaborately 
secured* 

The  next  process  is  that  of  inserting  the  volume  into  its  cover ;  and  in  this,  two 
systems  are  adopted :  one,  the  original  plan  of  attaching  the  boards  of  the  cover  by 
drawing  the  cross  cords  or  bands  through  holes  pierced  through  eadi  board  at  its 
back  edge,  then  fastening  the  leather  or  other  material  used  for  covering  the  book 
over  the  board,  and  subsequently  adding  the  lettering  and  ornament  required ;  the 
other  that  of  the  more  modem  *  case-binding.*    This  is  now,  from  its  comparative 
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cheapnesB  and  adaptation  to  the  rapid  execution  of  large  nnmbers,  the  method  uni- 
▼ersallj  adopted  for  Uie  great  mass  of  books,  as  thej  issue  firom  the  publisher's 
■warehouM.  We  will  deal  inUi  this  last-named  process  in  the  first  instance.  In 
' case-binding'  the  case  or  cover  (generally  formed  of  mill-boards  covered  -with  cotton 
doth)  is  made,  stamped  and  lettered  with  the  desired  amount  of  ornament,  all  complete 
before  it  is  fjlicod  upon  the  volume.  Thus  (the  exact  aze  of  the  volume  having  been 
first  ascertained)  the  whole  process  of  'case-making'  and  'blocking'  can  go  on 
simultaneously  with  or  in  anticipation  of  the  processes  of  folding,  sewing,  and  back- 
ing up. 

The  boards  used  in  bookbinding  are  formed  of  the  pulp  obtained  from  reftue  brown 
paper,  old  rope,  straw,  or  other  vegetable  material  more  or  less  fibrous ;  which  pulp 
18  pressed  into  sheets  of  varying  size  and  thickness,  to  suit  the  requirements  of  the 
binder;  from  the  sheet  scarcely  thicker  than  cartridge  paper  used  for  'limp 'book- 
covers,  to  the  thick  substance  now  extensively  used  fbr  books  on  which  a  cover  with 
'  bevelled  edges '  (after  the  antique  style  of  the  old  wooden  book-covers  used  by  early 
bookbinders)  is  prepared. 

The  size  and  sme  of  the  volume  being  ascertained,  the  board-cutter  selects  his 
mill-boards  accormngly ;  and  having  with  his  shears  '  souared,'  t.^.  cut  of  at  right 
angles  the  rough  outer  edge  of  two  adjoining  sides  of  eacn  board,  adjusts  the  gauge 
of  his  cutting-machine  to  the  exact  requirement  successively  of  the  lengtiiand  broadth 
of  the  volume,  until  he  has  completed  the  tale  of  50  or  it  may  be  5,000  pairs  of  boards 
for  which  his  order  is  given.  8ee  Board  Cutting  Machine  {fig,  159»  as  manufactured 
by  F.  Ullmer). 
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In  the  meantime,  the  cloth-cutter  in  like  manner  cuts  up  the  corresponding  numbers 
of  covers  of  the  dimensions  proi)erfor  the  book.  The  bookbindezs'  doth  now  so 
extensively  used,  is  a  cotton  &bric  generally  woven  in  Lancashire,  and  sometimes 
dyed  and  finished  there ;  but  these  later  processes  are  carried  on  to  a  considerable 
extent,  also,  in  London.  The  dyed  doth  is  passed  through  heated  rollers,  which  being 
engraved  with  some  grain  or  pattern,  (sometimes  in  imitation  of  the  grains  of  russia 
or  morocco  leather,  sometimes  with  other  patterns)  impress  the  pattern  or  embossing 
upon  the  doth.  A  third  essential  is  a  supply  of  a  corresponding  number  of  'hollows? 
Tnese  are  strips  of  thick  paper  or  of  pasteboard,  cut  to  the  exact  height  and  thickness 
required  for  the  book  for  which  the  boards  and  doth  are  intended,  and  which  act  as 
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gauges  for  the  gaidance  of  the  case-makein,  and  as  stiffiMia  for  the  oloth  at  the  back 
of  the  book,  between  the  boards. 

These  three  materials  are  then  passed  on 
to  the  case-makers:  one  of  vhom  takes 
possession  of  the  pile  of  cloth  oovers,  laid 
face  downwards  before  hi&i,  rapidly  passes 
the  glueing  brash  firom  the  pot  of  heated 
and  diluted  ^ue  standing  by  his  side  upon 
the  uppermost  piece  of  the  pile,  lifts,  and 
passes  the  glusd  piece  of  doth  to  hia  right- 
hand  neighbour,  who  being  ptOTided  with 
the  pile  of  pairs  of  boards  and  corresponding 
hollows,  lays,  in  succession,  a  boaia  (1)^  ^ 
hoUow(2),and  a  board(8)  (>^.  160),  on  the 
glued  sumce  of  the  doth,  which  is  cut  of  a  aise  sufficient  to  leave  a  margin  to  turn 
oyer  the  eds;e  of  the  boards  and  the  requisite  distance  beyond.  A  narrow  space, 
proportioned  to  the  siie  and  thickness  of  the  volume,  is  left  between  the  inner  edge 
of  each  board  and  the  *  hollow,'  so  as  to  allow  space  for  the  liinge  of  the  case  to 
turn  round  and  be  pressed  into  the  ridge  which  is  formed  at  each  side  of  the  bade 
of  a  volume  when  prepared  for  the  case. 

This  done,  the  second  case-maker  then  rapidly  and  b'ghUpr  (so  rapidlv  as  not  to 
allow  the  hot  0ue  to  soak  too  much  into  the  doth  and  spoil  its  grain  and  gloss,  and 
so  lightly  as  not  to  produce  the  same  defect  by  too  much  pressure)  passes  the  palm  of 
his  ^nd  or  a  folding-stick  over  the  cloth,  to  make  it  aonere  smoothly  to  Uie  boards 
and  the  intermediate  hollow,  and  at  once  passes  each  to  his  right-hand  neighbour. 
The  third  case-maker  in  his  turn  quickly  smcks  out*  with  a  pair  of  sdssors,  the  super- 
fluous doth  at  each  of  the  four  comers,  folds  the  over-lapping  margin  of  doth  round 
the  edge  of  the  boards  and  the  top  and  bottom  of  the  hollow,  rubs  the  edges  and  inner 
marfljin  smooth  with  a  folding-stick,  and  each  case  is  then  taken  by  an  attendant  boy 
and  nung  up  to  diy.  This  process  is  soon  accomplished,  and  the  batch  of  cases  is 
next  psMcd  on  to  the  blockers. 

The  blocks  or  stamns  used  for  lettering  and  ornamenting  the  cases  of  books  are 
of  metal,  generally  of  brass,  cut  in  relief,  and,  besides  the  letterings,  are  of  various 
Idnds ;  bo»lev  finmes,  bands  for  the  back,  comer  or  centre  ornaments,  &c. ;  adapted 
to  the  various  characters  of  bodu,  and  the  tastes  of  publishers  and  purchasers.  In 
man^  instances,  spedal  designs,  pictorial,  emblematical  or  otherwise,  are  cut  for  some 
particular  bodLs ;  and  the  number  and  variety  of  blocks  that  accumulate  in  any  laige  . 
bookbinding  establishment  thus  becomes  very  great,  and  absorbs  a  considerable  capital. 
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The  requisite  block,  or  group  of  blocks  required  lor  the  oases  in  hand  bdng  prepared, 
they  are  accurately  actjusted  andseeured  (withtha  stao^ng  surHuse  downwai3s}to 
the  upper  bed  of  an  arming  press  {Jig,  161,  as  manufactured  \rj  F.  UUmer),  which  bed 
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is  perforated  by  channelB,  for  the  admission  of  a  jet  of  gas  or  steam*  suffieient  to  give 
tlie  required  heat  to  the  metal  blod^s  suspended ;  heat  ^ing  needful  to  give  distinct- 
ness and  permanence  to  the  impression  on  the  doth  case.  Beneath  the  stamping 
block  so  prepared  and  suspend^  is  a  table  on  which  has  to  be  fixed  a  frame  or 
gauge,  adjusted  to  the  exact  proportions  of  the  case  about  to  be  stam|)ed;  and  the 
table  is  then  brought  by  means  of  regulating  screws,  to  the  exact  position  under  the 
stamping-block,  to  reoeiye  tiie  required  impression  on  the  back  and  sides  of  each  case. 
The  application  of  a  leyer,  moved  either  by  hand  or  steam-power,  brings  the  super- 
incumbent and  heated  blodc  forcibly  upon  the  cloth  case ;  and  when  the  pressure  (which 
has  to  be  carefully  adjusted  so  as  not  to  give  too  fSaint  an  impression  on  the  one  hand, 
or  on  the  other  to  burn  too  deeply  and  injure  the  fabric  and  colour  of  tlie  doth)  the 
case  is  withdrawn  with  the  required  impression  stamped  upon  it ;  another  is  substi- 
tuted, and  the  process  is  repeated  throughout  the  required  number  of  the  sorL  An 
impression  given  simpler  as  above  described,  is  tedinically  termed  'blind  bloddng,' 
and  is  a  mere  indentation  in  the  doth  case  of  the  ^ttem  of  the  block  applied. 
When  gold  or  other  metal  for  lettering  or  ornament  is  required,  the  cover  m  the 
book  has  to  undergo  the  previous  process  of  *  laying  on '  as  follows : — 

Gold-leaf  is  laid  on  a  leather  cushion  and  divided  by  the  gentle  pressure  of  a  knife- 
edfie  into  slips  of  the  requisite  size,  which  are  then  defUy  and  smoothly  lifted  by 
adhesion  to  a  slightlv  greased  pad  and  transferred  from  it  to  the  part  or  parts  of  the 
doth  case  about  to  be  letterea  or  ornamented  in  gold.  The  case,  with  the  gdd-leaf 
thus  laid  on,  is  then  subjected  to  the  uressure  of  the  arming-press  as  in  blind  bloddng ; 
the  gold-leaf  is  pressed  by  the  heated  block  into  the  case  of  the  book,  which,  on  being 
withdrawn  from  the  lower  table  of  the  press,  is  gently  wiped  with  a  rag  or  bmshed ; 
this  removes  the  metal-leaf  from  every  impressed  part,  leaving  the  impression  of  the 
lettering  or  ornament  dear  and  distinct. 

The  cases  are  then  ready  to  be  fixed  upon  the  books  to  which  they  bdoug,  and 
which  having  been,  as  before  described  *  folded,  collated,  placed  and  sewn,*  and  after- 
wards '  papered  *  (this  last  term  being  given  to  the  pasting  of  the  end  papers  with  a 
fiy-leaf  to  the  beginning  and  end  of  each  volume)  have  to  undergo  tlie  ftuther  pcooesses 
needful  to  fit  them  for  insertion  into  the  cases.  In  the  first  place  the  edges  of  each  book 
are  either  cut  at  top,  tail  and  fore-edflo,  or  only  <  trimmed.'  This  last  operation  merdy 
nares  down  the  rough  and  projecting  leaves  at  the  fore-edoe  and  tail  nearly  to  the 
levd  of  those  leaves  which  present  a  double  or  quadruple  fold,  tedinically  tenned '  the 
bolt,'  and  leaving  the  top  of  the  book  entirdy  uncut,  so  that  without  redudng  the  general 
margin  of  the  book  a  neat  and  tolerably  uniform  edging  is  presented,    Thebacks  of  the 

162 


books  are  then  coated  with  glue,  on  which  is  laid  a  strip  of  strong  paper,  and  again 
over  that  a  lining  doth  or  webbing  of  tough  but  loose  and  elastic  texture,  which 


Digitized  by  VjOOQIC 


424  '       BOOKBINDING 

projects  beyond  the  -width  of  the  back  so  as  to  fonn  two  nings ;  these,  with  the 
projecting  ends  of  the  cross-cords  or  bands  and  the  end  papers,  form  the  combined 
material  for  securing  the  bo<^  in  the  case.  The  back  of  the  book,  howeyer,  before  its 
insertion  in  the  case,  is  rounded,  either  by  a  peculiar  manipulation  with  the  left  hand 
and  the  use  of  the  hammer  in  the  ri^nt  hand  of  the  workman,  or  by  the  use  of 
the  rounding-machine.  By  this  operation  a  concaye  surface  is  presented  at  the  fore- 
edge  of  the  book  corresponding  to  the  conyex  surface  produced  b^  rounding  its  back, 
and  lastly  each  yolume  is  tightly  nipped  (its  back  slightly  projecting  beyond  the  pres- 
sure) either  between  '  backing  boaros,'  or  by  the  jaws  of  a  backing  madiine  {fig,  162, 
as  manufactured  by  F.  UUmer).  The  whole  surface  of  the  back  is  then  hammei^dd  and 
pressed  till  it  spreads  out  beyond  the  thickness  of  the  rest  of  the  yolume,  and  a 
projection  is  produced  along  each  edge  of  the  back,  forming  two  ridges,  which  fit  into 
the  space  before  described  as  being  left  by  the  case-makers  between  each  board  and 
the  hollow  of  the  case,  thus  combining  to  form  a  hinge  and  giye  the  needM  play  to 
the  opening  and  shutting  of  the  lid  of  the  book. 

As  before  in^cated,  the  end  papers,  the  flap  of  the  lining  doth  and  the  ends  of  the 
cords  or  bands  are  then  pasted  to  the  inside  of  the  case  first  on  one  side  and  then 
on  the  other,  the  projecting  lodges  of  the  back  being  at  the  same  time  pressed  by 
the  workman  into  the  space  left  for  them  between  the  band  and  the  hollow  of  the  case 
— theyolumes  are  carenilly  laid  between  pressing-boards  with  their  rounded  backs  put 
outside  the  edges  of  each  pressing-board  so  as  to  escape  the  coming  squeeze  and  the 
pile  of  boards  and  books  is  then  subjected  to  pressure  for  a  needfU  period,  either  in 
an  hydraulic  or  screw-press.  After  a  sufftdent  space  of  time  and  pressure  to  allow 
the  paste  to  dry,  the  press  is  emptied  of  its  contents,  each  ydume  opened  and  ex- 
amined to  see  t^t  it  is  correctly  inserted,  and  the  lot  is  then  ready  for  deliyery  to 
the  publisher. 

Such,  with' some  yariations  of  detail  in  difibrent  establishments,  are  the  processes 
by  which  the  myriads  of  books  issued  by  the  lai^  publishing  houses  throughout  the 
year  are  bound  with  great  i»pidity,  at  a  low  price,  and  in  endless  yarieties  of  style 
to  suit  eyeiy  taste.  I 

We  turn  now  to  the  more  elaborate  and  complete  st^le  of  binding,  (technically 
termed  *  extra  binding,')  which  is  substantially,  with  certain  modifications,  the  mtem 
adopted  eyer  since  the  book  proper,  with  its  rectangular  figure,  and  its  distinct  leayes 
united  together  at  their  back  edge,  superseded  the  extended  sheet  or  series  of  sheets 
which  in  ancient  times  were  rdled  round  a  cylinder  and  formed  the  *  yolumen '  or  roll, 
from  which  our  term  '  yolume,'  no  longer  strictly  applicable,  is  deriyed. 

Instead  of  a  case  completely  fitted  and  finished  being  jiasted  or  glued  upon  the 
book  prepared  for  it,  as  preyiously  described,  the  coyer  of  the  book  in  extra  oinding 
is  generally  fitted  on  piecemeal,  c&awn  oyer  the  boards,  and  the  lettering  or  ornament 
adaod  last  when  the  coyer  has  been  fitted  and  attached  to  the  book.  The  edges  of  a 
bound  book  after  being  cut  round  are  ^nerally  either  sprinkled,  wholly  coloured, 
marbled,  or  gilt.  In  the  first,  a  brush  slightly  charged  with  colouring  fiuid  is  struck 
smartly  oyer  the  edges  of  the  books  so  as  sprinkle  them  with  a  unifonnl^  distributed 
shower  of  small  spots ;  in  the  second  a  sponge  or  brush  dipped  in  odour  is  applied  to 
the  edges,  which  are  tightly  compressed  so  as  not  to  allow  the  colour  to  penetrate  the 
margin  of  the  books ;  in  the  thiro,  the  edges  are  applied  to  colours  -v^ch  by  a  peculiar 
process  are  made  to  fioat  on  water  in  patterns  combined  so  as  to  produce  a  marbled 
efifect,  and  which  are  transferred  by  contact  ftom  the  sur&ce  of  the  water  to  that  of 
the  book-edfie  which  is  afterwards  burnished;  in  the  fourth,  gold-leaf  is  laid  upon 
the  edges  -vniidi  haye  been  preyiously  coated  with  a  solution  of  white-of-eg^,  ice. 
termed  'glaire,'  to  which  the  gold-leaf  adheres,  and  is  then  burnished  with  a 
polishing  tool,  tipped  with  agate. 

The  ends  of  the  cords  are  then  drawn  by  the  *  forwarder '  through  holes  pierced  in 
the  boards,  near  their  back  edge,  unrayeUed,  spread  out  and  hammered  down  to  the 
leyel  of  the  board  so  as  to  present  no  unsightly  lump  under  the  leather.  The  leather 
for  the  coyer  is  pared  round  its  edges,  softened  by  manipulation  and  the  application 
of  paste-water  to  make  it  pliable,  and  is  then  pasted  eyenly  and  siAoothly  oyer  the 
boards  and  back  of  the  book,  worked  well  into  the  hinge  and  round  the  'raised  bands,' 
(if  there  are  any),  turned  neatly  oyer  the  edges  and  round  the  corners,  and  rubbed 
down  with  a  foldmg-stick ;  *  head-bands '  giying  a  neat  and  finished  appearance  and 
additional  security  to  the  turning  in  of  the  leaUier  at  the  back  are  then  added  to  the 
top  and  tail  of  the  book.  Sometimes  lettering-pieces  of  a  difierent  colour  to  the  rest  of 
the  book  are  used,  being  pared  yer/thin  so  as  to  ayoid  any  unsightly  swelling,  and 
pasted  and  rubbed  down  on  that  part  of  the  book  which  is  to  receiye  the  lettering. 
If  the  book  is  *  half^bound,'  instead  of '  -vdiole-bound,'  the  leather  is  limited  to  a  strip 
at  the  back  and  a  short  cUstance  fimm  the  bad:  on  each  side,  and  to  the  comers ; 
the  sides  of  the  book  being  coyered  with  cither  marbled  or  coloured  paper  or  cloth. 
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aod  tooled  irhere  the  last  material  slightly  oyerlaps  the  leather  back  and  comers,  so 
as  to  hide  the  join.  *  Raised  bands  are  formed  of  strips  of  pasteboard  or  parch- 
ment placed  at  regular  intervals  across  the  back  of  the  book,  leaving  a  space  termed 
*  pands '  between  them,  and  the  pliable  leather  is  stretched  and  -worked  over  and 
round  the  edges  of  the  bands,  so  as  to  give  to  the  whole  back  a  neat  and  uniform 
appearance. 

The  'forwarder*  then  passes  the  book  on  to  the  <  finisher,*  whose  duty  it  is  to  add 
the  required  lettering  and  ornament 

The  tools  used  by  him,  whether  single  letters  or  figures,  or  *  pallets  *  (that  is,  the 
tide  of  a  book,  &c.,  cut  in  a  single  metal  block)  are  mounted  on  wooden  handles,  and 
applied  before  use  to  a  gas  burner,  in  order  to  obtain  the  requisite  heat 

If  the  impression  of  uie  tool  is  intended  to  be  gilt^  the  fimsher  lays  on  gold- leaf  in 
a  manner  similar  to  that  described  in  cas^bloddng,  and  the  tool  moderately  heated 
is  applied,  not  by  an  arming  press,  but  by  the  finisher,  on  whose  steadiness  of  hand 
and  accuracy  of  eye  the  proper  and  even  application  of  the  yarious  tools  succes- 
sively used  in  lettering  or  ornament  is  dependent.  Additional  pressure  is  given  when 
needful  for  the  larger  tools,  by  the  finisher's  leaning  his  shoulder  or  chin  against  the 
end  of  the  handle  to  assist  the  action  of  his  hand.  The  supwfiuous  spld-leaf  is  then  . 
cleaned  off  as  in  case  blocking,  b^  a  greasy  rag  or  a  piece  of  Inma-rubber,  after 
which  the  book  is  carefully  examined,  roughnesses  smoothed  down,  and  defective 
workmanship  corrected,  and  a  coating  of  polish  or  glaize  given  where  required.  Lastly, 
the  end  paners  are  pasted  down,  and  after  a  final  examination  as  to  accuracy  of 
lettering  and  other  details,  the  book,  after  having  a  final  squeeze  to  make  it  lie  square 
and  sobd,  is  turned  out  complete. 

The  implement  generally  used  by  the  extra  binder  for  catting  the  edges  of  single 
books  is  the  plough  {Jigs,  163  to  168). 


The  pkngh  {fig,  168)  is  made  to  receive  two  knives  or  entters,  and  which  are 
situated  in  the  plough  in  the  following  manner : — ^The  plough  is  composed  of  three 
principal  parts — namely,  the  top,  and  it  two  sides.  The  top,  o,  is  maae  the  breadth 
of  the  cross  piece  a,  and  with  a  iiandle  made  fast  thereon.  The  sides,  pp^  are  bolted 
thereto  with  bolts  and  nuts  through  corresponding  holes  in  the  top  and  sides.  The 
figures  give  inside  views  and  cross  sections  of  the  details  of  the  manner  in  which  the 
cutters  and  adjustments  are  mounted.  A  groove  is  cut  down  each  cheek  or  side,  in 
which  are  placed  screws  that  are  held  at  top  and  bottom  ftom  moving  up  and  down, 
but,  by  turning,  they  cause  the  nuts  upon  them  to  do  so ;  they  are  shown  at  q  q. 
These  nuts  have  each  a  pin,  projecting  inwards,  that  goes  into  plain  holes  made  in  the 
topends  of  cutters  r  r. 

The  cutters  and  the  work  for  causing  them  to  go  up  and  down  are  sunk  into  the 
cheeks,  so  as  to  be  quite  level  with  their  inner  su^&ces.  ^  Fig,  164  shows  one  of  these 
screws  apart,  how  fixed,  and  with  moveable  nut  and  projecting  pin.  The  top  of  each 
screw  terminates  with  a  round  split  down,  and  above  it  a  pinion-wheel  and  boss 
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thereon,  also  similarly  split.  This  pinion  fits  upon  tlie  split  pin.  Above,  there  is 
cross  section  of  a  hollow  coupling  cap,  -with  steel  tongue  across,  that  fits  into  both  the 
cuts  of  the  screw  pin  and  pinion  boss,  so  that,  when  lowered  upon  each  other,  they 
must  all  turn  together.  In  the  middle  and  on  the  top  of  the  upper  piece,  o,  the  large 
wheel «,  runs  loose  upon  its  centre,  and  works  into  the  two  pinion  wheels,  1 1  (fig,  168). 
The  wheel  $  has  a  fly  nut  with  wings  mounted  upon  it 

It  will  now  be  seen,  when  the  plough  is  in  its  place,  as  at  fig,  1 65,  that  if  it  be  pushed 
to  and  fro  by  the  right  hand,  and  the  nut  occasionally  turned  by  the  left^  the  knives, 
or  cutters,  will  be  protruded  downwards  at  the  same  tune,  and  these  either  will  or  will 
not  advance  as  the  coupling  caps,  u  v,  are  on  or  o£ 
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When  the  edges  of  a  number  of  copies  of  the  same  book  have  to  be  cut,  the  opera* 
tion  is  greatly  accelerated  bv  the  use  of  Wilson's,  or  other  cutting  machines  {fig,  169), 
which  are  adapted  for  working  either  by  hand  or  by  steam-power. 

The  cutting  machines  consist  of  an  iron  sliding  table  fitted  with  an  upright  plate  at 
light  angles  to  the  sur&ce  of  the  table,  against  which  Uie  backs  of  the  pile  of  books 
a&ut  to  have  their  fore-edges  cut  are  pla^.  By  means  of  a  turning  wheel  the  fore- 
edges  of  the  pile  of  books  are  then  brought  in  the  exact  position  proper  to  receive  the 
descending  Imife-edge.  This  knife,  long  enough  to  reach  from  side  to  side  of  the 
table,  and  therefore  alon^  the  whole  range  of  books  i>laced  upon  it,  is  fitted  into  a 
frame  so  as  to  act  on  the  pnnciple  of  the  guillotine,  and  either  by  a  directly  downward  or 
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by  a  diAgonal  moTement.  A  few  turns  of  a  fly-wheel,  worked  either  by  hand  or 
Bteam-power,  bring  the  heavy  pressure  of  an  iron  bar  upon  the  pile  of  boc^  when 
thus  brought  into  their  proper  position  under  the  ffuillotine,  by  which  the  pile  is 
squeesed  into  a  firm  compact  mass,  upon  which,  and  simultaneously,  the  knife-edge 
is  by  the  same  power  brought  down,  and  the  rough  and  superfluous  forenedges  are  at 
one  stroke  severod  from  the  rest,  leaving  a  smooth  and  pohshed  surface  on  the  fore- 
edges  of  the  books,  instead  of  the  rough  and  uneven  one  before  presented.  The  posi* 
tlon  of  the  pile  is  then  carefully  shifted  so  as  to  bring  in  succession  the  tops  and  the 
tails  of  the  pile  of  books  to  the  like  action  of  the  guillotine,  and  in  a  yery  imort  space 
of  time  (varying  according  to  the  sise  and  thickness  of  the  volumes  operated  on)  the 
edges  of  many  hundreds  H  books  are  cut  smooth  and  in  readiness  for  the  sprinkler, 
the  colourer,  the  marbler,  or  the  gilder. 

MOOMJtM  ^ITOOB.  An  Indian  wood,  used  for  dyeing  red,  the  pvoduoe  of  the 
Sappan  tree,  CtBMlpwut  8oppa$it 

aom^OZO  AO»»or  BOSZO  AOZB,  {ADid$  borique,  Er.;  Bcnaure,  Ger.) 
Composition  of  the  anhydride,  BO'  (S*0*) ;  of  the  oiystaUised  add,  BO",  SHO 
(»H>>,  3K»0). 

The  chief  sources  of  this  add  and  its  salts — the  borates— are  the  hot  vapours,  or 
foffioni,  which  issue  from  the  ground  in  certain  parts  of  Tuscany,  and  are  utilised  by 
a  process  fully  described  below.  In  addition  to  its  occurrence  in  these  vapours, 
b<ffadc  add  is  found  native  in  a  solid  state,  forming  the  mineral  Sasiolineor  SoMoUte^ 
so  called  firom  Sasso,  in  Tuscany,  the  locality  in  wmch  it  was  originally  discovered  by 
Mascagni*  SassoUne  is  usually  found  in  the  form  of  small  white  peariy  scales, 
with  a  soapy  feel.  Theoretically,  the  pure  mineral  should  contain  66*4  per  cent,  of 
boradc  add  (anhydride)  and  43 '6  of  water.  Klaproth,  in  examining  the  Sassoline  of 
Sasso,  found  80  jper  cent  of  boradc  hydrate,  with  11  per  cent  of  protosulphate  of 
manganese,  and  3  per  cent  of  sulphate  of  lime,  together  with  silica,  carbonate  of  lime, 
and  other  mechani<^y-mized  impurities.  Sassoline  also  occurs  abundantly  in  the  crater, 
of  Yulcano,  one  of  the  Lipari  Islands,  forming  a  layer  on  the  sulphur^dnd  ajronnd  the 
fumaroles,  or  exits  of  the  sulphurous  exhalations. 

Among  the  numerous  compounds  of  boradc  add  occurring  ready  formed  in  nature, 
the  most  important  are  native  borax,  or  biborate  of  soda,  and  tineal,  or  crude  borax : 
substances  ndly  described  under  the  head  of  Boiux.  Of  the  other  native  borates, 
the  following  are  the  more  interesting  spedes : — 

BoraeUe,  a  borate  of  magnesia  with  cnloride  of  magnesium,  containing  when  pure 
62'5  per  cent  of  boradc  add  (anhydride V.  It  crystaUises  in  the  cubic  svstem,  often 
in  hemihedral  or  tetrahedral  forms,  and  is  remarkable  for  bdng  pyro-electrio^--that 
is,  for  exhibiting  electrical  polarity  when  exposed  to  a  change  of  temperature.  The 
mineral  is  Airther  notable  for  its  anomalous  optical  properties ;  thus,  a  lay  of  light 
in  passing  through  a  ciystal  of  bocadte  mstm  doable  reftaodon,  contrary  to  the 
gexieral  r^  that  czystals  belonging  to  the  cubic  system  are  not  capable  of  thus 
aflfecting  light  The  probable  explanation  of  this  anomalous  behaviour  on  the  part  of 
bonidte  is  beyond  the  scope  of  this  article. 

Boradte  is  usually  foun^  in  association  with  depodts  of  rock-salt  and  gsrpsum. 
The  mineral  occurs  crystallised  at  Luneburg  in  Hanover,  and  at  Stassfurt  near 
Magdeburg ;  the  latter  locali^  also  yields  a  massive  boradte  called  8tM»$furtUe, 

XJUsUe  or  BorcnatroeaJeite  is  a  hydrous  borate  of  lime  and  soda,  occurring  in  white 
reniform  masses,  from  the  size  of  a  hazel-nut  to  that  of  a  potato,  scattered  over  the 
diT  plains  of  Iqiiique,  in  Southern  Peru,  and  in  the  Province  of  Tarapaca,  where  it  is 
caUed  Uea*  It  is  also  found  in  Nova  Scotia  and  in  Nevada.  A  spedmen  from  Peru 
yielded— boradc  add,  45*46  ;  lime  14*32 ;  soda,  8*22 ;  potash,  0*61 ;  sulphuric  add, 
1*10 ;  chloride  of  sodium,  2*65 ;  sand,  0*32.  This  analysis  was  made  by  Mr.  A  Dick, 
in  the  metallurgical  laboratory  of  the  Museum  of  Practical  Qeology.  The  term 
Sayeaine  was  formerly  applied  to  this  mineral,  but  some  confVurion  has  arisen  in  the 
application  of  this  name.  According  to  Hayes  the  pure  spedes  contained  no  soda, 
and  was  simply  a  hydrous  borate  of  lime.  Mr.  David  Forbes  discovered  a  borate  of 
lime  in  the  form  of  white  dlky  flakes  suspended  in  the  waters  of  the  hot  springs 
called  the  Bancs  del  Toro,  in  the  Cordilleras  of  Goquimbo.  The  formation  of  this 
substance  was  instructive,  as  throwing  light  upon  tne  probable  origin  of  the  same 
compound  elsewhere,  liyhen  the  hot  vapours,  emanating  from  the  neighbouring 
vohainoes,  passed  into  springs  of  water  hig^lv  charged  with  carbonate  of  lime,  the 
boiadc  add  of  the  vapours  combined  with  the  lime  to  form  borate  of  lime,  whilst 
carbonic  add  gas  was  set  free.  The  term  SeckilUe  has  been  applied  by  Dana  to  a 
borate  of  lime  from  Tuscany. 

Hawlite  or  SUkoborocakiU  is  a  hjrdrous  boro-silicate  of  lime,  containing  about  48  per 
cent  of  bomdcaddg  and  occurring  in  nodular  forms  in  gypsum  and  anhydrite  in  Nova 
Scotia. 
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Cryptomorphite  is  a  hjdiated  borate  of  lime  and  soda,  vith  68*6  per  cent  of 
borado  acid,  closely  lelatod  to  Ulezite.    It  has  been  found  in  Neyada. 

Zardarellite  is  a  borate  of  ammonia  found  in  the  lagoons  of  Tuscany,  and  named 
alter  the  late  Count  Lardarel — ^the  founder  of  the  Tuscan  boradc  add  industry. 

LoffowUe  is  an  earthy  borate  of  peroadde  of  iron,  also  found  in  these  lagoons. 

In  addition  to  the  species  noticed  above,  in  which  boradc  add  forms  a  main 
constituent,  there  are  several  minerals  which  contain  this  add  in  subordinate  quantity, 
^us,  boracic  add  is  present  in  Danburite  to  the  extent  of  about  28  per  cent ;  in 
JkUolUe  to  about  22  per  cent ;  in  Tourmaline  in  variable  proportions  up  to  12  per 
cent ;  and  in  AsiniU  it  is  present  in  quantity  ranging  from  2  to  6  per  cent  But  of 
all  the  boradc  minerals  it  is  only  the  borates  of  soda,  lime,  and  magnesia,  which 
have  hitherto  been  found  in  suffident  abundance  to  be  economically  employed  in  the 
preparation  of  borado  add  and  the  alkaline  borates. 

The  great  supply  of  boradc  acid,  however,  is  derived  from  the  boradc  acid 
lagoons  of  Tuscany.  Before  the  discoveiy  of  this  add,  in  the  time  of  the  Grand- 
Duke  Leopold  I.,  by  the  chemist  Hoffer,  the  fetid  odour  developed  by  the  sulphuretted 
hydrogen  gas  and  Uie  disruptions  of  the  ground  occasioned  by  the  appearance  of  new 
soffiotU,  or  vents  of  vapour,  nad  made  the  natives  regard  them  as  a  diabolical  scourge, 
which  they  sought  to  remove  by  priestly  exordsms ;  but  since  sdence  has  explained 
the  phenomena,  the  fumaoeki  have  become  a  great  boon  to  the  district  ftod  a  source 
of  public  prosperity. 

The  hot  vapours  of  the  soffioni  consist  of  a  mixture  of  permanent  gases, 
oondenslble  vapours,  and  meehanically-suspended  solid  partides.  Among  the  usual 
constituents  may  be  mentioned  carbonic  add  gas,  nitrogen,  oinrgen,  sulphuretted 
hydrogen,  watery  vapour,  ammonia,  sulphate  of  ammonia,  hjrdrochloric  add,  organic 
matter,  and  borado  add.  To  collect  this  boradc  add,  which  is  never  present  in  more 
than  very  minute  quantify,  the  soffioni.sxQ  endosed  by  low  walls  of  coarse  masonry, 
or  bride-work,  glased  on  the  inside,  and  forming  a  series  of  circular  basins,  the 
diameter  and  depth  of  which  vary  greatly  in  different  works.    The  larger  basins  may 
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endoee  several  distinct  vents.  A  series  of  these  circular  basins  is  arranged  in 
terraces  on  the  side  of  a  hiU,  as  represented  in  fig,  170.  A  small  stream  of  water, 
from  an  adjacent  spring,  is  introduced  into  the  uppermost  basin  A  b,  Uius  forming  a 
small  pool  or  artificial  lagoon.    By  the  escape  of  the  hot  vapours  rising  from  below, 
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the  water  of  this  lagoon  becomes  more  or  less  agitated  and  gradually  heated,  and  at 
the  same  time  impregnated  with  the  boradc  odd.    After  standing  for  24  hours  in  the 
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npjwr  baain  a  b,  the  weak  solution  is  ran  out,  through  the  channel  a  into  the  second 
basin  o  d.  Here  it  takes  up  another  dose  of  boracic  acid,  and  after  24  hours  is  run 
off  into  the  next  lower  basin  b  f.  After  haying  in  this  way  trayersed  six  or  eight  of 
the  lagoons,  the  solution  aoouires  a  specific  gravity  of  1*007>  and  contains  about  one- 
half  per  cent  of  boracic  add.  This  solution  passes  firom  the  last  basin  o  h  (Jy.  171) 
into  a  series  of  darifiers  and  evaporating  vessels,  represented  in  section  in  j^.  171> 
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and  in  plan  in  fy,  172.  In  the  large  square  brick  vessel  i,  called  a  wseo,  the 
solution  deposits  much  of  the  mud  which  it  holds  in  suspension.  After  subsidence  of 
a  great  part  of  its  mechanical  impurities,  the  comparatively  dear  liquor  is  drawn  off 
into  other  settling  tanks  j,  x,  and  thence  into  a  long  succession  of  square  leaden 
evaporating  pans,  of  which  half-a-dozen  are  represented  by  l,  m,  k,  o,  p,  q.  The  heat 
for  effecting  this  evaporation  was  formerly  obtained  by  the  combustion  of  wood,  but 
Count  Larderers  capital  improvement — an  improvement  without  which  the  Tuscan 
soffiani  could  never  have  been  profitably  utilized— consisting  in  dispensing  altogether 
with  the  use  of  artificial  fuel,  and  conducting  the  evaporation  by  means  of  the  natural 
heat  of  the  volcanic  emanations.  Accordingly,  jets  of  steam  issuing  from  the  ground 
are  introduced  through  flues  under  the  evaporating  pans,  and  conducted  successivelv 
fiK>m  the  lowest  to  the  highest  of  the  series.  The  solution  during  its  passage  throng 
the  system  of  evaporating  vessels,  which  lasts  about  62  hours,  gradually  becomes 
concentrated,  and  by  the  time  it  reaches  the  last  vessel  is  sufficiently  strong  to  be 
passed  to  the  crystallising  tubs,  s  s.    Fig,  173  represents  an  improved  form  of 


evaporating  apparatus,  in  which  the  liquid  from  the  vasco  b  passes  to  a  shallow 
boiler,  c,  ^ence  it  runs  slowly  over  an  inclined  table  of  sheet  lead,  d  b,  about  160 
feet  lonff,  and  having  its  surface  corrugated  so  as  to  forma  series  of  channels  through 
which  ^e  solution  flows.  Buring  its  passage,  the  solution  slowly  evaporates,  by  the 
heat  of  the  soffioni  introduced  below,  and 
finally  reaches  the  vessel  v  in  a  suffidenUy  '-** 

concentrated  form. 

The  concentrated  solution,  obtained  by 
either  of  these  methods  of  evaporation,  is 
mixed  with  some  of  the  mother-liquor  of  the 
pans,  and  set  to  crystallise  in  the  round  tubs 
s  s  {jiffs.  171 ,  172, 1 74),  each  having  a  capad^ 
of  about  8  cubic  feet,  and  being  made  of  wood, 
lined  with  lead.  The  small  crystals  on  re- 
moval are  drained  in  baskets  J,  at  the  top  of 
the  tub,  and  while  still  moist  are  spread  out 
in  a  layer  on  the  fioor  c  o  of  the  drying 
chamber  (Jia,  174),  which  is  heated  by  steam  circulating  in  a  space  included  between 
this  floor  and  another  floor  below. 
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The  boracio  add  of  the  Tuscan  lagoons  ia^obtained  from  nine  di£fennt  works:— 
Sasso,  Larderello,  Lervazano,  Monte  Cerboli,  Caatel  Nnovo,  Monte  Rotondo,  San 
Frederigo*  Lostignano,  Lago ;  prodadng  168,856  ayoiidupois  pounds  per  month. 

The  late  Count  Larderel  ftamished  Mr.  W,  P.  Jenris  with  the  following  statement 
of  the  production  of  borade  add,  from  the  commencement  of  the  wcwks  to  the  year 
1859  :— 

Tons   Owtfl. 


1818  to  1828  . 

.   621 

16 

1849 

1829  „  1838  . 

.    4.870 

1860 

1839  . 

748 

1861 

1840  . 

878 

1862 

1841  . 

886 

1863 

1842  . 

923 

1864 

1843  . 

923 

1866 

1844  . 

923 

1866 

1845  . 

928 

1867 

1846  . 

1,043 

1868 

1847  . 

1,043 

1869 

1848  . 

1,048 

Tons 

Cwts. 

1,043 

13 

1.043 

13 

1,140 

0 

1,166 

19 

1,208 

19 

1,319 

7 

1,332 

19 

1,427 

1 

1,711 

4 

2,026 

10 

1.803 

18 

Society  of  Asrii  JowmoL 

Although  tho  borade  add  in  the  lagoons  of  Tuscany  was  discovered  in  1777  by 
Peter  HoefiEer,  apothecary  to  the  Qrand-Ihike  of  Tuscany,  until  1818  all  the  efibrts 
made  to  render  it  profitable  to  obtain  it  were  of  the  most  desultory  character,  and 
generally  fitilures.  In  1818  Count  Larderel  established  the  first  works  at  Monte 
Cerboli,  and  used  artificial  heat  to  efibet  the  eTaporation.  In  1828  he  began  to  y$e 
the  natural  heat  qf  the  ecffioni  to  evoforaU  the  boracic  waters  of  the  lagoone^  eflfecting 
thus  an  enormous  saving  and  greatly  extending  the  works.  . 

The  late  Professor  Graham,  in  his  '  Report  on  the  Chemical  Products  of  the  Great 
Exhibition  of  1851,'  thus  speaks  of  Larderel's  discovery : — 

'  The  preparation  of  borade  add  by  Count  F.  de  Larderel,  of  Tuscany,  was  re- 
warded l^  a  Council  medal.  Although  this  well-known  manufftcturo  is  not  recent, 
having  attained  its  full  development  at  least  ten  years,  still  the  bold  oiiginality  of  its 
first  cenception.  the  perseverance  and  extraordinary  resources  displayed  in  the  suc- 
cessful establishment,  and  the  -^ue  of  the  product  which  it  supplies,  will  always  jdace 
the  operations  of  Count  de  Larderel  among  the  hij^hest  achievements  of  the  useltd  arts, 
and  demand  the  most  hcmourable  mention  at  this  epoch.  The  vapour  issuing  from 
a  volcanic  soil  is  condensed,  and  the  minute  proportion  of  borade  add  which  it  con- 
tains (not  exceeding  0'3  per  cent)  is  recovered  by  evaporation,  in  a  district  without 
fuel,  by  the  amplication  of  volcanic  vapour  itself  as  a  source  of  heat.  The  borade 
add  thus  obtained  greatly  exceeds  in  quantity  the  old  and  limited  supply  of  borax 
from  the  upper  dis&cts  of  India,  and  has  greatly  extended  the  use  of  that  salt  in  the 
glazes  of  porcelain,  and  recently  in  the  making  of  the  most  brilliant  crystal,  when 
combined  with  the  oxide  of  zinc  instead  of  Uie  oxide  of  lead.* — Reports  of  the  Jurors  qf 
the  Great  ExkUntion  of  IS6U 

Various  hvpothesea  have  been  advanced  to  explain  the  origin  of  the  borade  add 
in  the  heated  vapours  of  the  Tuscan  lagoons.  Borade  add  is  not  known  in  an  un- 
oombined  state  as  a  constituent  of  any  rock,  but  it  seems  likely  that  the  deep-seated 
rocks  whence  the  vapours  issue  may  contain  certain  borates — such  as  boracite— ^nd 
by  the  action  of  hot  aqueous  vapour  on  these  compounds  borade  add  may  be  elimi- 
nated. 

The  processes  of  chemical  alteradon  taking  place,  beneath  the  crater  of  Tulcano, 
already  spoken  of,  may,  according  to  the  statement  of  Hoffinann,  depend  upon  con- 
ditions very  similar  to  those  existing  in  Tuscan^r.  There,  likewise,  sulphuretted 
hydr(M[en  is  associated  with  the  boracic  add,  and,  it  would  appear  in  much  greater 
quantity,  dnce  the  fissures  through  which  the  vapour  issues  aro  thickly  lined  with 
sulphur,  which  is  in  suffident  (quantity  to  be  collected  for  sale.  A  profitable  £BM;tary 
is  established  at  the  place,  which  yields  daily,  besides  borade  add  and  chloride  at 
ammonium,  about  1,700  lbs.  of  refined  sulphur  and  about  600  lbs.  of  puro  alum.— 
Bisohqf. 

The  borade  add  obtained  from  the  waters  of  the  Tuscan  lagoons  by  the  tnrocess 
previously  described  is  always  mora  or  less  impure.  M.  Payen  has  given  tne  fol- 
lowing as  the  compodtion  of  this  crude  borade  aad  for  100  kilogrammes :  — 


Pure  erystallised  borade  add  .        • 

Sulphate  of  ammonia,  magnesia,  and  lime     • 

Sand  and  sulphur 

Hygroscopic  water  disengaged  at  36^  C. 
An>tic  matter,  hydrochloiate  of  ammonia,  ^ 


74  to  84 

14  to  8 
2-6  to  1'23 
7  to  576 
2*6  to  1 
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Aoocndiog  to  Wittsteio,  the  commereial  boracic  add  is  composed  as  follows : — 

Sulphate  of  manganese a  trace 

iron 0-365 

alumina 0*320 

lime 1*018 

magnesia 2*632 

ammonia 8*508 

soda 0*917 

potash 0*369 

Sal  ammoniac 0*298 

Silica  (in  solution^ 1*200 

Snlphuiio  add  (with  tiie  boiadc)        .        ,        .        .  1*322 

GiystaUisable  borado  acid 76*494 

Water        .        •        . 6-657 


100-000 


To  obtain  pure  boradc  add,  the  crude  commerdal  product  should  be  converted  into 
borax  by  saturating  its  solution  with  carbonate  of  soda,  and  a  hot  solution  of  this 
borax  be  then  decomposed  by  addition  of  oil  of  vitriol,  when  sulphate  of  soda  is 
formed,  and  boradc  add  set  free.  iNire  boracic  add  crystallises  in  pearly,  wlute, 
greasy  scales,  sparingly  soluble  in  cold  water,^  but  dissolving  in  three  times  their 
weight  of  boiling  water,  and  forming  a  solution  possessing  but  feebly  add  properties. 
It  is  more  soluble  in  alcohol,  and  the  solution  bums  with  a  characteristic  green  flame. 
This  flame  examined  by  the  spectroscope  presento  a  peculiar  system  of  green  bands. 
At  a  moderate  temperature  bcu»dc  acid  loses  part  of  ite  water  of  crystallisation,  and 
forms  a  compound  known  as  tnetaboric  acid,  Bj  farther  heating,  the  remainder  of 
the  water  is  expelled,  and  the  anhydrous  oxide  (BO*)  left*  This  anhydride  is  readily 
Visible  to  a  transparent  glass  of  spedflo  gravity  1*88.  Many  of  the  borates  are  also 
eminently  fusible,  and  hence  their  value  as  fluxes.  At  a  higher  temperature,  boradc 
anhydride  volatilises. 

B<»ade  add  was  formerly  called  Homberg's  aedative  aali,  but  is  not  now  officinal. 
It  is  sometimes  used  by  the  druggist  to  increase  the  solubility  of  cream  of  tartar. 

BOmAOZTB.    See  Bobacio  Aom. 

BOBATB  or  "LTMBi    See  BoBACic  Acn>. 

BOmATB  or  801IA.    See  Borax. 

BOBATB8.    Salte  of  boracic  add.    See  '  Watto's  Dictionary  of  Chemistry.' 

BOBAZ.  {BoraXf  Fr. ;  Borar,  Ger.)  Supposed  to  be  the  ekry9ocoUa  of  Pliny. 
In  the  seventh  century,  Oeber  mentions  borax ;  and  it  was  described  by  Geoflfroy  and 
by  Bazon  in  the  early  part  of  the  dghteenUi  century.  Borax  is  a  compound  of 
boradc  acid  and  soda  (biborate  of  soda^  found  native  in  Thibet,  in  Cluna,  in  Persia, 
the  island  of  Oeylon,  California,  and  in  South  America ;  it  has  also  been  found  in 
small  quantities  in  SuK>ny.  The  crude  product  ftom  the  former  localitr)r  was  imported 
into  Europe  under  the  name  of  tincal.  Tincal  was  originally  brought  from  a  salt 
lake  in  Thibet ;  the  borax  was  dug  in  masses  from  the  cages  and  shallow  parte  of  the 
lake ;  and  in  the  course  of  a  short  time  the  holes  thus  n»de  were  again  nlled.  The 
imported  tincid  was  purified  £rom  some  adhering  fitty  matter  by  a  process  kept  a 
long  time  secret  by  the  Venetians  and  the  Dutch,  and  which  consisted  chiefly  in 
boiBng  the  subetence  in  water  with  a  little  quicklime. 

Attention  has  been  directed  within  the  last  few  years  to  some  extraordinanr  de- 
posito  of  borax  in  Borax  Lake,  California.  This  lake  is  a  small  body  of  water,  rorm- 
ing  a  narrow  arm  on  the  eastern  side  of  Clear  Lake,  Arom  which  it  is  separated  by  a 
low  ridge  of  loose  volcanic  materials.  It  is  situated  about  65  miles  N.  n.  of  Suisan 
Bay,  and  about  36  miles  from  the  Padfic  coast.  Borax  Lake  was  first  described  in 
1856,  by  Dr.  Veatch,  who  detected  the  presence  of  borax  in  the  water,  and  some 
months  afterwards  a  large  bed  of  cr^tals  of  borax  was  -discovered  at  the  bottom. 
Some  of  these  oystols  are  microscopic,  but  others  are  unusually  large,  some  of  the 
faces  measurinff  from  2  to  8  inches  across.  They  form  a  layer  of  variable  thickness, 
intermixed  with  blue  mud  at  the  bottom  of  the  lake,  from  which  they  are  collected 
during  the  dry  season.  A  sample  of  water  from  the  lake,  collected  in  September 
1868,  and  analvsed  by  Mr.  O.  £.  Moore,  oontoined  2401*56  grains  of  solid  matter  per 
gallon,  of  whidi  about  one-half  was  chloride  of  sodium,  one-fourth  carbonate  of  soda, 
and  the  rest  chiefly  borax.  Indeed,  the  water  contained  ^  gallon  281*48  grains  of 
anhydrous  bib(»ate  of  soda,  equivalent  to  535*08  grains  of  crystallised  borax. 
Samples  collected  ftram  a  cofl^r-dam  sunk  in  the  middle  of  the  lake  were  even  richer. 
The  borate  of  soda  has  also  been  found  at  Potoei,  in  Peru ;  and  it  has  been  discovered 
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by  Mr.  T.  Steiry  Hunt,  of  the  Geological  Survey,  in  Oanada,  from  vhose  report  the 
following  extract  is  made : — 

*  In  the  township  of  Joly  there  oocors  a  rerv  interesting  spring  on  the  banks  of  the 
Bnisseau  MagneniU;»  a  branch  of  the  BiTiire  Sond,  about  five  miles  from  the  mUls  of 
Methot  at  Saint  Croix.  The  spring  furnishes  three  or  four  gallons  a  minute  of  a 
water  which  is  sulphurous  to  the  taste  and  smell,  and  deposits  a  white  matter  along 
its  channel,  which  exhibits  the  {mrple  vegetation  generallY  met  with  in  sulphur  springs. 
The  temperature  of  this  spring  in  the  evening  of  one  7th  of  July  was  46^  F.,  the  air 
being  52^  P.  The  water  is  not  strongly  saline,  but  when  concentrated  is  very  alka- 
line and  salt  to  the  taste.  It  contains,  besides  chlorides,  sulphates,  and  carbonates, 
a  considerable  proportion  of  boracic  add,  which  is  made  evident  by  its  power  of 
reddening  paper  coloured  by  turmeric,  after  being  supersaturated  with  hyiboehloric 
add.    .    .    .    The  analysis  of  1,000  parts  of  the  water  gave  as  follows : — 

Chloride  of  sodium .  0*8818 

„        potassium       •        •       •        .       .        .  0*0067 

Sulphate  of  soda       . 0*0215 

Can>onate  and  borate  of  da 0*2801 

„       of  lime 0*0620 

„  magnesia 0*0257 

Silica 0*0245 

Alumina  •       •       •       • a  trace 

0-7528 

*  The  amount  of  boradc  add  estimated  was  found  to  be  equal  to  0*0279.' 

The  following  is  the  mode  of  purifjrlDg  borax.  The  crude  OTstals  are  to  be  broken 
into  small  lumps,  and  spread  upon  a  filter  lined  with  a  lead  grating,  under  which  a 
piece  of  doth  is  spread  upon  a  wooden  frame.  The  lumps  are  piled  up  to  the  height 
of  12  inches,  and  washed  with  small  quantities  of  caustic  soda-lye  of  5^  B.  (specific 
gravity  1*08^8)  until  the  liquor  comes  off  nearly  colourless ;  they  are  then  drained,  and 
put  into  a  large  co^>er  of  bdling  water,  in  such  quantities  that  the  resulting  solu- 
tion stands  at  20^  JB.  (spedfic  gravity  1*160).  Carbonate  of  soda  equivalent  to  12 
per  cent,  of  the  borax  must  now  be  added ;  the  mixed  solution  is  allowed  to  settle, 
and  the  dear  liquid  is  syphoned  off  into  crystallising  vessels.  Whenever  the  mother- 
waten  get  foul,  th^  must  be  evaporated  to  dryness  in  cast-iron  pots,  and  roasted,  to 
bum  away  the  visdd  colouring  matter. 

The  foUowingprooess  for  refining  the  native  Indian  borax,  or  tincal,  has  been  pub- 
lished by  MM.  Kobiquet  and  Marchand : — 

It  is  put  into  large  tube,  covered  with  water  for  8  or  4  inches  above  its  suiface,  and 
stirred  through  it  several  times  during  six  houn.  For  400  lbs.  of  the  tincal  there 
must  now  be  added  1  lb.  of  quicklime  difibsed  through  two  quarts  of  water.  Next 
day  the  whole  is  thrown  upon  a  neve,  to  drain  off  the  water  with  the  impurities,  con- 
sisting, in  some  measure,  <^  the  &tty  matter  combined  with  the  lime,  as  an  insoluble 
soap.  The  borax,  so  &r  purified,  is  to  be  dissolved  in  2^  times  its  wei^t  of  boiling 
water,  and  8  lbs.  of  muriate  of  lime  ara  to  be  added  for  Uie  above  quantity  of  borax. 
The  liquor  is  now  filtered,  evaporated  to  the  dennty  of  18^  or  20^  B.  (1*14  to  1*16 
spedfic  gravity),  and  set  to  crystallise  in  vessels  shaped  like  inverted  pyramids,  and 
bned  with  lead.  At  the  end.of  a  few  days,  the  crystallisation  being  completed,  the 
mother-waten  ara  drawn  o£^  the  crystals  are  detached  and  dried.  The  loss  ot  weight 
in  this  q[>eration  is  about  20  per  cent 

Borax  is  sometimes  adulterated  with  alum  and  common  salt :  the  former  addition 
may  be  readily  detected  by  a  few  drops  of  water  of  ammonia^  which  will  throw  down 
its  alumina;  and  thelatter  by  nitrate  of  silver,  which  wiU  give  with  it  a  predpitate 
insoluble  in  nitric  add. 

The  native  borado  add  obtained  from  the  lakes  of  Tuscany,  being  manufiMtnred  in 
France  into  borax,  has  greatly  lowered  the  price  of  this  artide  of  commerce.  When 
MM.  Pmnand  Cartierfirst  began  the  business,  they  sold  the  crystals  at  the  same  price 
as  the  Pntch,  vis.,  7  francs  the  kilogramme  (2}  lbs.  avoird.);  but,  in  a  few  years* 
they  could  onlyobtain  2  francs  and  60  centimes,  in  consequence  of  the  market  getting 
overstodLed.  The  mode  of  making  borax  from  the  add  is  as  follows : — The  lake  water 
is  evaporated  in  graduation  houses,  and  then  concentrated  in  boilen  till  it  crystaUises. 
In  that  state  it  is  carried  to  Marseilles.  About  1,100  lbs,  of  water  are  made  to  boil 
in  a  copper,  and  1,820  lbs.  of  cmtallised  carbonate  of  soda  are  dissolved  in  it  by 
successive  additions  of  about  40  lbs.  The  solution  being  maintained  at  nearly  the 
boiling  point,  1,100  lbs.  of  the  crystallised  boradc  add  of  Tuscany  are  introduced,  in 
successive  portions.  At  each  addition  of  about  22  lbs.  a  livdy  eflbrvesoence  ensues, 
on  which  account  the  copper  should  be  of  much  greater  capsdiy  than  is  suffident  to 
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contain  the  liquors.  When  the  whole  acid  has  been  added,  the  fire  muBt  he  damped 
by  being  covered  up  with  moist  ashes,  and  the  copper  must  be  covered  with  a  tight 
lid  and  blankets,  to  preserve  the  temperature  uniform.  The  whole  is  left  in  this  state 
during  80  hours ;  the  clear  liquor  is  then  drawn  off  into  shallow  crystallising  vessels 
of  lead,  in  which  it  should  stand  no  higher  than  10  or  12  inches,  to  favour  its  rapid 
cooling.  At  the  end  of  three  days  in  winter,  and  four  in  summer,  the  crystallisation 
is  usually  finished*  The  mother-water  is  drawn  ofl^  and  employed,  instead  of  simple 
water,  for  the  purpose  of  dissolving  £resh  crystals  of  soda.  The  crystals  are  carefmly 
detached  with  chisels,  re-dissolved  in  boiling  water,  adding  for  each  220  lbs.  of  borax, 
22  lbs.  of  carbonate  of  soda.  This  solution  marks  20^  B.  (specific  gravity  1*160); 
and,  at  least,  one  ton  of  borax  should  be  dissolved  at  once,  in  order  to  obtain  crystals 
of  a  marketable  size.  Whenever  this  solution  has  become  boiling  hot,  it  must  be  run 
off  into  large  crystallising  lead  chests  of  the  form  of  inverted  truncated  pyramids, 
furnished  with  lids,  inclosed  in  wooden  fimmes,  and  surrounded  with  mats  to  confine 
the  heat.  For  a  continuous  business  there  should  be  at  least  18  vessels  of  this  kind, 
as  the  solution  takes  a  long  time  to  complete  its  cxystallisation,  by  cooling  to  30^  C* 
(86^  F.)  The  borax  ciystels  are  taken  out  with  chisels,  after  the  liquor  has  been 
drawn  off  and  the  whole  has  become  cold. 

One  hundred  parts  of  the  purest  acid,  usually  extracted  from  the  lakes  of  Tuscany, 
contain  only  50  parts  of  the  real  boiacic  acid,  and  yield  no  more,  at  the  utmost,  than 
140  or  150  of  good  borax. 

A  considerable  saving  of  expense  in  manufacturing  borax,  and  a  more  ready  appli- 
cation of  the  borax  to  use,  has  been  proposed  by  Saulter,  as  follows : — ^Take  about  38 
parts  of  pure  crystallised  boracic  acid,  pounded  and  sifted ;  mix  them  w^  with  45 
parts  of  crystals  of  carbonate  of  soda,  in  powder ;  expose  the  mixture  upon  wooden 
shelves  to  heat  in  a  stove-room ;  and  rake  it  up  fi^m  time  to  time.  The  boracic  acid 
and  the  alkali  thus  get  combined,  while  the  carbonic  acid  and  water  are  expelled ;  and 
a  perfect  dty  borax  is  obtained. 

Borax  is  an  acid  borate  or  biborate  of  soda,  usually  crystallised  in  oblique  prisms, 
with  10  atoms  of  water.  Under  certain  conditions  it  may  also  be  obtained  in  octa* 
hedra,  containing  only  half  this  proportion  of  water;  and  by  application  of  heat  Uie 
whole  of  the  water  may  be  expelled  with  intumescence.  The  composition  of  Uiese 
three  forms  of  the  salt  may  be  thus  exhibited : — 

PrUmaiie  Borax  (NaO,  2B0»,  lOHO). 

2  atoms  of  boracic  acid 

1      „          soda .        .        .        ,        •        . 
10      „  water 


100-0 


Octahedral  Borax  (^aO,2BO'y6KO). 

2  atoms  of  boracic  acid 70  or  47*^ 

1  „         soda  •        .        ^  .        .        .    31  „   21*2 
6     „         water         •        •        •        •        .        •    45  „  30'9 

146      1000 

Anhydrous  Borax  (NaO,  2B0*). 

2  atoms  of  boracic  add       .        .        •        . .      «    70  or  69*4 
1      „  soda 31  „   30*6 

101      100-0 

Borax  has  a  sweetish,  somewhat  lixivial  taste,  and  afiects  vegetable  colours  like  an 
alkali ;  it  is  soluble  in  12  parts  of  cold,  and  in  2  parts  of  boiling  water.  It  effloresces 
and  becomes  opaque  in  a  dry  atmosphere ;  it  appears  luminous,  by  friction,  in  the 
dark.  It  melts  at  a  heat  a  little  above  that  of  boiling  water,  and  gives  out  its  water 
of  aystallisation,  after  which  it  forms  a  spongy  mass,  called  calcined  borax,  l^e 
octahedral  borax,  which  is  prepared  by  crystallisation,  in  a  solution  of  1*255  specific 
gravity,  kept  up  at  145*^  F.,  is  not  efflorescent.  When  borax  is  ignited,  it  fuses  into 
a  glassy-looking  substance. 

Dry  borax  acts  on  the  metallic  oxides,  at  a  high  temperature,  in  a  very  remarkable 
manner,  melting  and  vitrifying  them  into  very  beautiful  coloured  glasses.  ,0n  this 
account  it  is  a  most  useful  re-agent  for  the  blowpipe.  Oxide  of  chrome  tinges  it  of  an 
emerald  green ;  oxide  of  cobalt,  an  intense  blue ;  oxide  of  copper,  a  pale  green  i  oxide 
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of  tin,  opal;  oxido  of  iron,  bottle  green  and  yellow;  oxide  of  inanganese,  Tiolet; 
oxide  of  nickel,  pale  emerald  green.  The  white  oxides  impart  nb  colour  to  it  by 
themielves.  In  the  f^on  of  metalu,  borax  protects  their  surface  from  oxidisement, 
and  even  dissolves  away  any  oxides  formed  upon  them ;  by  which  twofold  agency  it 
becomes  an  excellent  flux,  invaluable  to  the  goldsmith  in  soldering  the  precious 
motols,  and  to  the  brazier  in  soldering  copper  and  iron. 

Borax  absorbs  muriatic  and  sulphurous  acid  gases,  but  no  others,  whereby  it  be- 
comog,  in  this  respect,  a  useful  means  of  analysis. 

The  strength  or  purity  of  borax  may  be  tested  by  the  quantity  of  sulphuric  acid 
requisite  to  ncutraliso  a  given  weight  of  it,  as  indicated  by  tincture  of  litmus. 

When  mixed  with  shellac  in  the  proportion  of  one  part  to  five,  borax  renders  that 
resinous  body  soluble  in  water,  and  forms  with  it  a  species  of  varnish. 

The  applications  of  borax  in  the  manufacture  of  enamels,  glazes,  and  of  glass,  will 
be  noticed  in  the  articles  devoted  to  the  consideration  of  those  special  industries. 

BOBIMCI*  Whether  for  the  purpose  of  searching  for  coal  or  other  mineraU,  or 
for  obtaining  water  for  the  supply  of  towns  or  for  land  irrigation,  the  import- 
ance of  boring  as  &  branch  of  mining  science  is  so  important  as  to  command  careful 
consideration  in  a  work  of  this  description. 

Under  the  head  of  Artbsun  Wxlls,  the  various  nhysieal  conditions  under  which 
water  may  bo  obtained  by  means  of  boreholes,  have  been  described.  It  is  now  pro- 
posed to  give  an  account  of  the  different  modes  of  prosecuting  boreholes,  and  to  i«fer 
to  the  purposes,  other  than  the  finding  of  water,  for  which  Uie  science  of  boring  is 
resorteato. 

It  may  be  stated  aetierally,  that  beyond  the  question  of  water  supply,  the  boring  of 
holes  is  chiefly  earned  out  with  the  object  of  ^ving  the  existence,  or  otherwise,  of 
rocks  or  minerals  of  more  or  less  value.  Whilst  in  putting  down  hdes  for  the  discovery 
of  w^ter,  a  simple  hole,  in  a  firm  and  durable  ooncution,  is  all  that  is  required,  in  the 
proving  of  minerals  it  is  very  important  that  the  result  of  the  borings  should  indicate 
very  aoonrately  the  character  and  section  of  the  strata  passed  through.  The  extent 
to  which  this  end  has  been  accomplished  will  be  hereafter  referred  to. 

Boring  for  water  appears  to  have  been  in  use  from  the  earliest  periods,  in  Egypt 
and  in  Aboa.  In  many  of  the  desert  tracts  there  are  remains  of  borings,  which  served, 
evidenUy  at  one  period,  to  supi>ly  the  wants  of  extensive  populations  which  once  in: 
habited  those  now  deserted  regions.  In  the  '  Ghiide  du  Sohdeur,'  by  M.  J.  B^uss^e, 
we  find  it  stated,  with  reference  to  China :  *  There  exists  in  the  canton  of  Ou-Tong- 
Kiao  many  thousand  wells  in  a  space  of  ten  leagues  long  bv  five  broad.  Iliese 
wells  cost  a  thousand  and  some  hundred  taels  (the  tael  being  or  the  value  of  6«.  6d.), 
and  are,  from  1,500  to  1,800  feet  deep,  and  about  6  inches  in  diameter.  To  bore 
these  wells,  the  Chinese  commence  l)y  placing  in  the  earth  a  wooden  tube  of  8  or 
4  inches  diameter,  surmounted  by  a  stone  ed^,  pierced  by  an  orifice  of  5  or  6  inches ; 
in  the  tube  a  trepan  is  allowed  to  play,  wei^ng  300  or  400  lbs.  A  man  mounted 
on  a  seaffbld,  swings  a  block,  which  raises  the  trepan  2  feet  high,  and  lets  it  fall 
by  its  own  weight  The  trepan  is  secured  to  the  swing-lever  by  a  cco^d  made  of  reeds, 
to  which  is  attached  a  triangle  of  wood ;  a  man  sits  close  to  the  cord,  and  at  mch 
rise  of  the  swing  seizes  the  triangle  and  gives  it  a  half  turn,  so  that  the  trepan  may 
take  in  falling  another  direction.  A  chan^  of  workmen  goes  on  day  and  night,  and 
with  this  continuous  labour  they  are  sometimes  three  years  in  boring  wells  to  the  re- 
quisite depth.' 

Hattd  boring, — The  sur&ce  arrangements  usually  required  for  boring  by  hand,  are 
shown  hjfy.  175.  In  ordinary  practice,  a  well  is  first  sunk  of  such  a  depth  that  the 
boring  apparatus  can  be  fixed  in  it ;  and  thus  a  stage,  raised  from  the  surface  of  the 
ground,  is  dispensed  with.  A  stout  plank  floor,  well  braced  together  by  planks  nailed 
transversely,  and  resting  on  putlocks,  forms  the  stage.  In  the  centre  of  the  floor  is 
a  square  hole,  through  which  the  boring  rods  pass.  The  plant  required  consists  of  a 
spring  pole  a,  to  assist  in  giving  the  necessary  motion  to  the  rods  when  at  work,  the 
three  legs  with  pulley  blo^,  <£ain,  and  roller,  or  windlass  for  drawing  and  lowering 
the  rods,  and  the  several  lengths  of  rods  required,  with  the  various  (misels,  pumps, 
&c 

The  borehole  is  usually  commenced  by  digging  a  small  pit  about  6  feet  deep,  and 
over  Uiis  is  set  up  the  three  legs,  with  pulley,  &c  A  few  feet  of  iron  tubing  are  also 
sometimes  inserted  at  the  commencement,  to  protect  the  sides  of  the  borehole. 

The  boring  rods  are  usually  from  10  to  20  feet  long.  The  chisel  is  flrst  inserted, 
then  rods  added  as  the  work  progresses.  At  the  top  of  the  rods  are  attached  two 
handles  about  4'  0"  long,  placed  at  right  angles  to  etich  other.  By  means  of  these 
the  borers  work  the  rods  up  and  down,  at  the  same  time  giving  them  a  circular  motion 
Sn  order  to  alter  the  position  of  the  chisel  at  each  stroke. 

Am  the  depth  increases,  the  men  at  the  handles  or  cross-bar  are  assisted  by  means 
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of  a  pole  or  leyer  At  the  surface ;  one  end  being  firmly  fixed  in  the  ground  between  two 
posts,  the  other  being  allowed  to  pass  over  the  hole.  From  the  end  of  this  pole  the 
bore-rods  are  attached  by  means  of  a  chain ;  thus  every  time  the  borers  strike  the 
chisel,  the  lever  enables  them  to  lift  the  rods  high  enough  to  give  the  necessary  impetus 
to  the  rods  for  the  next  blow.  The  chisel  is  occasionally  withdrawn,  and  a  long 
bucket  with  a  hinged  valve  at  the  bottom  opening  upwards,  is  attached  to  the  rods, 
and  lowered  into  the  hole.  The  borers  press  this  down  upon  the  material  broken  up 
by  the  chisel,  so  that  a  quantity  of  debris  becomes  enclosed  in  the  bucket,  and  is 
drawn  up  to  the  surfiEice.  This  process  is  repeated  until  the  hole  is  made  dear,  and 
ready  again  for  the  chisel. 

The  rods  are  drawn  by  means  of  a  windlass  attached  to  the  three  legs,  and  are  un- 
screwed at  every  second  joint,  until  the  whole  of  them  are  drawn  out.  They  have 
to  be  again  screwed  together  when  they  have  to  be  lowered. 

176 


This  etyle  of  boring  is  limited  to  a  small  depth ;  the  weight  of  boring  rods  becomes 
so  great  with  an  increasing  depth,  that  the  borers,  even  when  assisted  by  a  lever,  are 
viable  to  lift  them.    A  depth  of  about  300  feet  may  be  safely  bored  in  this  way. 

The  nature  of  strata  bored  through  is  ascertained  from  the  material  brought  up  by 
the  bucket ;  and  the  borers  having  constantly  hold  of  the  cross-bar,  any  change  of 
strata  is  at  once  indicated  bv  the  stroke  of  itie  chisel  against  the  various  beds  met 
with,  being  imparted  to  the  nands  of  the  men,  who  acquire  by  experience  great  deli- 
cacy of  touch.  A  new  description  of  spring  has  lately  been  used  with  the  hand- 
boring  machine.  This  consists  of  several  layers  of  india-rubber,  about  1  inch  square, 
and  2  feet  6  inches  long,  increasing  the  number  of  layers  as  the  weight  of  rooji  be- 
como9  greater.    £aoh  end  of  the  india-rubber  is  fixed  in  strong  iron  damps,  one 
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attached  by  n  chain  to  the  three  legs,  and  the  other  coupled  to  the  top  of  the  rods; 
the  elasticitj  of  the  india-rubber  is  thus  brought  to  play  upon  the  motion  of  the  rods. 
Horizontal  Boring  by  Hand. — ^For  boring  in  the  sides  of  mountains,  quarries,  or 
other  places  where  long  horizontal  holes  are  required,  the  machine  illustrated  by 
fig,  176,  is  sometimes  used.  The  rods,  chisels,  pumps,  &c.,  are  all  of  the  same  de- 
scription as  those  used  for  vertical  boring,  except  that  they  are  of  somewhat  lighter 


make.  The  rods  are  drawn  out  of  the  hole  by  means  of  the  rope  A,  the  weight  c, 
which  hangs  in  a  small  pit  suspended  by  the  rope  b,  being  raised  at  the  same  time. 
The  rope  A  is  then  slipped,  and  the  falling  weight  c  drives  the  rods  into  the  hole  again. 
The  rods  are  kept  steady  and  horizontal  by  being  caused  to  run  over  a  small  roller 
fixed  on  the  frame,  and  also  by  moving  in  a  slide  block,  adjusted  by  a  screw  and  nut. 

After  using  the  chisel  for  a  short  time,  the  rods  are  withdrawn,  and  the  pump  or 
sodhrer  introduced  to  clear  away  the  debris,  the  other  work  being  carried  on  as  with 
ordinary  vertical  hand-boring. 

Boring  by  Steam  Fofoer, — ^Where  boreholes  are  required  of  any  considerable  depth, 
and  where  speed  is  of  importance,  hand-labour  has  been  superseded  in  recent  years 
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lifted  up,  it  rises  until  it  catches  the  part  to  which  the  chisel  is  connected.    This 
appaiatus  prevents  the  rope  from  becoming  slack  in  the  hole  when  the  4ool  falls. 
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The  chiselfl  employed  are  of  the  ordinary  description :  vrMlai  hj  hand  boring,  holes 
of  not  more  than  a  few  inches  diameter  can  be  put  down,  with  this  apparatus  holes  of 
any  diameter  to  18  inches  can  be  bored  -without  any  difficulty. 

The  rope  is  attached  to  the  connecting  piece  by  the  clips,  and  is  passed  at  the  top 
of  the  hole  through  strong  iron  clamps,  ▲,  oyer  which  it  hangs  loosely  to  allow  for 
the  upward  and  downward  motion  of  the  boring-tools.  The  iron  clamps  are  also 
connected  to  a  screw  and  slide,  a,  fy,  177,  hanging  from  the  end  of  the  wood  leyer  or 
beam,  this  screw  being  used  to  adjust  the  length  of  the  rope  after  it  has  been  attached 
securely  into  the  iron  clamp. 

The  rope  is  drawn  up  by  a  small  drum,  d,  driyen  from  the  same  shaft  as  the 
crank  used  for  working  the  beam ;  a  brake  being  attached  to  the  drum  for  the  purpose 
of  lowering  the  chisel  and  connections  into  the  bottom  of  the  hole.  This  brake  con- 
sists of  two  pieces  of  timber,  b  b,  which  are  drawn  together  by  meana  of  a  rod  and 
screw. 

After  the  chisel  has  been  at  work  for  a  short  time,  it  is  drawn  up  by  means  of  the 
drum  D,  and  the  pump  f  is  then  introduced,  being  lowered  by  the  small  drum  o,  which 
has  also  a  brake  attached.  This  ptunp  is  worked  up  and  down  a  few  times,  then 
drawn  up  by  the  wire  rope  H,  driyen  by  the  wheel  on  the  main  driving  shaft. 

The  engine  used  is  an  ordinary  portable  engine,  with  a  cylinder  9  indies  in  dia- 
meter. 

The  boring  rope  is  usually  }  inch  in  diameter,  and  is  coyered  with  tarred  hemp  rope 
forprotection. 

The  depth  from  the  surface,  and  thickness  of  the  various  strata  passed  through  is 
ascertained  by  observing  the  wire  rope,  and  by  carefully  noting  tne  nature  of  the 
samples  drawn  up  hj  the  steel  pump. 

In  boring  with  this  machine,  a  small  hole  is  sometimes  kept  in  advance  a  distance 
of  about  4  feet,  the  sides  of  the  hole  being  removed  bv  the  larger  chisel,  and  the 
pieces  thus  broken  off  are  brought  up  by  the  pump,  and  kept  in  sample  boxes.. 

The  average  rate  of  boring  varies  frtmi  10  to  20  feet  per  day  of  twenty-four  hours. 
It  is  usual,  whether  in  boring  by  hand  or  steam  power,  to  line  the  hole  from  the  sur- 
face down  to  the  solid  strata  with  tubes  ;  and  should  any  loose  strata,  as  sand,  be 
afterwards  met  with,  tubes  of  smaller  diameter  than  those  first  introduced  are  put 
down,  this  necessarily  causing  a  contraction  of  the  hole,  and  also  of  the  tools. 
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A  description  may  now  be  given  of  the  Tarioas  tooU  nsed  in  the  two  sjstoms  of 
boring  referred  to : — 
Fig,  X  is  the  joint  used  for  attaching  the  boring  rods  together. 
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Fig.  2  is  the  biaoe-liead,  or  cross-head,  with  the  four  handles  held  by  the  borers. 

Fig,  3  is  a  catch  for  raising  the  rods  from  the  borehole. 

Figs,  4,  5,  6,  and  7,  are  spanners,  nsed  for  screwing  the  rods  together,  and  holding 
them  steady  at  the  top  of  the  borehole.  The  shoulders  of  the  rods  rest  between  the 
daws. 

Fig,  8  is  the  ordinary  chisel  used  for  boring. 

Figs,  9,  10,  II,  and  12,  are  Tarious  forms  of  chisels  used  for  making  the  hole 
cylindrical,  and  for  breaking  up  hard  fragments  of  rock  at  the  bottom  of  the  hole. 

Figs,  13  and  14  are  also  tools  used  for  the  latter  purpose. 

Figs,  15,  16,  and  17,  are  chisels  used  for  breaking  off  projections  from  the  sides  of 
the  bole :  Jigs.  16  and  17  showing  two  views  of  the  same  tooL 


The  implements  used  in  extracting  dibris  from  boreholes  are  as  follow:-^  ^ 

Figs,  18,  19,  20,  and  21,  arc  augers  or  wimbles,  used  for  bringing  up  argillaceous 
strata. 

Fig,  22  is  an  auger  for  boring  through  clay,  generally  used  in  commencing  the 
borehole. 

Fiqs,  23  and  24  are  pumps  or  scourers,  for  bringing  up  the  debris  broken  up  by  the 
chisels. 

Fig,  25  is  a  scourer  with  valves,  which  are  closed  by  turning  the  rods  round,  the 
action  of  the  screw  b  causing  the  part  d  to  descend. 

Fig.  26  is  an  arrangement  of  pincers  for  extracting  pieces  of  rock  which  are  too 
large  to  enter  the  pump. 

The  instruments  employed  for  rectifying  accidents  are  as  follow : — 
Fig.  27  is  a  special  screw  for  drawing  out  broken  rods  or  tools. 
Fig,  28  is  a  spring  catch  for  extracting  broken  rods. 

Ivgs,  29  and  30  are  catches  used  for  extracting  broken  lining  tubes.    One  of  the 
b(ranches  of  the  appliance  shown  hjfig,  30  is  fixed,  and  the  other  moveable. 
F^,  31  is  a  screw  tap,  alsotised  for  extracting  tubes. 


Digitized  by  VjOOQIC 


M> 


BORING 


35 


36 


Fig,  32  18  a  tool  uaed  for  cutting  lining  tubes  when  it  is  found  that  they  cannot  bo 
diawn  out  all  at  once,    c  exhibits  a  plan  of  the  cutter. 
Fig,  33  is  a  plug  used  for  driving  down  lining  tubes. 

In  some  cases  it  is  required  after  the  tubes  have  been  inserted,  to  recommence 
boring  the  hole,  and  make  it  of  the  same  size  as  the  outside  diameter  of  the  tubes. 
To  accomplish  this  object  several  ingenious  devices  have  been  designed. 

In.  most  of  these  Uie  chisel  intended  to  form  the  large  diameter  of  the  hole  is  passed 
down  through  the  tube  flush  with  the  sides  of  the  tool,  and  when  reaching  the 
bottom  of  the  tube  it  is  brought  into  position  in  several  di^erent  "ifays.  In  one 
case,  a  screw  when  tumedi  forces  out  the  cutters.  In  another,  the  chisels  are  pushed 
out  by  springs. 

Another  mode  is  to  attach  to  the  moveable  chisels  a  dry  hemp  cord,  the  contraction 
of  which  when  soaked  in  water  draws  up  the  chisels. 

In  boreholes  of  a  considerable  diameter,  a  *  free  falling '  arrangement,  as  shown  by 
figs,  35  and  36,  is  sometimes  adopted.    ▲  A  are  pins,  holding  in  a  fixed  position  two 

long  clutches,  which  hold  the  end  of  the  boring 
rods  at  e.  The  disc  d  is  of  the  same  diameter  as  the 
hole  being  put  down.  When  the  sliding  arms  reach 
the  bottom  of  the  stroke,  the  arrow-head  b  is  caught, 
and  is  drawn  up  to  the  top  of  the  hole,  as  shown 
hjfig,  35.  Immediately  the  down  stroke  commences, 
the  resistance  against  the  disc,  caused  by  the  water 
standing  in  the  borehole,  causes  it  to  open  the 
clutches  and  disengage  the  tool.  It  will  be  seen  that 
this  apparatus  is  omy  applicable  where  a  cdumn  of 
water  is  present 

Having  now  described  the  tools  used  in  the  ordinaiy 
modes  of  Boring,  attention  may  be  drawn  to  various 
modem  improvements  in  this  science. 

A  method  of  boring  with  hollow  rods,  combined 
with  a  force-pump,  was  introduced  about  the  year 
1846  by  M.  l^auvelle,  in  order  to  obviate  the  neces- 
sity of  using  the  shell,  the  detritus  produced  by  the 
tool  being  removed  continuously  by  a  downward 
current  of  water  forced  bv  the  pump  through  the 
interior  of  the  rod,  and  nsing  in  the  annular  in- 
cluded space  between  the  exterior  of  the  rod  and  the 
lining  tube.  In  spite  of  the  apparent  advantages  of 
this  method,  namely,  the  maintenance  of  a  clear  fi&ce 
of  rock  for  the  cutting  tool  to  work  on,  and  the  saving 
of  time  due  to  the  abolition  of  the  shell,  and  the 
adoption  of  the  method  of  continuous  discharge, 
it  does  not  appear  to  have  come  much  into  use. 
Kecently,  however,  a  modification  in  which  the  dis- 
charge of  the  detrition  is  eflfectod  by  an  upward 
current  of  water  through  the  rod,  has  been  employed 
to  advantage  in  borings  for  petroleum  in  Western 
Canada. 
Fauvelle*s  system  of  boring  is  probably  the  most 
simple  in  existence,  and  has  the  power  of  boring  at  a  quicker  speed  than  other 
unacbines.  A  short  description  of  its  mode  of  working  may  therefore  be  desirable. 
The  machine  is  driven  by  engine-power,  in  the  maimer  shown  in^.  178,  p.  441. 
The  boring  rods  consist  of  ordinary  steam  tubing,  2  inches  diameter,  and  jointed 
together  by  union  boxes.  The  chisels  are  welded  into  short  lengths  of  tubing,  small 
boles  being  left  at  the  bottom  of  the  tube.  Water  is  forced  in  at  the  top  of  the  bore- 
rods  by  means  of  a  small  force-pump,  worked  by  a  crank  on  a  pjinion-wheel,  which  is 
connected  to  a  larger  pinion  on  the  main  shaft  The  water  firom  this  pump  is  first  driven 
into  an  air-chamber,  and  is  taken  thence  by  india-rubber  tubing  to  the  top  of  the  bore^ 
rods,  from  which  it  escapes  at  the  bottom  of  the  rods  a  few  inches  above  the  chisel  point 
It  is  forced  thence  to  the  surface,  carrying  with  it  all  the  dibria  cut  up  by  the  chisel. 

This  d^nis  is  caught  in  pots  or  settling  troughs,  and  from  an  examination  of  these 
the  nature  of  the  strata  passed  through  is  ascertained. 

Independently  of  this  test  however,  the  man  in  charge  of  the  machine  constantly  has 
his  hands  upon  the  rods,  and  in  this  way  can  tell  by  the  character  of  the  stroke  any 
change  of  strata^  which  is  at  once  marked  upon  the  rods. 
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The  boring  rods  aro  allowed  to  have  a  percussive  fall ;  and  are  connected  by  iron 
clamps  to  the  rope,  which  passing  oyer  a  wheel  fixed  in  the  shear  legs,  is  fastened  to 
the  lover  d.  An  np-and-down  motion  is  imparted  to  this  by  the  wheel  s,  which  has 
two  blocks  or  cams  fixed  in  its  periphery. 

The  action  of  these  cams  gives  two  full  strokes  of  the  rods  for  every  revolution  of 
the  wheel  b. 

The  stroke  at  commencing  a  borehole  is  about  1  foot  3  inches,  but  as  the  depth 
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increases,  the  stroke  is  shortened  by  attaching  the  rope  nearer  to  the  centre  of  the 
lever. 

At  a  depth  of  800  feet  this  stroke  would  be  not  more  than  a  few  inches,  the  weight 
of  rods  being  sufficient  to  drive  the  chisel  forward,  with  a  very  short  stroke. 

When  the  rods  have  to  be  drawn  for  changing  the  chisel  they  are  attached  to  the 
hook  F,  and  are  drawn  up  by  means  of  a  small  drum  on  the  main  shaft  to  the  height  of 
the  small  wheel  h  ;  the  first  length  is  then  unscrewed  and  put  on  one  side,  the  hook  f 
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being  again  lowered,  connected  to  the  rods  and  drawn  as  above  until  the  whole  of  the 
rods  are  drawn  out  There  is  a  brake  attached  to  the  drum  on  the  main  shaft,  which 
is  used  for  lowering  the  rods  into  the  hole. 

In  cases  where  the  strata  passed  through  are  of  a  soft  character,  tubes  are 
sometimes  driven  forward  as  the  hole  progresses,  these  at  first  being  about  4^  inches 
diameter  and  faced  with  steel.    They  are  driven  forward  by  a  large  iron  weight, 
and  should  the  first  pipe  meet  with  anything  that  it  cannot  drive  through,  smaller 
sized  tubes  are  introduced. 
The  chisel  used  is  about  i^th  of  an  inch  smaller  than  the  lining  tubes. 
This  machine  has  bored  in  chalk  a  depth  of  76  feet  in  12  hours. 
The  Diamond  Boring  M<Khine, — ^In  all  the  modes  of  boring  described  above,  the 
j^Q  borer  or  drill  acts  by  percussive  impact  against  the  face 

of  the  strata,  producing  a  volume  of  powdered  rock  equal 
to  the  solid  contents  of  the  borehole.  In  the  diamond 
machine,  invented  by  M.  Leschot,  the  cutting  tool  is  of  a 
tubular  form  and  receives  a  imiform  rotating  motion ; 
the  result  being  the  production  of  a  cylindrical  core  from 
the  rock  of  the  same  size  as  the  inner  peripheiy  of  the 
tube,  showing  to  great  depths  the  different  stratification 
through  which  the  boring  tube  passes.  The  general  prin- 
ciples on  which  the  machine  is  constructed  are  as  follow : — 
A  continuously  revolving  and  progressing  boring  head, 
having  projecting  diamond  points,  works  in  combination 
with  a  tubular  boring  bar. 

The  boring  bit  {Jig.  179,  is  a  steel  thimble,  about  4  inches 
in  length,  living  two  rows  of  Brazilian  black  diamonds 
(such  as  are  used  by  lapidaries)  in  their  natural  rough  state 
firmly  imbedded  therein,  the  edges  projecting  slightly  from  the  outer  and  inner  peri- 
pheries respectively.  The  diamonds  in  the  centre  row  cut  the  path  of  the  drill  in 
its  forward  progress,  while  those  upon  the  outer  and  inner  peripheiy  of  the  tool 
enlaige  the  cavity  around  the  same  and  admit  the  free  egress  and  ingress  of  the 
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iratar  as  hereafter  described.  As  the. drill  passes  iDto  the  rock,  cutting  an  annular 
channel,  the  portion  of  stone,  encircled  bj  this  channel  is,  when  of  a  compact  nature, 
undisturbed,  and  the  drill  rod  passing  down  over  it  presenres  it  intact  until  the  solid 
^lindrical  core  thus  formed  is  withdrawn  with  the  rods. 

The  diamonds  are  placed  at  intervals  of  about  |rd  of  an  inch  apart  both  inside  and 
outside  the  tube,  the  projection  beyond  the  surface  of  the  metal  being  not  more  than 
^th  of  an  inch. 

The  diamond  teeth  are  the  only  parts  of  the  tool  which  come  in  contact  with  the 
rock,  and  their  hardness  is  such  that  more  than  2,000  feet  have  been  drilled  by  the 
same  points  with  but  little  appreciable  wear. 

The  drill  rods  are  made  hollow,  in  order  that  a  yolumo  of  water  may  be  conducted 
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to  the  boring  bit,  at  once  moistening  the  rock,  washing  the  cuttings  away,  and 
preventing  the  oyer  heating  of  the  diamonds. 

The  machinery  for  boring  great  depths  is  shown  by  fy.  180,  p.  442,  and  consists  of 
a  ^rtable  engine  haying  two  oscillating  6-inch  cylinders  with  a  6-inch  stroke.  The 
boiler  is  tubular,  8§  feet  x  7  feet,  and  with  flues  3  inches  in  diameter,  the  steam 
capacity  being  about  16  h.  p. 

The  pump  p  and  water  hose  h  are  connected  by  rubber  hose  with  any  convenient 
stream  or  reservoir  of  water,  and  also  with  the  outer  end  of  the  drill  pipe  by  similar 
hose  having  a  swivel  joint.  Through  this  hose  a  stream  of  water  is  forced,  by  M. 
Fauvelle's  system,  into  the  hollow  dnll  rod,  from  which  it  only  escapes  at  the  bottom 
of  the  diamond  pointed  bit. 

.  ^  The  drill  rods  may  be  extended  to  any  desirable  length  by  simply  adding  fresh 
pieces  of  tubing.  The  successive  lengths  are  quickly  coupled  together  by  an  inside 
coupling  4  inches  long,  the  drill  being  held  firmly  in  its  place  by  the  chuck  o  at  the 
bottom  of  the  screw  shaft. 

The  speed  of  drilling  depends  chiefly  of  course  upon  the  character  of  rock  met  with : 
in  GrdLnaiy  r<Jck  the  drill  being  fed  at  the  rate  of  800  revolutions  to  the  inch— 
the  diamonds  cutting  the  one  three-hundredth  part  of  an  inch  at  each  revolution,  and 
in  marble,  hard  sandstone,  &c.,  at  the  rate  of  an  inch  for  every  200  revolutions. 

The  progress  of  the  diamond  bit  or  crown^oes  not  depend  upon  the  pressure  of  the 
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rods,  which  is  arranged  tx>  be  always  the  same.  The  diamonds  work  their  way  hy 
steady  and  gentle  attrition. 

Those  mfl^ines  will  bore  holes  &om  one  to  three  inches  in  diameter. 

The  adyance  per  minute  in  pure  Mount  Cenis  quartz  equalled  2|  inches,  in 
granite  about  2  inches,  and  in  very  hard  calcareous  dolomite  3  inches. 

The  diamond  machine  shown  by  fys,  181  and  182  has  lately  been  perfected  by 
Messrs.  Appleby  and  Beaumont. 

The  boring  bit  with  diamonds  set  therein  is  exactly  similar  to  that  used  in  the 
machine  described,  but  the  boring  machinery  is  of  a  different  description.  This 
machine  is  worked  by  nn  independent  engine,  and  driven  by  leather  or  other  belts,, 
the  circular  motion  giren  to  the  boring  ro&  being  conveyed  by  bevel  gear*  To  this 
machine  appliances  are  attached  for  the  driving  forward  of  the  lining  tubes.  This  is 
done  by  means  of  a  series  of  weights  n  attached  to  a  chain  passing  round  the  wheel  x, 
and  connected  to  the  sliding  clutch  g ;  this  is  made  to  press  upon  the  tubes.  At  the 
same  time  an  ordinary  chisel  is  attached  to  the  boring  zods  and  worked  from  the  table 
A  A,  the  rods  passing  down  the  centre  of  the  tubes. 
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The  dihris  is  washed  out  at  times  by  means  of  the  pump  fixed  upon  the  machine. 

After  the  lining  tubes  are  made  secure  and  water  tight  (it  being  an  essential  point 
that  all  water  forced  down  the  boring  rods  should  come  up  on  the  inside  of  the  hning 
tubes,  so  that  all  washings  or  indications  of  change  of  strata  may  be  at  once  noticed), 
the  diamond  drill  is  introduced  and  boring  proceeded  with  in  the  usual  manner. 

The  rods  are  drawn  by  means  of  a  chain  passing  over  shear  legs  about  45  feet  high 
and  wound  upon  a  drum  fixed  on  the  machine.  The  rods  are  unscrewed  in  lengths, 
and  placed  on  oze  side  of  the  machine. 

The  rods,  by  this  system,  are  seldom  drawn,  except  for  the  purpose  of  extracting  tjie 
core  made ;  the  core  tube  being  usually  about  14'  0"  long,  with  a  small  spring  at  the 
bottom  for  the  purpose  of  retaining  the  core  while  drawing  the  rods.  The  cores  made 
in  these  machines  are  usually  from  1  inch  to  1}  inch  in  dmmeter. 
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The  boring  rods  are  of  the  best  steel,  and  jointed  together  by  unions  or  coupling 
boxes. 

In  soft  strata  it  is  somewhat  difficult  to  obtain  a  core  b^  the  diamond  borer,  but  in 
boring  through  hard  rocks  for  which  this  machine  is  specially  suitable  a  very  perfect 
core  is  produced.  The  best  average  speed  accomplished  by  this  machine  in  hoxd  rock 
equals  about  60  feet  per  day  of  12  hours, 

Mather  and  Fiatfs  System  of  Boring. — The  Chinese  method  of  boring  with  ropes, 
instead  of  rigid  rods,  has  been  tried  at  different  times  in  Europe,  but  without  any 
great  amount  of  success ;  the  system  of  rigid  suspension  being  preferred  for  working, 
not  only  the  cutting  tool,  but  also  the  shell.  A  very  important  modification  of  this 
principle  has,  however  been  introduced  by  Messrs.  Mather  and  Piatt  of  Salford,  who 
have  succeeded  in  carrying  bores  of  considerable  size  (8  or  10  inches  in  diameter)  to 
depths  of  1,200  feet  and  upwards. 

In  this  system,  instead  of  the  implements  being  attached  to  rods,  as  in  the  previous 
systems,  they  are  suspended  by  a  flat  hemp  rope  about  \  inch  thick  and  4^  inches 
broad,  such  as  is  commonly  used  at  collieries,  and  the  boring  tool  and  shell  pump  are 
raised  and  lowered  as  quickly  in  the  borehole  as  the  cages  in  a  colliery  shaft. 

The  flat  rope  a  L^fig,  183,  from  which  theboringheaaBis  suspended,  is  wound  upon 
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a  large  drum  c,  driven  by  a  steam-engine  d  with  a  reversing  motion,  so  that  one  man 
can  regulate  the  operation  with  the  greatest  ease.  All  the  working  parts  are  fltted 
into  a  wood  or  iron  framing  b,  rendering  the  whole  a  compact  and  complete  machine. 
On  leaving  the  drum  c,  the  rope  passes  under  a  guide  pulley  f,  and  then  over  a  large 
pulley  o,  carried  in  a  fork  at  the  top  of  the  piston-rod  of  a  vertical  single-acting 
steam-cylinder  h. 

This  cylinder,  by  which  the  percussive  action  of  the  boring  head  is  produced,  is 
fitted  with  a  piston  of  15  inches  diameter,  having  a  heavy  cast  iron  rod  7  inches 
square,  which  is  made  with  a  fork  at  the  top  carrying  a  flanged  pulley. 

The  boring  head  having  been  lowered  by  the  winding  drum  to  the  bottom  of  the 
borehole,  the  rope  is  fixed  securely  at  that  length  by  the  clamp  j ;  steam  is  then  ad- 
mitted underneath  the  piston  in  the  cylinder  h  by  the  steam-valve,  and  the  boring 
tool  is  lifted  by  the  ascent  of  the  piston-rod  and  pulley  o ;  and  on  arrinng  at  the  top 
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of  the  stroke,  the  exhaust  Yalve  is  opened  for  the  steam  to  es^pe,  aUowing  the 

piston-rod  and  carrying  pulley  to  fall  freely  "with  the  boring  tool,  which  falls  with  it« 

full  weight  to  the  bottom  of  the  borehole.    The  exhaust  port  is  6  inches  above  the 

bottom  of  the  cylinder,  while  the  steam  port  is  situated  at  the  bottom ;  and  there  is 

thus  always  an  elastic  cushion  of  steam  retained  in  the  cylinder  of  that  thickness 

for  the  piston  to  fall  upon,  preventing  the  piston  from  striking  the  bottom  of  the 

cylinder.    The  steam  and  exhaust  valves  are  worked  with  a  self-acting  motion  by 

.tappets,  which  are  actuated   by  the   movement  of  the  piston-rod;   and   a  rapid 

succession  of  blows  is  thus  given  by  the  boring  tool  on  the  bottom  of  the  borehole. 

As  it  is  necessary  that  motion  should  be  given  to  the  piston  before  the  valves  can 

be  acted  upon,  a  small  jet  of  steam  is  allowed  to  be  constantly  blowing  into  the 

bottom  of  the  cylinder ;  this  causes  the  piston  to  move  slowly  at  ftret,  so  as  to  take  up 

the  slack  of  the  rope  and  allow  it  to  receive  the  weight  of  the 

1Q4  boring  head  gradu^y  and  without  a  jerk.  An  arm  attadied  to  the 

piston-rod  then  comes  in  contact  with  a  tappet  which  opens  the 

steam- valve,  and  the  piston  rises  quickly  to  the  top  of  the  stroke ; 

another  tappet  worked  by  the  same  arm  then  shuts  off  the  steam, 

and  the  exhaust  valve  is  opened  by  a  corresponding  arrangement 

1  on  the  opposite  side  of  the  piston-rod.    By  shifting  these  tappets 

the  length  of  stroke  of  the  piston  can  be  varied  from  1  to  8  feet 

in  the  large  machine,  according  to  the  material  to  be  bored  through ; 

and  the  height  of  fall  of  the  boring  head  at  the  bottom  of  the 

borehole  is  double  the  length  of  stroke  of  the  piston.    The  fall  of 

the  boring  head  and  piston  can  also  be  regulated  by  a  weighted 

valve  on  the  exhaust  pipe,  checking  the  escape  of  the  steam,  so  as 

to  cause  the  descent  to  take  place  slowly  or  quickly  as  may  be 

desired. 

The  boring  head  'a  fig,  184  consists  of  a  wrought-iron  bar  about 
4  inches  diameter  and  8  feet  long,  to  the  bottom  of  which  a  cast- 
iron  cylindrical  block  c  is  secured.  This  block  has  numerous 
square  holes  through  it,  into  which  the  chisels  or  cutters  are 
inserted  with  taper  shanks  so  as  to  be  veiv  firm  when  working, 
but  to  be  readily  taken  out  foi^  repairing  and  sharpening.  A  little 
above  the  block  c  another  cylindrical  casting  e  is  fixed  upon  the 
bar  B,  which  acts  simply  as  a  guide  to  keep  the  bar  perpendicular. 
Higher  still  is  fixed  a  second  guide  f.  To  effect  the  rotation  of 
the  boring  tool,  two  cast-iron  collars  o  and  h  are  cottered  fast  to 
the  top  of  the  bar  b,  and  placed  about  12  inches  apart.  The  upper 
face  of  the  lower  collar  o  is  formed  with  deep  ratchet-teeth  of 
about  two  inches  pitch,  and  the  under  face  of  the  top  collar  h  is 
formed  with  similar  ratchet-teeth  set  exactly  in  line  with  those  on 
the  lower  collar.  Between  these  collars  and  sliding  freely  on  the 
neck  of  the  boring  bar  b  is  a  deep  bush  j,  which  is  also  formed 
of  corresponding  ratchet-teeth  on  both  its  uppcur  and  lower  faces ; 
but  the  teeth  on  the  upper  face  are  set  half  a  tooth  in  advance  of 
those  on  the  lower  fSaoe,  so  that  the  perpendicular  side  of  each 
tooth  on  the  upper  face  of  the  bush  is  directly  above  the  centre  of 
the  inclined  side  of  a  tooth  on  the  lower  face.  To  this  bush  is 
attached  the  wrought-iron  bow  k  by  which  the  whole  boring  bar 
is  suspended  with  a  hook  and  shackle  from  the  end  of  the  fiat  rope. 
The  rotary  motion  of  the  bar  is  obtained  as  follows:  when  tne 
boring  tool  falls  and  strikes  the  blow,  the  lifting  bush  J,  which 
during  the  lifting  has  been  engaged  with  the  ratchet-teeth  of  the 
top  collar  H,  falls  upon  those  of  the  bottom  collar  a,  and  thereby 
receives  a  twist  backwards  through  the  space  of  half  a  tooth ;  and 
on  commencing  to  lift  again,  the  bush  rising  up  against  the 
ratchet-teeth  of  the  top  collar  h  receives  a  further  twist  backwards 
through  half  a  tooth.  The  fiat  rope  is  thus  twisted  backwards 
to  the  extent  of  one  tooth  of  the  ratchet ;  and  during  the  lifting  of 
the  tool  it  untwists  itself  again,  thereby  rotating  the  boring  tool  forwards  through 
that  extent  of  twist  between  each  successive  blow  of  tlio  tool.  The  amount  of  the 
rotation  may  be  varied  by  making  the  ratchet-teeth  of  coarser  or  finer  pitch.  The 
motion  is  entirely  self-acting,  and  the  rotary  movement  of  the  boring  tool  is  ensured 
with  mechanical  accuracy.  This  simple  and  most  effective  action  taking  place  at 
eveiy  blow  of  the  tool  produces  a  constant  change  in  the  position  of  the  cutters, 
thus  increasing  their  effect  in  breaking  the  rock. 

The  Shell-i^unp,  for  raising  the  material  broken  up  by  the  boring  head,  is  shown 
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infy.  185,  and  consists  of  a  cylindrical  shell  or  barrel  p  of  cast-iron,  about  8  feet 

long  and  a  little  smaller  in  diameter  than  the  size  of  the  borehole.     At  the  bottom  is 

a  clack  a  opening  upwards,  somewhat  similar  to  that  in  ordinary  pomps;  but  its 

seating,  instead  of  being  fastened  to  the  cylinder  p,  is  in  an 

annular  frame  c«  which  is  held  up  against  the  bottom  of  the  186 

cylinder  by  a  rod  d  passing  up  to  a  wrought-iron  bridge  e  at 

the  top,  where  it  is  secured  by  a  cotter  f.    Inside  the  cylinder 

works  a  bucket  b,  similar  to  that  of  a  common  lift-pump,  having 

an  india-rubber  disc  valye  on  the  top  side ;  and  the  rod  d  of 

the  bottom  clack  passes  freely  through  the  bucket.    The  rod 

o  of  the  bucket  itself  is  formed  like  a  long  link  in  a  chain,  and 

by  this  link  the  pump  is  suspended.    The  bottom  dack  a  is 

made  with   an  india-rubber  disc  which  opens  sufficiently  to 

allow  the  water  and  smaller  particles  of  stone  to  enter  the 

cylinder ;  and  in  order  to  enable  the  pieces  of  broken  rock  to 

be  brought  up  as  large  as  possible,  the  entire  clack  is  free  to 

rise  bo(Uly  about  6  inches  ^m  the  annular  frame  c,  as  shown 

in  Jig.  186,  thereby  afiS)rding  ample  space  for  large  pieces  of  rock 

to  enter  the  cylinder  when  drawn  in  by  the  upstroke  of  the 

bucket. 

The  general  working  of  the  boring  machine  is  as  follows : — 
The  boring  head  is  hooked  on  to  the  end  of  the  rope,  and  lowered 
to  the  bottom  of  the  borehole,  the  rope  is  then,  secured  by  a 
damp  to  prevent  it  &om  being  drawn  off  the  winding  drum. 
Steam  is  admitted  to  the  percussion  cylinder,  and  the  boring 
bar  kept  at  work  until  it  has  broken  up  a  certain  quantity  of 
material  in  the  borehole.  After  this  operation,  the  steam  is 
shut  oft,  the  rope  undamped,  and  the  boring  head  withdrawn. 
The  shell-pump  is  next  lowered  down  by  the  rope,  and  the 
d^fris  pumped  into  it  by  lowering  and  raising  the  buckets  in 
the  pump  about  three  times,  by  means  of  the  winding  engine, 
while  the  pump  bairel  rests  upon  the  bottom  of  the  borehole. 
These  operations  are  repeated  every  fifteen  or  twenty  minutes. 

Three  men  are  required  to  work  the  machine  and  sharpen  the 
implements. 

Cast  of  Boring. — It  will  be  understood  that  the  advantage 
of  putting  down  boreholes,  as  compared  with  wells  or  shafts 
of  large  diameter,  consists  not  only  in  the  general  convenience 
in  the  small  size,  but  also  in  the  relative  cost,  whidi  may  be 
said  to  var^  according  to  the  area  of  the  perforation,  but  in  an 
uneven  ratio. 

The  cost  of  boring  shallow  holes  is  naturally  much  less  per 
foot  than  the  rate  of  charge  for  borings  at  a  considerable 
depth.  The  general  cost  of  boring  by  hand  or  by  lever  may 
be  taken  as  follows : — 

First    80  feet 1*.  per  foot. 

Second  30 .        ,  2s.       „ 

Third   80 8«,       ,. 

Fourth  30    „ 4«.       >» 

And  so  on,  adding  Is.  per  foot  for  each  additional  80  feet. 

In  very  hard  strata  the  cost  of  boring  may  be  taken  at  60  per  cent,  more  than  the 
above  prices. 

The  cost  of  boring  by  the  '  Diamond '  machinery  amounts  to  no  less  than  13«.  6d,  per 
foot  for  the  first  100  feet,  and  for  each  additions^  100  feet  7s,  6d.  per  foot  is  added. 
The  'Diamond '  machinery,  however,  is  capable  in  hard  strata  in  a  day  of  twelve  hours 
of  boring  a  distance  of  50  feet,  whereas  by  hand  boring,  the  average  speed  in  similar 
rocks  cannot  be  taken  at  more  than  10  feet  per  day.  This  refers  to  a  depth  of,  say 
200  feet,  but  in  the  ordinary  system  of  boring  with  rods,  whether  by  hand  or 
machineiy,  where  the  rods  have  to  be  disconnected  and  the  dibris  has  to  be  drawn 
from  great  depths,  an  important  element  has  to  be  considered.  Whilst  the  weight  of 
the  apparatus,  consequent  upon  an  increased  depth,  tends  to  augment  the  speed  of 
boring,  the  drawing,  disconnecting,  and  connecting  of  great  lengtiis  of  rods  for  the 
purpose  of  clearing  the  hole,  takes  at  a  depth  of  about  250  feet  really  more  time  than 
IS  occupied  in  the  actual  boring,  and  at  great  depths  these  processes  absorb  no  less 
than  }Uis  of  the  total  working  time^  This  serious  difficulty  is  obTiated  in  two  systems 
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of  boring: — Ist,  the  mode  supposed  tx>  hare  been  originated  in  Chins,  of  using  ropes 
for  working  the  boring  tools,  in  place  of  rods.  This  system,  which  has  been  success- 
fully carried  out  in  America  and  elsewhere  in  the  boring  for  petroleum,  as  previously 
described  ;  but  the  principle  has  been  most  thoroughly  adapted  and  re-arranged  by 
Messrs.  Mather  and  Piatt.  2nd,  by  the  invention  of  M.  Fauvelle,  by  means  of  which 
the  beatcn-up  rock  at  the  bottom  of  the  borehole,  instead  of  having  to  be  drawn  up 
by  rods  or  ropes,  is  continuously  removed  by  a  current  of  water  for^  down  the  bore- 
hole by  means  of  a  pump  placed  at  the  top. 

The  foregoing  brief  reference  to  certain  modes  of  boring  has  been  made  for  the 

Surpose  of  drawing  Attention  to  the  chief  conditions  upon  which  economical  boring 
spends. 

On  the  Application  of  Boring  to  the  Sinking  of  Shafts, — ^The  science  of  boring  has 
recently  been  applied  in  a  manner,  the  practical  economy  of  which  is  of  great  impor- 
tance as  bearing  upon  the  investment  of  capital  in  the  sinking  of  coal-mines  through 
aqueous  strata.  M.  Kind  has  within  the  past  twelve  years  in  Germany  and  France 
put  down  a  number  of  shafts,  varying  in  diameter  from  9  to  14  feet,  a  considerable 
distance.  Those  pits  have  been  su^  through  strata  yielding  immense  volumes  of 
water,  and  the  whole  process  has  been  conducted  under  water.  To  enable  such 
shafts  to  bo  sunk  down  to  their  Aill  depth  by  shutting  dS  the  feeders  of  waters  met 
with,  by  means  of  tubing  placed  in  the  sliafb,  M.  Chaudron,  a  Belgian  engineer, 
came  to  M.  Kind's  aid,  and  by  the  application  of  several  simple,  but  ingenious  con- 
trivances, hereafter  to  be  described,  has  succeeded  in  fixing  the  necessaiy  tubing  under 
water,  and  in  providing  a  perfectly  effidont  joint  at  the  base  of  the  tubing,  between 
the  water-beanng  and  the  dry  strata. 

Of  the  future  coal-fields  of  England,  it  is  probable  that  nearly  half  of  the  remaining 
deposit  of  coal  will  have  to  be  obtained  by  sinkings  through  newer  formations  than 
the  coal-measures,  where  veiy  large  quantities  of  water  will  have  to  be  encountered. 
This  indicates  the  importance  to  this  country  of  some  economical  system  of  piercing 
such  strata. 

The  ordinaiy  system  of  sinking  through  strata  containing  large  quantities  of  water 
has  been  to  provide  a  large  pumping  pl^t,  and  to  pump  each  feeder  of  water  out  as 
met  with,  fixing  on  the  rock  forming  tiie  barrier  for  eacn  feeder  a  firmly  wedged  iron 
curb,  and  making  it  the  base  of  the  tubing  which  is  built  in  segments,  such  segments 

186  '  187 


being  generally  about  4  feet  long  by  2  feet  9  inches  high.  The  joints  between 
these  segments  are  made  secure  by  means  of  wooden  sheeting  wedged  tightly.  Where 
the  feeders  are  large,  several  sets  of  pumps  have  sometimes  to  be  introduced  into  the 

Sit,  and  the  workmen  have  almost  continually  to  be  working  in  water,  and  at  a  groat 
isadvantage.  This  difficulty,  combined  with  the  heavy  cost  of  fuel,  cost  of  buckets 
and  powder,  the  great  liability  of  accidents  to  the  pumping  plant,  the  cost  of  fixing 
the  curbs  and  segmental  tubing,  and  the  risk  entailed  in  the  large  number  of  joints 
in  the  tubing,  constituto  the  chitf  disadvantages  of  this  system  of  sinking  pits  through 
wateiy  strata. 

The  Kind-Chaudron  system  may  be  briefiy  described  by  pointing  out  the  various 
processes  adopted : — 

Ist.    The  opening  of  the  mine  is  commenced  by  erecting  the  plant  shown   by 
Jig9,  180  and  187,  which  exhibit  two  sectional  elevations  of  the  surface  arrangements 
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]*equirod.  The  general  plant  consists  of  the  boring  machine,  this  being  a  cylinder 
having  steam  applied  to  the  upper  side  of  the  piston  only.  The  piston-ro<l  is  attached 
to  one  end  of  a  massiTo  beam,  to  the  other  end  of  which  the  boring  tools  are  sus- 
pended. The  capstan  engine  c,  is  used  for  lowering  and  raising  the  boring  tools,  and 
for  i<&isi^  the  dibris  made  by  the  boring. 

2nd.  When  the  stage  b  b,  on  whidi  the  borers  stand,  has  been  erected,  the  boring' 
of  the  pits  is  commenced.  Supposing  that  the  pit  to  be  sunk  has  a  diameter  of  13  feet, 
the  first  process  is  to  put  down  a  borehole,  wiUi  a  diameter  yaxying  from  3  to  5  feet, 
and  the  tool  used  for  this  hole  progresses  in  ordinary  strata,  at  the  rate  of  about 
8  feet  per  day.  When  this  hole  has  been  put  down,  say  a  distance  of  60  feet,  the 
larger  trepan  used  for  the  purpose  of  making  the  pit  its  full  size  is  applied.  This 
instrument  is  shown  hjfys,  188  and  189  ;  it  is  made  of  wrought  iron,  is  &rnished  with 
28  teeth  or  chisels,  and  weighs  about  16  tons.    The  smaller  trepan  is  of  simihir  design. 
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The  ordinary  speed  of  the  boring  iHien  wovked  by  the  large  trepan  may  be  taken  at 
about  3  feet  per  day.  It  will  be  observed  that  the  faces  of  the  chisels  incline  to  the  eentre 
of  the  pit ;  this  tends  to  assist  the  passing  of  the  tUbrii  made  in  the  large  boring  into 
the  cavity  formed  by  the  small  b^ing  tool,  whence  it  is  extracted  by  the  ordinary 
scourer.  This  process  is  continued  to  the  bottom  of  the  aqueous  strata,  the  small 
borehole  being  kept  about  60  feet  in  advance  of  the  larger  hole.  Should  broken  tools 
fall  into  the  shaft,  the  instruments  shown  hy  Jhs,  190  and  191  are  used,  the  foonner, 
l)y  means  of  internal  teeth,  clutches  with  ease  broken  bars,  &c,  having  no  should^, 
and  which  cannot  be  taken  hold  of  by  means  of  the  ordinary  extractor.  Fh^  191  is 
the  *grapin,*  used  for  the  purpose  of  raising  broken  teeth  or  other  small  objects 
which  may  have  f^en  to  the  bottom  of  the  shaft    This  tool  has  one  part  sliding  into 
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the  other,  and  is  lowered  with  the  claws  dosed.    An  arrangement  of  light  ropes 
handled  ^m  the  snr£EMse  enables  the  engineer  to  work  this  instrument 

3rd.  Pkunng  the  TlfMft^.-— Instead  of  being  in  small  segments,  the  tubing  is  east  in 
complete  cylinders,  about  6  feet  high,  with  inside  flanges  at  both  top  and  bottom, 
which  are  turned  and  faced.  The  tubing  is  suspended  in  the  pit  by  rods,  and  is 
lowered  down  as  each  new  cylinder  is  added.  When  the  bottom  of  the  water-bearing 
strata  is  reached,  the  arrangement  shown  hjfig,  193  is  adopted.  A  sliding  mosa-boxt 
placed  inside  the  base  of  the  tubing,  is  allowed  to  rest  on  the  rock  floor  made  for  the 
reception  of  the  tubing,  at  the  point  below  which  no  feeders  of  consequence  are  ex- 
pected. The  full  weight  of  the  tubing  resting  on  this  box,  causes  the  moss  to  protrude 
at  the  back,  and  form  a  perfectly  water-tight  joint  at  the  base  of  the  tubing.  To 
render  this  joint  more  secure,  a  few  foet  of  tubing  in  segments  resting  upon  two  strong 
vedged  curbs,  are  placed  in  the  pit  below  the  moss-box. 
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4th.  The  Securing  of  the  Bigidity  qf  the  Tubing. — ^The  tubing  now,  as  it  were, 
stands  in  the  pit,  resting  on  the  foundation  afibrded  by  the  moss-box,  but  without  any 
lateral  support  It  is  secured  in  its  position  by  means  of  cement  which  is  dropped 
down  behind  the  iron  tubing  by  means  of  a  cement-box  with  a  moyeable  piston,  worked 
by  a  rope  firom  the  surface.    (Seej^.  192). 

5th.  The  shaft  haying  now  been  made  secure,  the  extraction  of  the  water  is  pro- 
ceeded with,  and  the  pit  is  then  ready  to  be  sunk  either  by  the  ordinary  method  or 
otherwise. 

The  labour  and  time  taken  in  the  changing  of  the  rods  becomes  so  great  at  consi- 
derable depths  that  the  ordinary  system  of  sinking  has  generally  to  be  resorted  to. 

Boring  in  CoaL — ^An  important  operation  in  coal-mines,  where  explorations  haye  to 
be  made  in  the  direction  of  old  workings,  or  goofs,  which  maybe  holding  large  quanti- 
ties of  inflammable  gas,  or  water,  is  harigontal  boring.  In  this  work  only  yery  light 
rods  are  used,  as  the  position  of  the  hole  makes  the  strength  of  the  rods  a  question  of 
secondary  importance.  The  important  points  to  consider  are  the  driying  of  the  hole 
exactly  parallel  with  the  strata,  and  arranging  sufficient  holes  to  render  it  impossible 
for  the  adyancing  '  heading '  to  come  suddenly  upon  any  old  workings  or  narrow  adits. 
In  many  cases  water  of  immense  pressure  has  to  be  bored  against  The  ordinary 
mode  of  boring  is  shown  by  fif,  194.  Here  the  adyancing  head,  a,  may  be  assumed 
to  be  8  ibet  wide,  and  the  minimum  width  of  any  old  headings  may  oe  taken  at  4 
Uei,    Supposing  the  pressure  anticipated  is  such  that  it  is  only  necessaiy  to  ascertain 
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the  solidity  of  a  thickness  of  12  feet  ot  ooal  on  each  side  of  the  advancing  xodt  it  is 
usual  to  bore  three  holes,  one  in  the  line  of  Uie  heading,  and  two  flank  holes,  which 
can  either  be  driven  from  the  comers,  or  as  shown  in  the  sketch.    The  flank  holes  are 


194 


SUPPOSED  OLD  HEADING 


bored  at  such  an  angle  as  will  enable  them  to  detect,  within  a  given  distance,  the  pre- 
sence of  any  old  works  which  may  be  in  advance  of  them.  Thus  it  will  be  seen  on 
fy.  194,  that  the  direction  c^  the  hole  is  such  that  no  old  head  could  exist  without 
being  <fiscovered  by  the  borers. 

Where  no  eztraordinaiT  pressure  exists,  it  is  usual  for  the  centre  holes  to  be  bored 
a  distance  of  about  9  yards,  after  which  the  heading  is  sdvanced,  say  8  yards  flirther, 
bjr  ordinary  mining ;  hence  it  will  be  seen  that  the  use  of  the  centxe  hole  can  be  con- 
tinued, while  new  flank  cfr  side  holes  have  to  be  bored  every  few  yards.  The  usual 
size  of  the  holes  driven  for  proving  old  works  is  about  1^  inch  diameter,  and  the  cost 
of  baring  varies  from  dd,  to  2«.  per  yard,  according  to  the  length  of  the  hole. 

In  some  cases,  where  a  heavy  pressure  of  water  has  to  be  encountered,  the  rush  of 
water  is  so  rapid,  that  it  is  impossible  for  the  borers  to  stem  its  progress  by  means 
of  plugs. 

In  an  important  boring  conducted  under  the  superintendence  of  the  writer,  the 
arrangement  shown  by  ^.  195  was  adopted.    Here  the  bore-rod  nearest  to  the  handle 
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is  of  turned  steel,  working  through  a  stufllng-box,  s,  which  is  attached  to  a  tube,  the 
end  of  the  tube  being  wedged  tightly  into  the  borehole.  Near  the  stuffing-box  is  a 
short  elbow,  in  whidi  is  a  valve  or  cock.  When  the  old  woridngs  are  pricked,  and 
the  water  is  reached,  the  cock  is  closed  to  prevent  the  occurrence  of  any  serious 
consequences.  About  the  centre  of  the  tube  a  disc-bracket  is  placed,  bearing  against 
two  beams,  one  above,  the  other  below  the  tube,  the  end  of  these  beams  being  wedged 
tiriitly  into  the  sides  of  the  coal  heading.  The  adoption  of  this  mode  not  only  ensures 
suety,  but  conduces  to  the  accuracy  with  which  the  hole  is  driven. 

Norton's  Patent  Well  Tidtes, — A  method  of  well  sinking,  natented  by  Mr.  J.  L. 
Norton,  of  London,  by  which  a  supply  of  water  can  be  obtained  in  a  very  shcnrt  space 
of  time,  provided  the  geological  conditions  of  the  part  selected  for  the  sinking  are 
favourable,  deserves  notice. 

The  arrangement  consists  of  a  wrought  iron  tube,  about  II  feet  long  and  1^  to  8 
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indieB  diometor,  tdrminated  at  one  end  bj  a  shazp  steel  point,  and  perforated  with 
nmnerous  small  holes  for  a  distance  of  about  2  feet  aboye  the  point  This  tabe  ia 
driyen  into  the  ground  by  repeated  blows  from,  a  *  monkey/,  or  heayy  weight*  which^ 
slides  fireely  on  the  tube,  falling  on  a  shoulder  damped  to  the  lower  end  of  the  tube. 
The  monkey  is  raised  by  ropes  running  over  a  pulley  attached  to  a  tripod,  which  at 
the  same  time  preseryee  the  upright  position  of  tne  tube.  When  the  damp  readies  the 
leyel  of  the  earth,  it  is  unscrewed  and  reflzed  higher  up  the  tube,  and  the  driying  is 
continued  as  before,  additional  lengths  of  piping  being  added  as  required.  As  soon 
as  it  is  found,  by  plumbing  the  tube,  tnat  water  hiets  been  readied,  a  deansing 
pump  is  screwed  to  the  top  of  the  tube,  which  brings  up  the  sand  and  loose  earth 
from  the  bottom  of  the  tuM  and  immediately  around  the  end  of  the  same,  forming  a 
reservoir  for  the  water.  Where  the  water  has  to  be  drawn  from  a  sandy  soil,  a  filter 
is  attached  to  the  perforated  end  of  the  well-tube,  which  prevents  even  the  finest 
sand  from  being  pumped  up  with  the  water. 

It  will  be  seen  at  onoe  that  this  method  of  obtaining  water  is  not  adapted  for  a 
rocky  country ;  but  for  purposes  where  the  water  is  to  be  obtained  within  a  compara- 
tively short  distance  frcmi  the  surface,  and  where  the  strata  to  be  passed  through  are 
not  of  a  very  hard  nature,  these  wells  are  yeiy  useful,  especially  as  they  can  be  sunk 
in  light  soils  at  the  rate  of  10  to  12  inches  per  minute.  The  quantity  of  water  they 
can  supply  must  depend  upon  the  yidd  of  the  stratum  to  which  they  are  sunk,  but 
irells  of  this  kind  have  be^i  known  ta  give  a  quantity  of  upwards  of  800  gallons  per 
minute. 
The  greatest  dejpth  at  which  these  wells  haye  been  used  is  120  feet 
ViUepiqus  PerfiriUor. — ^This  apparatus  consists  of  two  prindpal  parts,  namdy,  a 
standanl  or  column,  and  a  driving  screw  with  its  accessories.  The  column  is  formed 
of  stout  sted  tube,  fitted  at  its  lower  extremity  with  a  twin  daw  working  on  a  rocking 
Joint  and  at  the  upper  end  with  a  nut  fixed  inside,  in  which  a  screw  works,  which  screw 
is  terminated  by  a  sted  point  On  this  steel  tube  is  a  metal  dip  collar,  free  to  slide 
from  one  end  to  the  other,  or  to  revolve  around  it  This  collar  can  be  damped  at 
any  required  point  To  this  collar  is  attached  a  malleable  iron  box,  endoeing  the 
mechanism  for  giving  an  automatic  feed  to  the  screw,  and  for  carrying  the  driving  or 
main  screw.  The  weight  of  the  whde  apparatus  is  from  50  to  60  lbs.  The  time 
required  for  fixing  the  perforator  in  its  place  is  about  one  minute.  The  sted  augers 
are  mechanically  twisted,  and  have  cutting  ends  to  suit  the  material  to  be  ad»d  on. 
The  following  figures  are  taken  from  a  valuable  paper  in  the  '  Transactions  of  the 
Korth  of  England  Institute  of  Mining  and  Mechanical  Engineers,'  vol.  xx. 
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FmF$  Barer. — ^A  boring  machine  was  invented  by  Mr.  B.  G.  Ford,  of  Sandhurst 
Victoria,  about  the  year  1868,  and  patented  in  England  on  August  10,^  1869.  The 
motion  of  the  tool  is  redproeating«  and  the  motive  power  compressed  air,  or  steam, 
applied  at  a  pressure  of  60  lbs.  per  square  inch.  This  pressure  is  constantly  exerted 
on  a  small  annular  space  in  front  of  the  piston,  and  intermittingly  on  the  wnole  area 
of  the  badL  of  the  piston.  The  ports  for  the  alternate  admission  of  the  pressure  fiuid, 
and  for  the  exhaust^  are  opened  and  closed  by  a  valve,  worked  by  a  small  piston. 
The  air  ports  and  tiie  movement  of  the  yalye  are  so  arranged  that  the  piston  cannot 
s^ke  t)ie  front  and  badL  of  the  cylinder. 

The  rotation  of  the  boring  tool  is  caused  by  the  piston-rod,  working  a  ratdiet  and 
paul  round  a  cyUnder  attached  to  the  front  of  the  working  cylinder ;  and  as  the  piston 
redprocates,  it  carries  itself  around  the  <nrlinder,  and  makes  a  complete  loevolution 
ereiy  twenty-one  blows,  by  which  means  the  maciiine  bores  a  round  hole.    The  feed 
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is  self-adTancing,  and  self-a^justablo,  efifected  by  the-rrorldng  cylinder  being  prorided 
with  an  exterior  cylinder,  in  which  it  can  slide.  The  motivo  pressnre  is  constantly 
tending  to  propel  the  working  cylinder  forward,  but  is  retained  by  a  screw,  which  is 
prevented  from  taming  by  a  panl,  which  the  piston  strikes  when  it  maJces  a  full 
stroke,  thus  releasing  the  screw,  and  permitting  the  working  cylinder  to  advance  for- 
ward as  the  hole  increases  in  depth.  The  weight  of  bloww&ch  can  be  struck  by  this 
machine  is  600  lbs.;  number  of  blows  per  minute  20  to  600. 

The  inventor  claimed  the  construction  of  rock  boring  machines,  in  which  the  piston 
of  the  main  cylinder  distributes  and  exhausts  the  motive  flmd  to  and  from  other  cylin- 
ders at  distinct  portions  of  the  stroke.  For  further  particulars  and  illustration,  see 
Specification  No.  2,387,  a.d.  1860. 

JBerg8trdm*s  Borer, — ^This  machine,  used  at  the  Persebeig  Mines,  near  Philipetad, 
in  Sweden,  is  a  modification  of  that  constructed  by  Schumann,  <^  Freiberg.  The 
machine  consists  of  a  cylinder  4^  inches  diameter,  and  a'balanced  slide  valve.  The 
movement  of  the  niston  and  valve  is  automatic,  the  advance  of  the  apparatus  is 
effected  by  the  hand.  The  length  of  stroke  is  7  inches,  cubic  inches  of  air  or  steam 
required  per  stroke  200,  or  8|  strokes  per  cubic  foot  Speed  from  200  to  350  blows 
per  minute.    Pressure  required  to  drive  borer,  15  to  20  lbs.  per  square  inch. 

Weight  of  machine,  122  lbs.  For  additional  particulars  and  illustrations,  see 
paper  by  C.  Le  Neve  Foster,  Miners'  Association  of  Cornwall  and  Devonshire,  1867. 

Sach^s  Borer, — ^The  lightness,  suitability,  and  economical  working  of  this  drill,  have 
induced  Prussian  engineers  to  use  it  somewhat  extensively,  both  in  metalliferous 
'  mines  and  cpUieries.  Fig.  106  illustrates  an  arrangement  of  the  drill  and  stand, 
employed  both  in  shaft  and  winze 
sinking.  The  cylinder  is  2^  inches 
diameter,. borer  rod  Ijths  inch  di- 
ameter, back  rod  1  inch  diameter, 
valve  rod  }ths  inch  diameter.  The 
valve  is  a  simple  plate ;  one  face 
being  on  the  portways  leading  to 
and  from  the  cylinder,  the  other 
rettdned  by  a  phite  carrying  the 
valve  arbor.  The  top  of  the  back 
rod  carries  a  ring,  to  which  is 
attached  a  small  rod  for  rocking 
the  valve-shaft  To  this  ralvc- 
shaft  is  also  attached  a  horizontal 
rod,  which  carries  two  pauls,  one 
for  turning  the  borer,  the  other  for 
advancing  the  cylinder  through 
the  medium  of  a  nut  travelling  on 
the  screw  side  bar.  At  a  pressure 
of  25  lbs.  per  square  inch,  the  borer 
makes  400  strokes  per  minute,  the 
length  of  stroke  being  5  inches. 
The  blow  pressure  is  116  lbs., 
return  pressure  72  lbs.  About  45 
cubic  inches  of  air  or  steam  are 
required  per  stroke,  or  38  strokes 
per  cubic  foot  The  area  of  steam 
portway  is  Aths  of  a  square  inch. 
The  rate  of  boring  per  minute  in 
basalt  is  8  inches,  coal  sandstone 
3  inches, quartz  grauwacke  2  inches, 
carbonate  of  iron  1^  inch.  One 
borer  requires  about  one.  horse- 
power to  drive  it 

Boerinc^s  Borer, — This  machine  is  worked  by  compressed  air  or  steam,  at  a  pres- 
sure of  about  85  lbs.  per  square  inch.  The  pressure  fiuid  acts  alternately  on  the  front 
and  back  of  the  main  piston.  The  valve  for  the  admission  of  compressed  air,  and  for 
the  exhaust,  is  worked  by  two  chambers  in  the  main  piston,  one  of  these  diambers 
being  always  in  communication  with  the  main  inlet  of  compressed  air,  the  other 
chamber  in  communication  with  the  outer  atmosphere.  The  valve  has  a  separate 
piston  to  work  it ;  on  the  smaller  side  of  the  piston  a  constant  pressure  of  air  is  main- 
tained, a  passage  connects  the  other  end  of  the  cylinder,  in  which  the  valve-piston 
wotks,  with  a  certain  point  of  the  main  cylinder^    The  chatnber  with  oompressed  air 
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passing  oyer  this  port  caiisos  a  pressuro  on  the  larger  area  of  the  Talye-instoii,  vliidi 
oyeroomefl  the  constant  pressure  on  the  smaller  area,  and  reyerses  the  yalye  so  as  to 
admit  compressed  air  t6  the  opposite  end  of  the  main  piston.  Botation  of  tilie  borer 
is  efibcted  by  means  of  a  twist  bar  and  ratchet-wheel,  the  feed  oradyance  is  antomatie. 
This  machine  -was  employed  at  Tincroft,  and  bored  277  holes  from  the  9th  to  the  80th 
of  January  1868,  or  at  the  rate  of  13  holes  per  20  hours.  In  coal  sandstone,  at  270 
strokes  per  minute,  the  rate  of  boring  was  l^hs  inch  per  mimtte.  See  Specifications 
of  Patents,  Noyember  9,  1866,  No.  2,922 ;  January  7,  1867,  No.  48 ;  June  10, 1867, 
No.  1,704. 

0$terkamp*9  Borer, — Abont  four  years  ago,  the  machine  engineer,  Osterkamp  of 
Eschweiler,  near  Aiz-la-Ghapelle,  Brossia,  contriyed  a  light-b^nng  madiine,  with  a 
steam  or  air-moyed  yalye.  He  also  added  a  portable  staM,  with  the  ol^ect  of  dis- 
pensing with  the  colmnnar  apparatos  used  m  connection  with  8ach*8  £orer.  The 
workmen  held  and  directed  the  machine  and  also  adyanoed  the  tool  for  deepening 
the  hole. 

The  weight  of  a  cylinder,  haying  a  jnston-rod  2^ths  and  |Aston  8  inches  diameter, 
was  50  lbs.    Weight  of  supporting  stand,  from  40  to  56  lbs. 

This  machine  bored  a  hole  in  cod  sandstone  1^  inch  (Hameter,  ^ths  of  an  inch  deep, 
in  a  minute ;  and  in  the  same  time  a  second  hole  }  inch  diameter,  1^  to  U  indi.  The 
speed  of  the  machine  at  80  lbs.  pressure  is  about  210  strokes  per  minute.  Length 
of  stroke,  5  inches.  Cubic  inches  of  steam  or  air  required  per  stroke,  40  or  48  strokes 
t>er  cubic  foot  Pi^essure  for  blow  185  lbs.,  for  returning  piston  75  lbs.  For  par- 
ticulars and  illustration  of  Borer,  see  Spedficataon,  No.  1,466,  a.i>.  1870. 

Th$  McKean  Rock^rUL — ^This  rock-drill  is  worked  either  by  steam  or  compressed 
air,  and  can  bo  ai^usted  to  any  required  position,  so  that  holes  may  be  drilled  at  any 
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angle,  the  machine  working  with  equal  &cility  in  every  direction.  The  ralye  is 
fidaptod  to  deliyer  firom  400  to  1,000  blows  per  minute,  wmle  the  stroke  of  the  piston 
and  fall  of  the  cutter  bar  is  only  24  inches  or  3  inches ;  the  shock  to  the  cutter  bar  and 
piston  when  striking  the  rock  is  cushioned  by  the  steam  or  air  in  tiie  cylinder. 

The  cylinder,  yalye-chest,  and  frame  for  carrying  the  guides  and  bearings  for  the 
piston,  yalye-rods  and  other  parts,  of  the  madkine  are  cast  in  one  piece.  The  per- 
cussion cylinder  is  marked  a  and  the  yalye-chest  b ;  the  yalye  seating  is  formed  of  a 
small  cylinder  c  placed  within  the  yalye-chest— situate  on  one  side  of  the  cylinder  a. 
The  yalye  d  is  cylindrical,^  its  axis  is  parallel  to  that  of  the  piston-rod,  and  on  one 
side  there  is  formed  a  projecting  curyed  face  d\  forming  the  working  part  of  the  ralve 
which  alternately  coyers  and  unooyers  the  admission  ports  e  e,  that  extend  the  whole 
length  of  the  yalye-chest  e.  The  exhaust  port  is  formed  between  the  admission  ports, 
ana  opens  into  the  centre  of  the  <nrlindrical  yalye. 

The  oscillating  moyement  required  for  actuating  the  yalye  is  giyen  by  the  spindle 
through  the  key  dP,  and  the  grooye.  At  the  bottom  of  the  yalye  a  shoulder  d*  is  also 
formed,  fitting  tightly  in  the  <^linder.  By  this  means  the  escape  of  steam  or  air  is 
preyented,  and  sufficient  friction  is  produced  to  ayoid  any  excessiye  motion  of  the 
ralye  from  the  action  of  the  tappets  which  actuate  the  spindle.  These  tappets  are 
shown  at  I V,  where  it  will  bo  soon  that  they  are  attached  to  a  sleeye  fastened  upon 
the  yalye  spindle,  and  at  such  an  angle  on  each  side  of  the  centre  line  passing  through 
the  yalye  spindle,  and  piston-rod,  that  they  may  be  struck  by  the  enlarged  portions  of 
the  latter  *•  Ar*.  The  piston /is  formed  of  steel,  in  one  piece  with  the  piston-rod 
g\  and  the  tool  holder  g^,  Grooyes  are  formed  in  the  piston,  as  shown  at  f^  to 
receiye  metallic  piston-rings.  The  rod  in  adyanoe  of  the  pston  is  of  a  diiuneter 
larger  than  that  at  the  rear,  in  order  that  sufficient  strength  may  be  obtained  for 
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carrying  the  cutting  bar.  The  piston-rod  g*  pasaes  through  a  staffing*  box  in  the 
^linder,  and  takes  a  bearing  at  the  end  of  the  frame  of  the  drill  as  shown  at  i ;  and 
as  the  rod  on  the  front  side  of  the  pston  also  passes  through  a  stuffing  boz»  the  chief 
moTing  part  of  the  machine  is  supported  at  three  places  in  its  length.  Upon  the 
piston-rod  ^  an  enlaigement,  k\  ]v*,  A:*,  is  made  with  two  conical  faces ;  the  valre 
tappets  n'  are  in  contact  with  these  faces,  and  the  reciprocating  motion  or  the  piston- 
rod  imparts  to  them  the  necessary  motion  for  actuating  the  ralve.  The  angle  of  the 
tappets  can  be  a^usted  at  will  to  regulate  the  distribution  of  the  steam  or  air. 
Between  the  sloping  or  conical  surfaces  of  the  enlargement  of  the  piston-rod  there  is  a 
straight  length  ]r*,  in  which  are  cut  ratchet-teeth  in  an  oblique  direction  around  the 
surface ;  these  teeth  come  in  contact  with  a  grooved  bar  m^  the  grooves  ml  being  cut 
to  correspond  with  the  teeth  in  ^.  In  the  frame  of  the  drill  is  formed  a  recess,  in 
which  a  spring  m*  is  placed,  the  centre  of  the  spring  pressing  against  the  back  of  the 
grooved  plate  m.  At  the  forward  stroke  ^  the  piston,  the  enlargement  ^  pressing 
against  m  depresses  it,  forcing  it  into  the  recess ;  out  at  the  return  stroke,  the  teeth  dT 
^  engaging  in  the  grooves  of  m,  give  it  a  rotating  movement  to  the  pistdn-rod, 
piston,  and  cutter  bar,  so  that  a  slow  and  constant  turning  of  the  cutter  is  efifected. 
The  amount  of  rotary  motion  imparted  during  each  stroke  is  about  one-sixteenth  of  a 
revolution. 

The  automatic  feed  arrangement  for  keeping  the  end  of  the  cutter  in  contact  with 
the  rock  consists  of  a  double  threaded  screw,  wit^  a  key  way  in  it,  as  shown,  extending 
from  end  to  end  of  the  machine,  the  rear  bearing  beinff  formed  by  a  bracket.  On  the 
outside  of  the  (prlinder  a,  two  stops  c^  are  cast,  and  between  these  stops  is  placed  a 
nut  «',  which  is  prevented  from  taming  by  being  made  with  a  flat  side  bearing 
against  the  outside  of  the  ^linder  a.  Tlm>ugh  this  nut  the  screw  n  paasoB ;  fitting 
into  the  ratchet  j/  is  a  second  ratchet  a,  with  an  arm  ^  that  is  attachea  to  the  tappHsts 
/  r,  which  gives  a  reciprocating  motion  to  the  ratchet  9,  and  a  constant  revolving 
motion  to  the  sleeve  j?;  the  key  in  which  drives  the  screw,  which  turns  the  nut  nf 
and  with  it  the  whole  drill,  whilst  the  screw  n  travels  freely  through  the  sleeve  p. 
By  this  means  a  constant  and  regular  feed  is-  obtained.  The  end  of  t£e  screw  at  </  is, 
however,  made  square  for  the  reception  of  a  lever,  by  which  the  automatic  feed  can 
be  replaced  by  a  nand  movements  The  cutter  bar  is  made  adjustable  by  means  of  a 
screw  thread  and  nut,  the  face  of  the  nut  against  the  key  bein^  grooved,  so  that  when 
it  is  screwed  up  tight  and  the  key  driven  in,  there  is  no  possibility  of  the  key  shaking 
loose  and  the  cutter  becoming  ui^astened. 

The  machine  of  the  size  cffdinuily  used  for  quarry  work  or  open  cutting  weighs 
about  150  lbs.  A  smaller,  and  for  many  purposes  a  still  more  convenient  form  is 
manufactured,  which  can  be  handled  by  one  man. 

With  a  steam  pressure  of  75  lbs.  to  the  inch,  it  will  drill  as  a  maximum,  a  2j-inch 
hole  to  a  depth  of  10  inches  per  minute  in  Aberdeen  granite ;  but  the  average  duty  may 
be  estimated  at  from  6  inches  to  9  inches  per  minute,  and  the  number  of  strokes  from 
500  to  1,000. 

For  sinking  shafts  the  machine  is  mounted  on  a  column  placed  crosswise  in  the 
shaft,  and  fixed  rigidly  by  the  telescopic  and  screw  adjustment  above  mentioned,  from 
which  column  any  required  direction  may  be  readily  given  to  the  boring  tool,  or  the 
drill  may  be  mountea  upon  adjustable  stand  or  frame,  as  is  designed  for  quarry  and 
openwork. 

For  driving  tunnels  where  one  or  more  machines  may  be  worked  against  the  &ce, 
the  machines  are  mounted  upon  moveable  and  adjustable  columns,  supported  upon  a 
carriage  moved  upon  rails. 

In  reference  to  this  drill  Sir  George  William  Benys  states  as  f(^ows  i — 

(1)  Weight  of  machine  without  stand,  large  size  1}  cwt.,  small  do.  1  cwt  (2) 
Length  of  drill  88  inches.  (8)  Diameter  of  piston  5  inches,  length  of  stroke  2  to  4 
inches.  (4)  Strokes  per  minute,  500  to  1,000  ad  lUntum,  (5)  Pressure  required  25 
to  75,  average  50  lbs.  (6)  Advance  of  drill,  automatic  or  by  hand ;  but  where  only 
one  machine  is  working  the  hand  is  preferable,  for  it  obliges  the  miner  to  pay 
attention  and  see  that  the  drill  advances  regularly.  (7)  The  nature  of  the  stone 
varies ;  we  have  Hme,  chert,  and  grits  of  every  degree  ci  hardness.  (8)  Diameter  of 
water-wheel  88  feet  or  28  feet  would  have  done  as  well ;  bucket  4  feet  wide ;  breadth 
of  water  trough  2  feet;  deT)th  of  water  varies  with  the  supply  f^m  8  to  8  inches. 
(9)  Compression  wet,  a  half-inch  pipe  carries  the  water  up  the  level,  and  8<}uirts  the 
water  with  great  force  into  the  holes,  and  keeps  them  quite  dean.  JlO)  Dimensions 
of  level  6  feet  high  clear  of  the  rails,  and  abouc  5  feet  wide.  (11)  Tno  air-pipes  are 
2  inches  in  diameter,  but  I  think  1  inch  would  suffice.  (12)  The  level  forehead  is  now 
nearly  400  fftthoms  from  the  compressor;  the  ventilation  excellent,  the  air  being  as 
good  iuside  the  mine  as  out. 

Some  special  measurements  and  particulars  of  this  drill  are  as  follow : — Diameter 
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of  cylinder  4  inches,  piston-rod  2}  inches,  diameter  of  back  rod  l^ths  inch,  area  for 
blow  10  square  inches,  for  return  T-jJ^ths  square  inches,  pressure  for  blow  at  60  lbs.  per 
square  indi  500  Ibs^  and  for  return  of  piston  880  lbs.  Strdce  of  slide-valye  }  to  | 
inch,  opening  of  steam  port  ^th  to  ^  inch,  length  of  steam  port  6  inches,  area  of  steam 
port  l{  inch,  diameter  of  steam-ppe  li  indi,  stroke  of  piston-rod  2  to  4  inches. 
Turning  motion  one  reyolution  to  sixteen  blows.  The  consumption  of  steam  and  air 
for  a  4-inch  stroke  including  portway  dearances  is  about  00  oumc  inches,  or  19  strokes 
per  cubic  foot.  See  Specifications  of  Patents,  No.  1,104,  April  14, 1870,  and  No.  8,131, 
Nov.  20,  1870. 

7%$  BurMgk  Drill  in  its  general  airangements  does  not  diffor  essentially  from 
some  of  those  which  have  Immi  described.  It  has  been  used  in  several  mines  and 
quarries  in  this  country,  and  rather  extensivdy  in  America.  See  Specification  and 
Illustration  of  Brill,  No.  8,065,  aj).  1866. 

The  main  elements  of  this  drill  are  the  caffe,  the  (prlinder,  and  the  piston.  The 
cage  is  merely  a  tzough,  with  ways  on  either  tide  in  whidi  the  cylinder,  bv  means  of 
a  feed-screw  and  an  automatic  feed-levor,  is  moved  forward  as  the  drill  outs  away 
the  rock. 

The  piston  moves  backwards  and  forwards  in  the  cylinder,  and  is  propelled  and 
operated  on  substantially  like  the  piston  of  an  ordinary  steam-engine.  The  drill 
point  is  attached  to  the  end  of  the  ptston-rod,  whidi  is  a  solid  bar  of  steel. 

The  forward  motion  of  theeylinaer  in  the  trough  is  rc^giUated  by  an  automatic  feed, 
as  the  rock  is  cut  away. 

It  is  driven  by  steam  or  compressed  air  as  a  motive  power,  and  with  a  pressure  of 
60  lbs.  to  the  inch,  strikes  from  200  to  800  blows  per  minute,  according  to  the  sise 
of  the  machine. 

The  valve  used  to  control  the  entrance  into  and  egress  from  the  cylinder  of  the 
impelling  medium  is  the  ordinary  D  or  locomotive  slide-valve,  which  is  operated  bv  a 
Tafve-rod  attached  to  a  javoted  piece  made  sufficiently  heavy  to  possess  considerable 
momentum  when  put  in  motion. 

The  body  of  the  machine  is  made  in  one  casting,  and  constitutes  the  sttem  or  air 
cylinder  and  covers  luid  protecto  most  of  the  feeding  and  turning  mechanism.  This 
body  has  two  wings  forming  part  of  a  support  or  carriage,  so  that  the  drilling  machine 
m^be  presented  to  ite  work  in  any  direction  and  at  any  angle. 

The  cylinder  a  has  ite  ficont  end  closed  by  a  head  0,  into  which  a  long  stuffing  box 
d  is  screwed. 

To  prevent  an^  injurious  variation  between  the  amount  of  the  feed  and  the  pene- 
tration of  the  drill,  mechanism  is  introduced  whidi  automatically  preserves  a  practical 
uniformity  of  feed  and  penetration.  When  the  feed  of  the  cybnder  is  in  excess  of 
the  penetration  of  the  drill,  in  which  case  the  tappet  r  does  not  in  the  forward  stroke 
of  the  piston  reach  and  displace  the  paul — and  consequently  no  feed  takes  place  until 
the  penetration  of  the  driU  equals  the  previous  feed  or  advance  of  the  cyhnder.  As 
it  may  occur  when  a  feed  of  the  cylinder  takes  place,  that  the  piston  on  ito  back 
stroke  mij^ht  possibly  coUie  in  Contact  with  the  back  cylinder  h^ad  ff,  a  rubber 
cushion  &  is  {daced  against  the  rear-head  «,  to  act  as  an  elastic  cushion  to  check  the 
back  stroke  of  the  piston  by  impact  of  the  tappet  on  the  piston-rod  with  the  pro- 
tecting phite  facing  the  cushion. 

There  are  several  forms  of  carriages  for  mounting  drills  for  tunnel  work.  That 
used  for  the  Burleigh  drills  consists  of  a  troUy  on  four  wheels,  with  a  moveable  support, 
which  is  actuated  horiaontally  across  the  trolly  and  the  £nce  of  the  drift  hj  means  of 
a  screw.  The  hollow  bar  or  stretcher  which  fixes  the  carriage  when  it  is  in  position 
for  work,  is  held  by  a  moveable  support,  and  fixes  Itself  by  means  of  a  screw  at  the 
bottom.  To  this  hollow  shaft  or  upright  stretcher  the  drill  is  attached  by  a  damp ; 
the  drill  is  raised  or  lowered  bv  means  of  a  lever,  having  for  its  fiilcmm  a  pin  in 
either  of  the  holes  in  the  two  bars  of  iron  attadied  to  the  moveable  support  at  thdr 
bottom  ends,  and  to  the  hollow  shaft  at  the  top  ends.  When  the  drill  is  fixed  in 
position,  these  bars  are  allowed  to  fall  back  by  the  removal  of  the  pin  at  the  top 
which  connects  them  to  the  hollow  shaft. 

'  It  is  designed  to  be  worked  by  one  man,  and  may  run  on  rails  laid  fbr  the  par- 
pose. 

The  compressed  air  for  these  machines  has  been  carried  through  7*160  feet  of  an 
8-inch  iron  pipe ;  and  the  average  diffisrence  in  pressure  at  Uie  compressors,  and  the 
heading  of  the  tunnel,  with  an  average  of  six  drills  in  operation,  was  but  2  lbs.  to  the 
inch. 

IngenoTi  DriU,— -Tina  drill,  the  invention  of  an  American,  is  entirely  automatic  in 
its  movements,  that  is,  the  borer  is  turned  by  a  twist  bar  arrangement,  as  in  Jordan 
and  Darlington's  Borer,  patented  in  1866,  while  the  advance  of  tho  tool  and  movement 
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oiihe  Talre  are  effected  byiappet  ^ear,  struck  by  the  head  ot  the  pistoiL  In  connection 
with  this  drill,  the  following  particulars  hare  been  obtained : — ^Diameter  of  <nrlinder 
Z\  inches,  diameter  of  piston-rod  2  inches,  diiqensions  of  TaWe  portway  1  J''  x  |". 
Length  of  ^linder  in  the  elear  22  inches,  with  attachments  39  inches.  Pressure  of 
steam  required  to  drive  the  drill,  45  lbs.  per  square  inch.  Lengtl^  of  stroke  6  inches, 
speed  of  boring  bar  280  strokes  per  minute,  consumption  of  steam  or  air,  forward 
stroke  81,  badcward  64,  or  together  146  cubic  inches.  Flpessure  for  blow  873  lbs.,  for 
return  231  lbs.  Time  required  to  bore  1^  inch  hole  1  inch  deep  in  Cornish  granite^ 
30  seconds.  Strokes  required  to  bore  1  inch  deep»  140.  Cubic  fee^  of  steam  or  air, 
consumed  per  inch  of  hole  in  granite,  1 1  ^ths.  AdTanoe  of  machine  on  screw  without 
diange  of  borer,  18  inches. 

Length  of  stroke  necessary  to  advance  borer  5|th8  inches.  Number  o^  strokes  required 
to  make  one  revolution  of  tool  10.  For  illustration,  see  Spedflcataon  No.  2,008,  a.  d. 
1872. 

Power  JtM^r.— This  machine,  the  joint  invention  of  Bijdon,  Davidson  and 
Warrington,  consists  externally  of  a  long  cylinder  and  valve.  The  valve  and  taming 
gear  are  automatic ;  the  advance  of  the  tool  is  performed  by  hand.  The  pressure  of 
steam  required  to  work  the  drill  is  from  40  to  60  lbs.  per  saoare  inch,  the  number  of 
strokes  from  800  to  400  per  minute.  See  Spedfications  No.  8,607  and  3,921,  a.  o. 
1872. 

DarUnffion*»  Borer,  Fiff,  198.— The  inventor,  Mr,  Darlington,  obtains  redpro- 
catory  motion  in  rock-boring  machineiy  without  the  intervention  of  a  valve  or 
valvular  |B[ear.  In  one  modification  a  cyhnder  and  motive  piston  are  employed.  The 
cylinder  itself  has  an  ordinary  inlet  portway,  a  long  induction  passage,  and  an 
outlet  portway.  The  depth  and  length  of  the  motive  piston  is  proportioned  to  the 
position  of  the  several  portways,  so  that  the  induction  and  exhaust  portways  are 
alternately  uncovered  bv  the  body  of  the  piston  whidi  thus  distributes  the  air  or 
steam.  The  elastic  fluid  exerts  its  force  continually  against  the  smaller  surface  of 
the  piston  referred  to.  This  piston,  in  moving  in  one  direction,  first  covers  the  exhaust, 
then  uncovers  the  induction  portwavand  permits  the  nir  or  steam  to  exert  its  force  on 
the  opposite  side  of  the  piston,  which  has  a  superior  area  to  that  on  which  the 
pressure  is  constant.  In  the  return  movement  which  follows,  the  induction  portway 
is  first  covered,  and  immediately  afterwards  the  exhaust  is  uncovered,  releasing  the 
superior  area  of  thepiston  from  the  pressure,  and  allowing  the  constant  pressure  on 
the  small  area  to  effect  the  opposite  stroke. 

In  a  second  modification,  which  gives  a  like  action,  instead  of  keeping  the  fiuid 
pressure  continually  against  the  smaller  surface  of  the  motive  distributing  piston, 
the  pressure  is  alternately  admitted  to  and  exhausted  firom  both  sides  of  the  piston. 
To  efiect  this,  the  piston  is  made  of  sufiftdent  length  to  admit  of  a  groove  being 
turned  in  it  of  such  a  length  as  to  always  be  in  communication  with  the  pressure 
portway  formed  about  the  centre  of  the  length  of  the  cylinder.  Two  induction 
passages  and  two  exhaust  portways  are  also  formed  in  the  cylinder.  The  motive 
piston,  in  its  passage  across  these  said  portways,  admitting  the  pressure  to  one 
induction  portway,  communicating  with  one  end  of  the  cylinder,  at  the  same  time  as 
it  uncovers  one  exhaust  portway  and  releases  the  pressure  from  the  opposite  end  of 
the  cylinder. 

Bc^rond  these  two  modifications  of  one  and  the  same  invention,  two  other  modes  of 
distributing  the  steam  or  air  have  been  devised.  The  objects  gained  by  the  foregoing 
method  of  obtaining  redprocatory  motion  for  rock-boring  and  coal-cutting  machines 
are-^1)  There  is  only  one  woridiig  poit  used  in  obtaining  the  motion-  of  the> 
piston,  with  its  rod  attached,  both  being  in  one  solid  piece,  without  any  loose  or 
attached  part  to  bo^  destroyed  by  the  efiect  of  rapid  redpiocation  and  percussion.  {2\ 
Being  enabled  to  use  large  portways  and  passages,  which  are  opened  and  dosed 
quicUy,  without  having  any  reference  to  or  being  dependent  on  the  movement  of  a 
valve,  greater  rapidity  of  motion  and  effidency  of  blow  are  given.  (3)  Control  of 
speed,  wdj^ht  of  blow,  and  length  of  stroke  given  by  the  machine,  and  gpreat  limit  of 
variation  in  the  range  of  stroke,  total  freedom  from  stoppages  due  to  displacement  of 
valves,  as  by  this  arrangement  while  the  pressure  is  on  the  piston  can  never  be  in 
equilibrium,  but  must  start  at  anv  part  of  the  stroke.  (4)  E^nomy  in  working,  as 
there  is  no  clearance  s]pace  to  be  filled  with  pressure  and  exhausted  to  waste  at  every 
stroke,  the  pressure  being  worked  e:ii^nsively  to  an^  degree  required.  The  following 
are  iJie  dimensions  of  a  machine  designed  to  work  in  ordinanr  mine  levels.  Weight 
of  cylinder  and  jnston-rod  without  frame,  70  lbs ;  length  of  cyunder  over  all  14  inches, 
diiuneter  of  cylinder  3}  inches,  speed  1,000  blows  per  minute,  length  of  stzoke  fVom 
1^  to  3  indies,  cubic  inches  of  air  or  steam  per  stroke  34,  number  of  strides  per  cubic 
foot  of  steam  or  air  60,  weight  of  blow  exclusive  of  efiect  due  to  the  wci^t  and 
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momentum  of  the  tool  at  30  lbs.  pressure  per  square  inch  150  Ihs.  In  this  machine 
the  morements  are  automatic,  and  completely  tree  from  striking  gear.  For  drawingSi 
see  Specification  No.  I|7d4,  a.  d.  1873. 

In  machine-  or  hand-boring  it  is  of  great  importance  to  employ  suitable  steel, 
properly  sharpened. 

For  tough  slate  of  rariable  hardness  the  cast  steel  should  be  of  the  yenr  best  quality. 
For  hard  brittle  siliceous  rock,  steel  of  slightly  inferior  brand  will  a£S)ra  good 
working  results.  The  pointing  of  steel  is  a  matter  of  great  moment,  oyerfaeating, 
or  a  white  heat,  must  be  avoided.  The  borer  point  should  be  formed  with  a 
hammer,  well  beaten  ttom  red  to  a  black  heat ;  a  file,  or  grinding  instrument,  ought 
never  to  be  used.  The  temper  should  be  established  at  a  dull  red  heat,  the  point,  if 
dipped  in  oil  or  grease,  is  said  to  be  toughened,  as  well  as  hardened.  The  hardest 
temper  is  indicated  by  a  light  straw  colour,  the  softest  by  blue.    The  best  working 

198 


temper  is  considered  by  some  smiths  to  be  just  past  straw,  scarcely  rod  purple ;  the 
tool  at  this  colour  to  be  instantly  cooled  in  water. 

The  proper  cutting  angle  of  borers  is  a  subject  on  which  there  is  a  great  divorsity 
of  o^nmon,  which  probably  arises  from  the  circumstance  that  rocks  differ  even  in  one 
and  the  same  mine,  and  will  differ  more  widely  in  mines  far  distant  from  eadi  other, 
and  also  from  the  fact  that  smiths  do  not  readily  change  thoir  practice.  But  it  is 
self-evident  that  for  soft  argillaceous  stone  the  pomt  may  be  comparatively  thin  and 
flat,  and  tibat  for  flinty  tougn  rock  it  should  be  well  supported  by  lowness  of  angle. 
In  machineHhilling,  borer  ymnts  do  much  more  service  than  in  hand-boring.  In  the 
former  this  is  due  to  the  iiniform  conditions  of  the  blow.  In  the  latter  the  blow  is 
frequentlv  an  upset  one,  its  efiect  bein^  expended  mostly  on  one  side  of  the  point. 
In  hand-boring  the  chisel  is  almost  invanably  employed ;  but  witJi  boring  machines  the 
*  crown,'  and  Z  or  'set'  point  is  used ;  the  crown  for  starting  a  hole,  and  both  the 
crown  and  Z  for  boring  in  cavernous  ground.  The  Cornish  miner  is  in  &vour  of 
striking  the  borer  both  lightly  and  quickly.  A  single  handed  mallet  or  hammer 
weighs  4-5  lbs.,  a  double  handed  one  from  6-8  lbs.  Each  man  gives  about  20  blows 
per'  minute;  the  size  of  steel  employed  is  from  }  to  Ijth  inch  diameter,  and 
when  sharpened  will  present  points  fully  one  quarter  of  an  inch  wider :  that  is,  a 
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boring  bar  {-inch  diameter,  when  sharpened,  will  cut  a  hole  1  inch  to  1  {th  inch 
diameter. 

Fiffs,  199,  200,  201  show  chisel-point  borers ;  fy,  202  a  crown  borer;  and  fy,  203 
a  Z  borer. 

The  rate  of  hand-boring  most  necessarily  depend  on  the  workman,  quality  of  steel, 
and  hardness  of  rode,  also  on  other  minor  circnmstances.  In  a  shaft  9x5}  feet 
nine  men  sunk  15  feet  in  a  period  of  26  days  of  twenty-four  hours  per  day.  The 
average  number  of  holes  14  inch  diameter  bored  per  shift  of  eight  hours  was  3, 
ayerage  depth  of  each  hole  2  feet.  During  the  run  of  78  shifts  the  aggregate  depth 
of  the  Tarions  holes  was  468  feet ;  total  cost  of  remoring  the  ground,  771,  Tho 
aTerage  weight  of  rock  remored  ^mt  blast  was  3}  cwts.  In  another  shaft  the  rate  of 
boring  per  minute,  one  man  striking,  was  *17  inch,  two  men  striking  *25  inch.  The 
numl^  of  blows  required  for  a  hole  30  inches  deep  was  4,500,,  number  of  borers 
blunted  7 ;  depth  borod  per  borer  4}  inches.  In  madiine-boring  the  progress  varies 
ehiefljr  with  the  rapidity  of  the  blow  and  toughness  of  the  rock,  or  from  }  to  6  inches 
per  minute. 

The  boring  machines  employed  in  underground  work  are  best  driven  by  compressed 
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air.  The  air-pumps  should  be  well  constructed ;  and  the  pistons  or  rams  worked  in 
connection  with  water,  with  the  double  object  of  keeping  down  the  temperature  of  the 
air,  and  expelling  into  the  receiver  a  volume  equal  to  the  cubic  contents  of  the  air- 
pump  stroke.  Jordan's  compressor  is  a  cheap  and  well-contrived  apparatus.  Low  has 
also  devised  an  efficient  pump ;  while  Ford  of  Melbourne,  and  Angstrom  of  Sweden, 
have  produced  simple  and  efibctive  pumps  worked  in  combination  with  ordinary  pump 
rods. 

In  order  to  obtain  the  fiill  e£&ct  of  boring  machines,  the  stuff  must  be  removed 
rapidly  after  each  blast.  This  object  con  only  be  accomplished  by  employing  pneu- 
matic tackles  in  connection  with  underground  sinks,  and  having  good  forwarding  wavs. 
The  advanta^  of  using  machine-borers  in  mining  operations  are— {1^  Decided 
economy  of  time  and  money ;  (2)  Diminution  of  the  number  of  skilled  miners,  who 
can  be  advantageously  employea  in  other  parts  of  the  mine;  (8)  Excellent  venti- 
lation  of  shafts,  sinks,  and  levels;  (4)  Possibility  of  making  the  roof,  floor,  and 
sides  of  a  level  more  regular  than  can  be  effected  by  hand-boring;  (5)  Sate  of 
driving  levels  or  sinking  shafts  two  to  four  times  greater  than  is  practicable  by  hand- 
boring. 

BOmimni.    See  Tbtbastmitb,  ob  TEXximic  BxracrrH. 

BOSVITB.    Purple  copper  ore  or  Bunt  Kupferers.    See  Coffer. 

It  is  to  be  regretted  that  names  so  similar  as  Bomine  and  Bomiie,  both  compli- 
jnentary  to  Von  Bom,  should  have  been  bestowed  upon  widely  difibrent  minerals* 
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BOBOCAZiOZT9i« '  A  lx>tate  of  lime.    See  BoBAac  Acid. 
BO&OV.    One  of  the  non-metallic  elements ;  it  eziflts  in  nature  in  the  fonn  of 
boradc  add,  and  as  borax,  tincal,  boradte,  borocalcite,  &c 

Homberg  is  said  to  have  obtained  boron  from  borax  in  1702 ;  if  so,  hia  disooreiy 
appears  to  have  been  foigotten,  since  it  -was  unknown,  except  hypotheticall^  to  the 
more  modem  chemists  until,  in  1808,  it  was  obtained  by  Qay-Lussac  and  Th6nard» 
and  by  Dayy  in  1808,  who  decomposed  boradc  add  into  boron  and  oxygen. 

Boron  is  best  obtained  from  the  double  fluoride  of  boron  and  potassium  (BF'.KF), 
which  is  prepared  by  saturatinghydrofluoricadd with Ixnadc  add,  and  then  gradually 
adding  fluoride  of  potassium.  The  difficultly  soluble  double  compound  thus  produced 
is  collected  and  dried  at  a  temperature  nearly  approaching  to  redness.  This  compound 
is  then  powdered  and  introduced  into  an  iron  tube  closed  at  one  end,  together  with 
an  equal  weight  of  potassium,  whereupon  heat  is  applied  suffident  to  melt  the  latter, 
and  the  mixture  of  the  two  substances  is  effected  by  stirring  with  an  iron  wire.  Upon 
the  mass  being  exposed  to  a  red  heat,  the  potassium  abstracts  the  fluorine.  The 
fluoride  of  potassium  may  afterwards  be  remoTed  by  heating  the  mass  with  a  solution 
of  chloride  of  ammonium,  which  oonrerts  the  free  potassa  into  chloride  of  potassium, 
and  thus  prevents  the  oxidation  of  the  boron,  which  takes  place  in  the  presence  of 
potash ;  the  chloride,  of  ammonium  adhering  to  the  boron  may  be  afterwards 
remored  by  treatment  with  alcohoL  Boron  thus  prepared  is  a  dark  greenish-brown 
powder,  tasteless,  and  inodorous ;  its  atomic  weight  is  11*0. 

MM.  Wohler  and  Deyille  have,  by  fusing  Ixmudc  add,  or  amorphous  boron,  with 
aluminium,  succeeded  in  obtaining  boron  in  the  crystallised  state.  The  form  of  the 
boron  crystals  thus  obtained  has  been  the  subject  of  a  remarkable  enquiry  by  M. 
Quindno  Sella.  They  are  octahedra,  belonging  to  the  pyramidal  or  square  prismatic 
system.  They  refract  light  powerftdly,  have  a  spedflc  grayity  of  2*68,  and  seem  to 
be  almost  as  hard  as  diamond.  From  the  dose  resemblance  of  this  form  of  boron  to 
the  diamond,  it  is  ffenerally  known  as  Adamantme  or  Diamond  Boron. 

Accompanying  Uiis  octahedral   boron ,  as  it  crystallises   from  its    solution   in 
aluminium,  are  certain  copper-coloured  six-sided  scales,  strongly  resembling  graphite, 
and  hence  called  graphiUmal  boron.    It  has  been  lately  shown,  however,  that  this 
substance,  instead  of  bdng  an  allotropic  form  of  boron,  is  really  a  deflnite  compound 
of  boron  and  aluminium.    See  BoBAac  Acm. 
»0»0»AT»OCJMbCITB.    A  synonym  of  Ulcxiie.    See  BoBAac  Acid. 
BOSyUffATflTM*    A  name  given  to  Manganese  Alum.    See  Ai,um,  Native. 
BOTAXiXiACXITB.    An  oxychloride  of  copper  found  at  Botallack  Mine,  in  St. 
Just,  Cornwall. 
BOTTXA  MAinnPAOnntB.    See  Glass  and  Stone  Wabb. 
BOVOZBs    A  smooth,  flexible,  elastic,  slender  cylinder,  introduced  into  the 
urethra,  rectum,  or  cesopha^,  for  opening  or  dilating  it,  in  cases  of  stricture  and 
other  diseases.    The  invention  of  this  instrument  is  claimed  bv  Aldereto,  a  Portuguese 
physician ;  but  its  form  and  uses  were  first  described  by  his  pupil  Amatus,  in  the 
year  1664.    Some  are  solid  and  some  hollow,  some  corrosive  and  some  mollifjjrjng. 
They  owed  their  dastidty,  as  formerly  made,  to  linseed  oil,  inspissated  by  long  boiling, 
and  rendered  dry  by  litharge.    This  viscid  matter  was  spread  upon  a  very  flue 
cord  or  tubular  web  of  cotton,  flax,  or  silk,  whidi  was  rolled  upon  a  slab,  when  it 
-became  nearly  solid  by  drying,  and  was  flnally  polished. 

Pickel,  a  l^nch  professor  of  medicine,  publi^ed  the  following  redpe  for  the  com- 
position <£  bougies :— Take  3  parts  of  boiled  linseed  oil,  1  part  S  amber,  and  1  of  oil 
of  turpentine;  melt  and  mix  these  ingredients  well  together,  and  spread  the  com- 
pound at  3  successive  intervals  upon  a  silk  cord  or  web.  Place  the  pieces  so 
coated  in  a  stove  heated  to  150^  F. ;  leave  them  in  it  for  12  hours,  adding  15  or  16 
fresh  layers  in  succesdon,  till  the  instruments  have  acquired  the  proper  size.  Polish 
them  first  "With  pumice-stone,  and  finally  smooth  with  tnpoU  and  oil.  This  process 
is  the  one  still  employed  in  Paris,  with  some  slight  modifications ;  the  chief  of  which 
J8  dissolving  in  the  oil  one-twentieth  of  its  weight  of  caoutchouc,  to  render  the  sub- 
stance more  solid.  For  this  purpose  the  caoutchouc  must  be  cut  into  slender  shreds, 
and  added  gradually  to  the  hot  oil.  The  dlk  tissue  must  be  fine  and  open,  to  admit 
of  the  compodtion  entering  f^ly  among  its  filaments.  Every  successive  laver 
ought  to  be  dried  in  a  stove,  and  then  in  the  open  air,  before  another  is  applied.  This 
process  takes  2  months  for  its  completion,  in  forming  Uie  best  bougies  called  by  dis- 
tinction elastic  bougies ;  which  ought  to  bear  twisting  round  the  finger  without  crack- 
ing or  scaling,  and  extension  without  giving  way,  but  retracting  when  let  go.  When 
the  bougies  are  to  be  hollow,  a  mandrel  of  iron  wire,  properly  bent,-  with  a  ring  atone 
end,  is  introduced  into  the  axis  of  the  dlk  tissue.  Some  bougies  are  made  with  a 
hoUowiixis  of  tinfoil  rolled  into  a  slender  tube.  Bougies  are  now  usually  made  entirely 
of  caoutchottC}  by  the  intervention  of  a  solution  of  this  substance  in  sulphuric  ether,  ^ 
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menstruum  suffipientlj  cheap  in  France,  on  account  of  the  low  duty  upon  alcohol.  Or  of 
naphtha.  Thero  are  medicated  bougies,  the  composition  of  which  belongs  to  Surgical 
Pharmacy,  The  manufacture  of  these  instruments  of  rarious  kinds. forms  a  separate 
and  no  inconsiderable  branch  of  industiy  at  Paris.  Very  superior  bougies  are  now 
made  by  the-snrgical-inftmment  makers,  and  by  the  workers  in  caoutchouc,  in  this 
country. 

BOV&BSK  C&AT.  The  fine  laminated  days  of  the  Pleistocene  epoch,  which 
immecUately  overlie  the  true  Boulder  clay  of  geologists — so  called  from  the  boulders 
and  pebbles  interspersed  through  their  mass. 

BOV&BBBZVO  STOVB.  A  name  giren  by  the  Sheffield  cutlers  to  the  smooth 
flint  pebblea  with  which  they  smooth  down  the  &ces  of  buff  and  wooden  wheels. 

BinnuronTB.  A  sulphide  of  antimony,  lead,  and  copper.  According  to 
Bammelsberg,  suli^nr  19*77f  antimony  24*34,  lead  42*88,  copper  13*06.  It  is  found 
in  several  parte  oi  Cornwall  and  Devonshire,  and  in  many  of  the  mining  districts  of 
Europe. 

80VBT  OOA&.  A  lignite  found  in  large  deposits  at  Bovey-Tracey,  in  Devon- 
shire, whence  its  name.  .See  LioznTB. 

BO'Vr  9WMm  A  drawing  pen.  The  parts  which  hold  the  ink  is  formed  of  two 
pieces,  which  are  bowed  out  and  adjustable  by  a  screw. 

BU  WSTJUWO  KBMV.  A  fibre  prepared  from  the  Satismera  Zeylanica,  See 
Hbxp. 

BOX  W^N>B.  {BuMf  Er. ;  Buohabaum,  Qer.)  Buxus  aem^Hrene. — ^Two 
varieties  of  box  wood  are  imported  into  this  country.  The  European  is  brought  Arom 
Leghorn,  Portugal)  &c.,  and  the  Turkey  box  wood  from  Constantinople,  Smyrna, 
and  the  Black  Sea.  English  box  wood  grows  plentifidly  at  Box  Hill,  in  Surrey,  and 
in  Gloucestershire.  The  English  box  wood  is  used  for  common  tumonr,  and  is 
preferred  by  brass  finishers  for  their  lathe-chucks,  as  it  is  tougher  than  tne  foreign 
box,  and-  bears  rougher  usage.  It  is  of  very  slow  growth,  as  in  Uie  space  of  25  years  it 
will  only  attain  a  diameter  of  1^  to  2  inches.  Box  wood  is  used  for  making  clarionets 
and  fiutos,  carpenters'  rules,  ana  drawing  scales,  and  is  exclusively  employed  by  the 
wood  engraver.  Its  sawdust  is  used  for  cleaning  jewellery.  See  Enobavino  on 
Wood. 

BBAOB8.  {Bretelles,  Er. ;  Hotentrdger,  Ger.)  Narrow  fillets  or  bands  of  leather 
or  textile  fabrics,  which  pass  over  the  shoulders,  and  are  attached  behind  and  before 
to  the  waistbands  of  trousers,  for  supporting  their  weight.  Braces  are  now  made  of 
an  elastic  material,  into  the  strueture  of  which  Indian-rubber  fibre  enters. 

BBABMIV8BBABS.  The  seeds  of  a  species  of  SXaoearpus,iridi6tL  axe  capped 
with  silver  and  made  into  necklaces  and  bracelets. 

BBAZB.    A  plaited,  twisted  or  woven  trimming. 

BBJLlBZWa  IKAiOBZVB.  (Machine  a  laeete,  Er. ;  BartenwrkersiuU,  Ger.) 
This  being  emploved,  not  only  to  manufiietnre  stay-laces,  braid,  and  upholsterers'  cord, 
but  to  cover  the  threads  of  caoutchouc  for  weaving  brace-bands,  deserves  a  description 
in  this  work.  Three  threads  at  least  are  required  to  mako  such  a  knitted  lace,  but  11, 
13,  or  17i  and  even  29  threads  are  often  employed,  the  first  throe  numbws  being 
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preferred.  They  are  made  by  means  of  a  frame  of  a  very  ingenious  construction« 
which  moves  by  a  continuous  rotation.  We  shall  describe  a  frame  with  13  threads, 
from  which  the  structure  of  the  others  may  be  readily  conceived. .  The  bA^s.  of  the 
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machine  oonsbts  of  four  strong  wooden  upights,  k^fiff*.  204,  206,  .206,  ooenpying  the 
four  angles  of  a  rectangle,  of  which  one  side  is  14  inches  long,  the  other  side  18  inches, 
and  the  height  of  the  rectangle  about  40  inches.  Fig.  204  is  a  section  in  a  horizontal 
plane,  passing  through  the  line  a  b  of  Jig.  205,  which  is  a  vertical  section  in  a  plane 
passing  through  the  oentre  of  the  machine  c,  according  to  the  line  e  d,fig.  204.  The 
side  X  is  supposed  to  be  the  front  of  the  frame ;  and  the  opposite  side,  t,  the  back. 
B,  six  spindles  or  skewers,  numbered  from  1  to  0,  placed  in  a  Twtieal  position  upon 
the  dicumference  of  a  circle  whose  oentre  ooincideB  with  that  of  the  machina  at  the 
point  c.  These  six  spindles  are  camposed — 1,  Of  so  manj  iron 
206  shafts  or  axes  i>,  supported  in  brass  ooUsts  b  {fia,  206),  and  ex- 

tended downwards  within  6  inches  of  the  ground,  where  thej  rest  in 
brass  steps  fixed  upon  a  horizontal  beam.  2,  Wooden  heads,  made  of 
horn-beam  or  nut-tree,  placed,  the  first  upon  the  upper  end  of  eadi 
spindle,  opposite  the  cut-out  beam  f,  and  the  second  opposite  the 
second  beam  o.  8,  Wooden-toothed  wheels,  h,  reciprocslfy  working 
together,  placed  between  the  beam  o  and  the  coUet-beam  b.  The 
toothed  wneels  and  the  lower  heads  fox  each  spindle  axe  in  one 
piece. 

The  heads  and  shafts  of  the  spindles  No.  1  and  6  are  one-fifth 
stronger  than  those  of  the  other  spindles ;  their  heads  haye  five 
somi-drcular  grooves,  and  wheels  of  60  teeth,  while  the  heads  of  the 
others  have  onlj  four  grooves,  and  wheels  of  48  teeth ;  so  that  the 
number  of  the  grooves  in  the  six  spindles  is  26,  one-half  of  which  are 
■occupied  with  Uie  stems  of  the  puppets  i,  which  cany  the  13  threads 
fsora  No.  1  to  18. 

The  toothed  wheels,  which  give  all  the  spindles  a  simultaneous 
movement,  but  in  difibrent  directions,  are  so  disposed  as  to  bring 
their  grooves  opposite  to  each  other  in  the  course  of  rotation. 

x,  the  middle  win^et,  triple  at  bottom  and  quintuple  at  top, 
which  serves  to  guicb  the  puppets  in  the  direction  they  ought  to 
pursue. 

T,  three  win^lets,  single  at  top  and  bottom,  placed  exteriorly, 
which  serve  a  like  purpose. 

ic,  two  winglets,  triple  at  bottom  and  single  at  top,  placed  like- 
wise exteriorljr,  and  which  serve  the  same  purposes  as  the  preceding ; 
M,  are  iron  pins  inserted  in  the  cut-out  beam  a,  idiich  serve  as  stops 
or  limits  to  the  oscillations  of  the  exterior  win^ets. 

Now,  if  by  any  moving  power  (a  man  can  drive  a  pair)  rotation  be 
impressed  upon  the  luge  spindle  No.  1,  in  the  direction  of  the 
arrow,  all  the  other  spindles  will  necessarily  pursue  the  rotatory 
movement  indicated  by  the  respective  arrows.    In  this  case  the  18 
puppets  working  in  the  grooves  of  the  heads  of  the  spndles  will  be 
carried  round  simnltaneousl^,  and  will  proceed*  each  in  its  turn,  from  one  extremity 
of  the  machine  to  the  opposite  point,  crosmng  those  which  have  a  retrograde  move- 
ment.   The  18  threads  umted  at  the  jxnnt  n,  situated  above  the  centre  of  the  machine, 
will  form  at  that  point  the  braid,  which  after  having  passed  over  the  pulley  o,  comes 
between  the  two  rollers  p  o,  and  is  squeezed  together,  as  in  a  fiatting-mill,  where  the 
braid  is  calendered  at  the  same  time  that  it  is  delivered.    It  is  obvious  that  the 
roller  p  receives  its  motion  from  the  toothed  wheel  of  the  spindle  No.  3,  and  from  the 
intermediate  wheels,  b,  s,  t,  as  well  as  from  the  endless  screw  g^  which  drives  at 
proper  speed  the  wheel  w,  fixed  upon  the  shaft  of  the  roller  p. 

The  braid  is  denser  in  proportion  as  the  point  v  is  less  elevated  above  the  tops  of 
the  puppets,  but  in  this  case,  the  excentnc  motion  of  these  puppets  is  much  more 
sensiole  in  reference  to  that  point  towards  which  all  the  threads  converse  than  when 
it  is  elevated.  The  threads,  which  must  be  always  kept  equally  stretdied  by  means 
of  a  weight,  as  we  shall  presenUy  see,  are  considerably  strained  by  the  traction 
occasioned  by  the  constanUy  excentnc  movement  of  the  puppets.  From  this 
cause,  braiding  machines  must  be  worked  at  a  moderate  velocity.  In  general,  for 
fine  work,  80  turns  of  the  large  spindle  per  minute  are  the  utmost  that  can  safely  be 
made. 

The  puppet  or  spndle  of  this  machine,  beingr  the  most  important  piece,  1  have 
represented  it  in  section,  upon  a  scale  one-fouru  of  its  actual  size, /(7.  206.  It  is 
formed  of  a  tube,  a,  of  strong  sheet  iron  well  brazed ;  6  is  a  disc,  likewise  of  sheet 
iron,  from  which  a  narrow  &et  c,  rises  vertically  as  high  as  the  tube,  where  both 
are  pierced  with  holes,  d  e,  through  which  the  thread/is  passed,  as  it  comes  from  the 
bobbin,  y,  which  turns  freely  uptm  the  tube  a.  The  top  of  this  bobbin  is  conical  and 
toothsd.    ▲  small  catch  or  detent  A,  moveable  in  a  vertical  direction  round  i,  frJls  by 
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its  own  wdght  into  the  teeth  of  the  crown  of  the  bobbin,  in  which  case  this  cannot 
tctoIto  ;  but  when  the  detent  is  raised  so  iiEir  as  to  disengage  the  teeth,  and  at  the 
same  time  to  pull  the  thxead,  the  bobbin  turns,  and  lets  out  thread  till  the  detent  fiUls 
back  into  these  same  teeth. 

A  skewer  of  iron  wire,  Ar,  is  loaded  with  a  small  wmght,  /,  melted  upon  it  The  top 
of  this  skewer  has  an  eye  in  it,  and  the  bottom  is  recur?ed,  as  is  shown  in^.  206,  so 
that  supposing  the  thread  comes  to  break,  this  skewer  falls  into  the  actual  position  in 
the  figure,  where  we  see  its  lower  end  extending  beyond  the  tube  a,  by  about  ^  of  an 
inch ;  but  as  lone  as  the  thread  is  unbroken,  the  skewer  k,  which  serves  to  keep  it 
always  tense  during  the  exoentzic  moTement  of  the  puppet^  does  not  pass  out  below 
the  tube. 

This  dispositi<m  has  naturally  furnished  the  means  of  causing  the  machine  to  stop 
whenever  one  of  the  threads  breaks.  This  inferior  protrusion  o£  the  skewer  pushes  in 
its  pvogross  a  detent*  which  instantly  causes  the  band  to  slide  from  the  driving  puUey 
to  the  loose  pulley.  Thus  the  madune  cannot  operate  unless  all  the  threads  be  entire. 
It  is  the  business  of  the  operative,  who  has  8  or  4  under  her  charge,  to  mend  the 
threads  as  they  break,  and  to  substitute  full  bobbins  for  empty  ones,  whenever  the 
machine  is  stopped. 

waukM  (Son,  Er. ;  JQMs,  Qeat,)  The  husky  portion  of  ground  wheat,  separated 
by  the  boulter  from  the  flour.  It  is  advantage<rasly  employed  bv  the  calico  printers, 
in  the  dealing  process,  in  which,  by  boiling  in  bran-water,  the  c(donring  matters 
adhering  to  the  non-mordanted  palts  of  maddered  goods,  as  well  as  the  dun  matters 
which  doud  Ihe  mordanted  poitkms,  are  removed.  A  valuable  series  of  researches 
by  M.  Daniel  Koechlin-Schouch,  justified  the  following  condusions : — 

1.  The  dose  of  two  bushels  of  bran  for  10  pieces  of  caUoo  is  the  best,  the  ebullition 
being  kept  up  for  an  hour.  A  bdl  for  the  same  time  in  pure  water  had  no  e£Ebct  in 
dearing  either  the  grounds  or  the  figures. 

2.  fmeen  minutes  boiling  are  sufficient  when  the  principal  object  is  to  dear  white 
grounds,  but  in  certain  cases  80  minutes  are  requisite  to  brighten  the  dyed  parts.  If, 
by  increasing  the  charge  of  bran,  the  time  of  the  ebullition  could  be  shortened,  it 
would  be,  in  some  places,  as  Alsace,  an  economy ;  because  in  the  passage  of  the  10 
pieces  throu£^  a  copper  or  vat  heated  with  steam,  1  cwt  jof  coal  is  consumed  in  ftid, 
which  costs  from  2|  to  8  francs,  while  2  bushels  of  bran  are  to  be  boujght  for  1  franc 

8.  By  increasing  the  quantity  of  water  from  12  to  24  hectolitres  with  2  bushels  of 
^  bran,  the  dearing  effect  upon  the  10  pieces  was  impaired.  It  is  therefore  advan- 
'  tageous  not  to  use  too  much  water. 

4.  Many  experiments  concur  to  prove  that  flour  is  altogether  useless  for  the  dearing 
boil,  and  that  flner  bran  is  inflarior  for  this  purpose  to  the  coarser. 

5.  The  white  ground  of  the  calicoes  bdled  with  wheat  bran  is  distinguishable  by 
its  superior  brightness  from  that  of  those  boiled  with  rye  bran,  and  especially  with 
barley  bran;  the  latter  having  hardly  ai^  eflbet. 

6.  There  is  no  advantage  in  adding  soap  to  the  bran  boil ;  thoo^  a  little  potash  or 
soda  may  be  properly  introduced  wh^  the  water  is  calcareous. 

7.  The  pelade  of  the  bran  is  the  most  poweiM  part;  the  flour  and  the  stardi  are  of 
no  use  in  dearing  goods,  but  the  mucilage,  which  forms  one-third  of  the  weight  of  the 
bran,  has  oonsidarable  efficacy,  and  seems  to  act  in  the  following  way : — In  proportion 
as  the  mueilsAiDons  substance  dissdves  the  odonring  and  tawny  matters  upon  the 
doth,  the  husr^  sux&ce  attracts  and  flxes  upon  itself  the  greater  part  of  them.  Ac- 
cordingly, when  used  bran  is  digested  in  a  weak  alkaline  bath,  it  gives  up  the  colour 
whidi  it  had  absorbed  from  the  doth. 

"From  bran,  Pdigot  obtained  8*0  per  cent  of  cellulose.  MiUon  succeeded  in  ex- 
tracting considerable  quantities  of  glutinous  substances  from  the  bran  with  acetic  add 
and  alcohol.  He  found  in  100  parts,  stardi,  dextrine,  and  sugar,  60*0 ;  sugar,  1*0 ; 
gluten,  14*9 ;  &t,  8*6 ;  odluloBe,  0*7 ;  salts,  6*7 ;  water,  18*9 ;  and  of  odorous  and 
resinous  matters,  1*2  per  cent 

BSAVOB  CK> AXto  A  term  applied  in  Yorkshire  to  cannel  and  other  kinds  of 
coal,  which  occurs  in  l^[ers  traversing  the  ordinary  coal  of  the  district  The 
branching  coal  of  South  Wales  derives  its  name  from  the  peculiar  swelling  which 
takes  place  in  the  operation  of  cddng,  after  which  it  becomes  very  light 

antAVlMk    Imperfectly  carbonised  pieces  of  wood  taken  from  a  charcoal  heap. 

BSAWBT.  (E&u  de  vm,  Fr.;  Branntwein,  Ger.)  The  name  g^ven  in  this 
country  to  ardent  spirits  distilled  from  wine,  and  possesdn^  a  pecuUar  taste  and 
flavour,  due  to  a  minute  portion  of  a  vdatile  dL  Each  vanety  of  alcohol  has  an 
aroma  characteristic  of  the  fermented  substance  from  which  it  is  procured;  whe- 
ther it  be  the  grape,  cherries,  sugar-cane,  rice,  com,  or  potatoes;  and  it  may  be 
distinguished  even  as  procured  from  different  growths  of  the  vine.    The  brandies  of 
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Langaedoc,  Bordeaux,  Annagnac,  Co^ac,  Annis,  Saintonge,  Bochelle,  Orleansi 
Barcelona,  Naples,  &c.,  being  each  readily  recognisable  by  an  experienced  dealer. 

Anbergier  snowed  by  experiments,  that  the  disagreeable  taste  of  the  spirits  distilled 
from  the  mare  of  the  grape  is  owing  to  an  essential  oil  contained  in  the  skin  of  the 
grape ;  and  found  that  the  oil,  when  insulated,  is  so  energetic  that  a  few  drops  are 
sufficient  to  taint  a  pipe  of  600  litres  of  fine-flavoured  spirit    See  Fussl  Oil. 

The  most  celebrated  of  the  Erendi  brandies,  those  of  Cognac  and  Armagnac,  are 
slightly  rectified  to  only  from  0*935  to  1*922 :  they  contain  more  than  half  their 
weight  of  water,  and  come  over  therefore  highly  chained  with  the  fingrant  essential 
oil  of  the  husk  of  the  grape.  When,  to  save  expense  of  carriage,  the  spirit  is  rectified 
to  a  much  higher  degree,  the  dealer,  on  receiving  it  at  Paris,  reduces  it  to  the  market 
proof  by  the  addition  of  a  little  highly  flavoi^ed  weak  brandy-and-water ;  but  he 
cannot  m  this  way  produce  s6  finely-flavoured  a  spirit  as  the  weaker  product  of 
distillation  of  the  Cognac  wine.  If  the  best  Cognac  brandy  be  cai^^fhlly  distilled  at 
a  low  heat^  and  after  distillation  the  stronff  spirit  be  diluted  with  water  to  restore 
it  to  its  original  strength,  it  will  be  founa  that  the  brandy  has  sufiered  much  in 
its  flavour. 

Genuine  French  brandy  evinces  an  add  reaction  with  litmus-paper,  owing  to  a 
minute  portion  of  vinegar ;  it  contains,  besides,  some  acetic  ether,  and,  when  long  kept 
in  oak  casks,  a  little  astringent  matter. 

The  constituents  of  brandy  are  akohol,  water,  volaiik  ot/,  aoetio  aeid,  aoeiic  ethers 
oohurino  matter,  and  tannin, — Perrira, 

Pale  brandy  aoquires  the  slight  colour  which  it  possesses  from  the  cask  in  which  it 
is  kept  Brawn  orandy  is  coloured  by  caramd.  Brandy  is  sold  of  various  strengths, 
but  it  is  usually  about  10  per  cent,  tinder  proof.  The  quantities  of  brandy  imported, 
and  its  oompated  value,  have  been  as  follow:— 

1867  1868  1869  1870  1871 

Proof  Oalls.        Proof  Galls.       Proof  Oftlls.       Proof  GaUs.       Proof  Galls. 

Quantity  »    •    •    4,849,882        4,062,886        8,937,266        7,942,965        5,228,568 

<  £  £  £  £ 

Value.    .    .    .    1,376,360        1,809,418        1,249,579        2,158,699        1,895,378 

For  the  last  three  years  the  returns  are  given,  showing  the  quantity  retained  for 
home  consumption  :— 

1870  1871  1872 

Proof  Galls.  Proof  Galls.  Proof  Galls. 

Imports    .        •        •        .    9,942,965  5,372,486  3,519,413 

Home  consumption  .        .    3,526,132  8,715,675  3,944,725 

The  duty  on  brandy  was  reduced  in  1860  to  8s.  6d.  per  gallon. 
-.  MMAMVTf  JUUTIBS.  Br,  Ure  gave  the  following  formula  for  its  prepara- 
tion : — ^DUute  pure  alcohol  to  tha  proof  pitch ;  add  to  every  hundred  pounds  weignt  of 
it  ftom  half  a  pound  to  a  pound  or  ami,  dissolved  in  water,  a  little  acetic  ether,  and 
French  wine  vinegar,  some  bruised  French  plums,  and  flavour  stuff  firom  Cognac ; 
then  distil  Uie  spirit  with  a  gentle  flre  in  an  alembic  famished  with  an  agitator. 
British  brandies  are  now  sold  as  pore  grain  apirits,  flavoured  and  coloured  with 
caiameL    See  Aioohol. 

BXASB.  (Laitanr  otdvrejamne,  Fr. ;  Meteing,  Qer.)  An  alloy  of  copper  and  zinc  > 
The  brass  of  the  ancients  appears,  in  very  early  times,  to  have  chiefly  consisted  of  a 
mixture  of  copper  and  tin,  and  to  have  consequently,  been  a  species  or  bronie  or  bell 
metaL    See  Aiix>t8. 

Brass  was  formerly  manufactured  by  cementing  granulated  copper,  called  lean- 
shot,  or  copper  clippings,  with  cakaned  calamine  (native  carbonate  cSt  sine)  and  char- 
coal in  a  crucible,  and  exposing  them  to  bright  ignition.  Three  parts  of  copper  wore 
used  for  8  of  caltunine  and  2  of  charooaL 

James  f^nerson  obtained  a  patent,  in  1781,  for  making  brass  by  the  direct  fusion 
of  its  two  metallic  elements,  and  it  is  now  usually  manufieu^tured  in  this  way. 

It  appears  that  the  best  proportion  of  the  constituents  to  form  fine  brass  is  2 
eouivalents  of  copper —631  +  1  of  zinc** 32*3 ;  or  very  nearly  2  parts  of  copper  to  1 
of  sine 

In  the  process  of  alloying  two  metals  of  such  di£foront  fusibilities  as  copper  and 
line,  a  considerable  waste  of  the  latter  metal  by  combustion  might  be  expe^ed ;  but 
in  reality,  their  mutual  affinities  seem  to  provent  the  loss,  in  a  great  measure,  by  the 
speedy  absorption  of  the  zinc  into  the  substance  of  the  copper.  Indeed,  copper  platea 
and  rods  aro  often  brassed  externally  by  exposure,  at  a  high  temperature,  to  the 
fumes  of  zinc,  and  afterwards  laminated  or  drawn.     The  spurious  gold  wiro  of 
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I^ons  ifl  made  from  such  rods.  Copjper  TeBsels  may  be  snpeifidaUy  oonyerted  into 
brass  by  boiliiig  them  in  dilute  mnziatic  add  oontaining  some  tartar  and  rino 
amalgam. 

The  first  step  in  making  brass  is  to  plnnse  slips  of  copper  into  melted  zinc  till  an 
alloy  of  somewnat  difOicnlt  ftision  be  formed,  to  raise  the  heat,  and  add  the  remaining 
poportion  of  the  copper. 

The  brass  of  the  first  ftision  is  broken  to  peces,  and  melted  with  a  fresh  quantity 
of  zino,  to  obtain  the  finished  brass.  Each  melting  takes  from  8  to  9  hours.  The 
metal  is  now  cast  into  plates,  about  40  inches  long  by  26  broad,  and  from  one-third 
to  half  an  inch  thick.  The  moulds  were  formerly  slabs  of  granite  mounted  in  an 
iron  frame.  G«uiite  ap^peaxB  to  haye  been  preferred  as  a  mould,  because  it  preserves 
the  heat,  whilst,  by  the  asperities  of  its  sudBace,  it  keeps  hold  of  the  day  lute  applied 
to  secure  the  joinings. 

The  modemmethod  of  making  brass,  by  the  direct  mixture  of  the  component  metals, 
is  largely  practised  at  Birming^iam  in  small  square  furnaces,  built  of  fire-brick,  and 
measuring  from  10  to  12  inches  in  the  side,  and  about  2  feet  in  depth.  Grudbles  of 
Stoarbri<%e  fire-clay,  or,  rarely,  of  plumbago,  are  placed  on  the  iron  bars  at  the 
bottom  of  the  furnace,  and  Backed  round  with  coke.  The  ingot  copper  is  first  intro- 
duced into  the  crudble,  and  when  this  is  melted  the  proper  proportion  of  zinc  is 
cautiously  added,  the  mixture  bdng  stirred  with  an  iron  poker  to  ensure  union 
of  the  metals.  As  soon  as  the  mixture  is  thoroughly  effected,  the  crudble  is 
withdrawn,  and  the  molten  brass  is  cast,  either  into  moulds  of  sand,  or  into  iron 
ingot  moulds,  slightly  oiled  inside,  and  dusted  oyer  with  charcoal  powder.  In  the 
manufacture  of  the  yariety  of  brass  called  *  Muntz's  metal,'  an  alloy  extensiyely  made 
for  sheathing  the  bottoms  of  ships,  the  mixture  of  metals  is  generally  effected  in  a 
reyerberatory  furnace,  instead  of  in  crucibles.    See  Muktz's  "MmAL, 

The  cast  plates  of  brass  are  usually  rolled  into  sheets.  For  this  purpose  they  are 
cut  into  ribiuids  of  yarious  l^eadths,  commonly  about  6|  inches.  Hie  cylinders  of  the 
brass  rolling  mill  are  generally  46  inches  long  and  18  inches  in  diameter.  The  ribands 
are  first  of  ^passed  through  the  cylinders  cold ;  but  the  brass  soon  becomes  too  hard 
to  laminate.  •  It  is  then  annealed  in  a  furnace,  and,  afbDr  cooling,  is  passed  afresh 
through  the  rolls.  Alter  paring  off  the  chipped  edges,  the  sheets  are  laminated,  two 
at  a  time;  and  if  they  are  to  be  made  yerythin,  eyen  8  plates  are  to  be  passed 
through  together.  The  brass  in  these  operations  must  be  annealed  7  or  8  times  Wore 
the  sheet  arriyes  at  the  required  thickness.  These  sucoeesiye  heatings  are  expensiye ; 
and  hence  manufacturers  haye  been  led  to  try  yarious  plans  of  economy.  The  an- 
nealing fbmacos  are  of  two  formSj  according  to  the  size  of  the  sheets  of  brass.  The 
smaller  are  about  12  feet  long,  with  a  fire-place  at  each  end,  and  about  18  inches  wide. 
The  arch  of  the  furnace  has  a  cylindrical  shape,  whose  axis  is  parallel  to  its  small 
side.  The  hearth  is  horizontal,  and  is  made  of  bricks  set  on  e^e.  Jn  the  front  of 
the  furnace  there  is  a  large  door,  which  is  raised  by  a  leyer,  or  chain  and  counter- 
weight, and  slides  in  a  finme  between  two  cheeks  of  cast-iron.  This  f^imace  has,  in 
general,  no  chimney,  except  a  yent  slightly  raised  aboye  the  door,  to  preyent  the 
workmen  bdng  incommoded  by  the  smcjce.  Sometimes  the  arch  is  perforated  with  a 
number  of  holes.  The  sheets  of  brass  are  placed  aboye  each  other,  but  separated  by 
parings,  to  allow  the  hot  air  to  circulate  among  them,  the  lowest  sheet  resting  upon 
bars  of  cast-iron  placed  lengthwise. 

The  huger  ftarniacee  are  usually  82  feet  long,  by  6|  feet  wide,  in  the  body,  and  3 
feet  at  the  hearth.  A  grate  18  inches  broad  extends  along  each  dde  of  the  hearth, 
through  its  wiiole  lengtn,  and  is  diyided  from  it  b;^  a  small  wall,  2  or  3  inches  high. 
The  yault  of  the  furnace  has  a  curvature,  and  is  pierced  with  6  or  8  openings,  which 
allow  the  smoke  to  pass  off  into  a  low  bell-chimney  aboye.  At  each  end  of  the  ftir- 
nace  is  a  cast-iron  door,  which  slides  up  and  down  in  an  iron  frame,  and  is  poised  by 
a  counterweight.  On  the  hearth  is  a  kind  of  railway,  composed  of  two  iron  bars,  on 
which  the  carriage  moyee  with  its  load  of  sheets  of  brass. 

These  sheets,  bdng  often  24  feet  long,  could  not  be  easily  moyed  in  and  out  of  the 
fomace ;  but  as  brass  laminates  well  in  the  cold  state,  they  are  all  introduced  and 
moyed  out  together.  With  this  yiew  an  iron  carriage  is  framed  with  bars,  which  rest 
on  four  wheds.  Upon  this  carriage,  of  a  length  nearly  equal  to  that  of  the  furnace, 
are  laid  the  sheets,  with  brass  parings  between  them.  The  carriage  is  then  raised  by 
a  crane  to  a  leyel  with  the  furnace,  and  entered  upon  the  grooyed  bars  which  lie  u^n 
the  hearth.  That  no  heat  may  be  lost,  two  carriages  are  provided,  the  one  being 
ready  to  put  in  as  the  other  is  taken  out ;  the  furnace  is  meanwhile  uniformly  kept 
hot.  This  method,  however  convenient  for  moving  the  sheets  in  and  out,  wastes  a 
good  deal  of  fud  in  heating  the  iron  carriage. 

The  prindpal  places  in  which  brass  is  manufactured  on  a  large  scale,  in  En^nd^ 
are  Bristol  and  Birmingham,  and  at  Holywell,  in  North  Wales, 
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At  the  brass  manufactory  of  Hegermiihl,  upon  the  Finon  Canal,  near  Potsdam,  the 
folloving  are  the  materials  of  one  charge  :-^l  pounds  of  old  brass,  65  pounds  refined 
copper  (Garkupfer)  granulated,  and  24  pounds  of  zinc  This  mixture,  weighing  120 
pounds,  is  dislzibut^  in  four  crucibles,  and  fiised  in  a  wind  furnace  with  pitcoal  fuel. 
The  waste,  upon  the  whole,  varies  firom  2^  to  4  pounds. 

Fiff.  209  represents  the  furnace  as  it  was  formerly  worked  with  charcoal;  a,  the 
laboratory,  in  which  the  crucibles  were  placed.    It  was  walled  with  fire-bricks.    The 

foundations  and  the  fiUing-in  walls 
were  formed  of  stone  n^bish,  as 
being  bad  conductors  of  heat ;  sand 
and  ashes  maybe  also  used ;  b,  cast- 
iron  circular  grating  plates,  pierced 
with  12  holes  (see  ^.  208),  over 
them  a  sole  of  loam,  e,  is  beaten 
down,  and  perforated  with  holes 
corresponding  to  those  in  the  iron 
discs ;  d,  the  ash-pit ;  e,  the  bock, 
a  drau^t  flue  which  conducts  the 
air  requisite  to  the  combustion, 
&om  a  sunk  tunnel  in  communica- 
tion with  several  melting  furnaces. 
The  terrace  or  crown  of  the  furnace, 
/,  lies  on  a  level  with  the  foundry 
floor,  A  h,  and  is  shut  with  a  tile 
of  flre-day,  tg,  which  may  be  moved 
in  any  direction  by  means  of  hooks 
and  eyes  in  its  binding  iron  ring. 
Fkf.  209  the  tongs  for  putting  in  and 
taking  out  the  charges,  as  viewed 
from  above  and  firom  the  side. 
The  following  description  of  a  Continental  brass  manufEustorjrt  by  Dr.  Ure,  it  has 
been  thought  advisable  to  retain,  with  only  a  few  verbal  alterations. 

Fiffs,  210,  211,  represent  the  furnaces  more  recently  constructed  for  the  use  of 
pitcoal  fuel;  fig*  210  being  an  upright  section,  and  fig,  211  the  ground  plan.  In 
this  mrnace  the  crucibles  are  not  surrounded  with  the 
fuel,  but  receive  the  requisite  melting  heat  from  the 
flame  proceeding  from  the  grate  upon  which  it  is  burnt. 
The  crucibles  stand  upon  seven  arches  a,  which  unite  in 
the  middle  at  the  keystone,  b,  fig,  21 1 ;  between  the 
arches  are  spaces,  through  wh^ch  tiie  flame  rises  ttom  the 
grate,  o;  <2,  is  the  fire  door ;  s,  a  sliding  tile  or  dam^ 
for  regulating  or  shutting  off  the  air-dnught ;  /  an  in- 
clined plane,  for  carrying  off  the  cinders  that  fall  through 
the  grate,  along  the  draught  tunnel  g,  so  that  the  air  in 
entering  below  may  not  be  heated  by  them. 

The  crucibles  are  16  inches  deep»  9|  wide  at  the  mouth, 
6|  at  the  bottom ;  with  a  thickness  in  the  sides  of  1  inch 
above  and  1^  below;  they  stand  from  40  to  60  meltings. 
The  old  brass,  which  fills  their  whole  capacity,  is  first  put 

in  and  melted  down ;  the  crucibles  are  now  taken  out  and 

charged  with  the  half  of  the  zinc  in  peces  of  firom  1  to 
8  indies  in  ^ize,  covered  over  with  coal-ashes ;  then  one- 
half  of  the  copper  is  introduced;  a^n  dust;  and  thus 
the  layers  of  zinc  and  copper  are  distributed  alternately 
with  coal-ashes  betwixt  them,  till  the  whole  charge  be- 
comes finally  f^ed.    Over  all,  a  thicker  lajrer  of  car- 
bonaceous matter  is  laid,  to^irevent  oxidation  of  the 
brass.    Eight  crucibles  filled  in  this  way  are  put  into  the 
fiimace  between  the  12  holes  of  the  grate ;  and  over  them 
are  laid  two  empty  crucibles  to  be  heated  for  the  casting 
operation.    In  from  8|  to  4  hours  the  brass  is  ready  to  be  poured.    Fifteen  English 
bushels  of  coals  are  consumed  in  one  operation ;  of  which  six  are  used  at  the  intro- 
duction of  the  crucibles,  and  four  gradually  afterwards. 
When  sheet  brass  is  to  be  made,  the  following  process  is  pursued  :— 
An  emphr  crucible  is  taken  out  of  the  fiimace  through  the  crown  with  a  pair  of 
tongs,  and  kept  red  hot  by  placing  it  in  a  hollow  hearUi  surrounded  with  burning 
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eoAls ;  into  this  crucible  the  contents  of  four  of  the  melting  pots  are  poured ;  the  dross 
is  raked  out  vith  an  iron  scraper.  As  soon  as  the  melting  pot  is  emptied,  it  is  im- 
mediately re-charged  in  the  manner  above  described,  and  placed  in  the  furnace.  The 
surfiice  of  the  melted  brass  is  swept  with  the  stump  of  a  broom,  and  then  stirred  about 
with  the  iron  rake,  to  bring  up  any  light  foreign  matter  to  the  surface,  which  is  then 
skimmed  with  a  little  scraper;  the  crucible  is  now  seized  with  the  casting  tongs,  and 
emptied  in  the  following  way : — 

The  mould  or  form  for  casting  sheet  brass  consists  of  two  slabs  of  granite,  a  a,  fys. 
212,  218.    These  are  6^  feet  long,  3  feet  broad,  1  foot  thick,  and,  for  greater  security. 


girt  with  iron  bands,  bb,2  inches  broad,  1^  thick,  and  joined  at  the  four  comers  with 
bolts  and  nuts.  The  mould  rests  upon  an  oaken  block,  c,  ^  feet  long,  S^th  bioad,  and 
1^  thick,  whidi  is  suspended  at  eadi  end  upon  gudgeons,  in  bearing  blocks,  placed 
under  the  foundry  floor,  d  d,in  the  casting  pit,  e  e»  This  is  lined  with  bricks ;  and 
is  6}  feet  long,  6i  broad,  and  2  deep ;  upon  the  two  long  side  walls  of  the  pit  are 
laid  the  bearing  blocks  which  support  the  s^udgeons.  The  swing  blocks  are  10  inches 
long,  18  indies  broad,  15  inches  thick,  and  somewhat  rounded  upon  their  back  edge, 
so  Uiat  the  casting  frame  may  slope  a  little  to  the  horizon.  To  these  blocks  two  cross 
wooden  arms,  //,  are  mortised,  upon  which  the  under  slab  rests  freely,  but  so  as  to 
project  about  6  inches  over  the  block  backwards,  to  secure  an  equipoise  in  the  act  of 
casting,  y  ^  are  bars,  placed  at  both  of  the  long  sides,  and  one  of  the  ends,  between 
the  slabs,  to  determine  the  thickness  of  the  brass  plate.  Upon  the  other  slab  the  gate 
h  is  fastened,  a  sheet  of  iron  6  inches  broad,  which  has  nearly  the  shape  of  a  parallel 
trapezium  (lozenge),  and  slopes  a  little  towards  the  horizon.  This  serves  for  setting 
the  casting  pot  upon  in  the  act  of  pouring,  and  renders  it  more  convenient  to  empty. 
The  gate  is  coated  with  a  mixture  of  loam  and  hair.  The  upper  slab  is  secured  to 
the  under  one  in  its  slanting  position  by  an  armour  or  binding.  This  consists  of 
tension  bars  of  wood, «,  k,  l^  m,  of  the  iron  bars  n,  (3  to  8^  inches  broad,  1^  inch  thick, 
see  the  top  view,  jS^'.  213)  of  a  rod  with  holes  and  pins  at  its  upper  end,  and  of  the 
iron  screw  spindle  o.  The  mode  in  which  these  act  may  be  understood  from  inn>ec- 
tion  of  the  figure.  In  order  to  lift  the  upper  slab  from  the  under  one,  which  is 
efibcted  by  turning  it  round  its  edge,  a  chain  is  employed,  suspending  two  others, 
connected  with  the  slab.  The  former  passes  over  a  pulley,  and  may  be  pulled  up  and 
down  by  means  of  a  wheel  and  axle,  or  the  aid  of  a  counterweight.  Upon  each  of 
the  two  long  sides  of  the  slab  are  two  iron  rings,  to  which  the  ends  of  the  chains 
may  be  hooked.  The  casting  faces  of  the  slab  must  be  coated  with  a  layer  of  finely 
ground  loam ;  the  thinner  this  is  the  better. 

When  calamine  is  employed,  \  cwt  of  copper, }  cwt.  of  calamine,  and  Jrd  the  volume 
of  both  of  charcoal  mixed,  are  put  into  seven  crucibles,  and  exposed  to  heat  during 
11  or  12  hours ;  the  product  being  from  70  to  72  lbs.  of  brass. 

Brass-Plate  BcUing, — ^At  Hegermiihl  there  are  two  re-heating  or  annealing  Aimaoes, 
one  larger,  18  feet  long,  and  another  smaller,  SJ ;  the  hot  chamber  is  separated  from 
the  fireplace  bv  iron  beams,  in  such  a  way  that  the  brass  castings  are  played  upon  by 
the  flames  on  both  their  sides.  After  each  passage  through  the  laminating  rolls,  they 
are  heated  anew,  then  cooled  and  laminated,  until  they  have  reached  the  proper  length. 
The  plates  are  smeared  with  grease  before  rolling. 

^.  214  shows  the  ground  ^lan  of  the  furnace  fmd  its  railway ;  fig,  215,  the  cross 
section ;  and  fig,  216  uie  section  lengthwise ;  a  a,  the  iron  way  bars  or  rails  upon 
the  floor  of  the  foundry  for  enabling  the  wheels  of  the  wa^on  to  move  rapidly  back- 
vards  and  forwards ;   6  6,  the  two  grates ;  c  e,  the  ash-pits  ;<{  <^,  the  fire  beams ; 
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eee,  vents  in  the  roof  of  the  hot  chamber  //  ^,  a,  two  plates  for  shutting  the  hot 
chamber ;  h,  the  fine ;  <,  the  chimney.  After  rolling,  the  sheets,  covered  with  black 
oxide  of  copper,  are  plung^  for  a  few  minntes  into  a  mother-water  from  the  alnm 


yy';y^>y,y/^^^/y;6m!i^^ 


works,  then  washed  in  dean  water,  and  lastlj,  smeared  with  oil,  and  scraped  inth  a 
blunt  knife. 

For  musical  purposes,  the  brass  wire  of  Berlin  had  acquired  great  and  merited 
celebritv ;  but  tnat  of  Birmingham  and  of  Cheadle  is  now  preferred  by  foreigners. 

The  Table  on  the  opposite  page,  for  the  compilation  of  which  we  are  indebted  to 
Mr.  Bobert  Mallet,  F.KS.,  presente,  in  a  veiy*  intelligible  form,  the  chemical  and 
physical  conditions  of  the  various  kinds  of  brass. 

It  is  known  that  common  brass,  containing  f^m  27*4  to  31 '8  per  cent,  of  anc  and 
from  71*9  to  65*8  per  cent,  of  copper,  is  not  malleable  while  hot,  but  that  articles  of 
it  must  be  made  by  casting.  As  it  would  be  of  great  advantage  in  manv  branches  of 
industiy  to  have  an  alloy  of  this  kind  that  could  be  worked  'vnuie  hot,  hke  malleable 
iron,  the  information  that  such  an  alloy  exists  must  be  welcome  to  artists. 

By  melting  together  83  parts  of  copper  and  26  parts  of  zinc,  there  was  a  loss  of  8 

C,  thus  making  60  per  cent,  copper  and  40  per  cent,  zinc  It  differs  from  the 
_  ish  specimens  by  containing  a  larger  proportion  of  zinc,  and  possesses,  according 
to  M.  Machts,  the  proprietor  of  a  brass  foundrv  in  Hanover,  the  precious  property  H 
malleability  in  a  higher  degree  than  the  English  specimens. 

A  piece  of  *  yellow  metal,'  similar  in  colour  to  this  alloyi  was  found  on  analysis  to 
contain  60*16  copper  and  89*71  zinc,  which  is  the  composition  of  malleable  brass.  It 
also  showed  great  density  or  solidity. 

An  alloy  was  prepared  by  molting  together  60  parts  copper  and  40  parts  zinc,  which 
had  the  following  properties : — The  colour  was  between  that  of  brass  and  tombak,  it 
hod  a  strong  metallic  lustre,  a  fine  close-grained  fracture,  and  great  solidity  (density). 
Its  specific  gravity  at  the  temperature  of  10^  C.  was  8*44  ;  by  calculation  it  ou^t 
only  to  have  been  8*08 ;  thus  showing  that  in  the  formation  of  the  alloy  a  condensa- 
tion must  have  taken  place.  Calculation  shows  that  the  alloy  may  be  considered  as 
a  determinate  chemical  combination,  for  the  results  of  the  analysis  very  nearly  accord 
with  the  assumption  that  it  may  be  considered  as  composed  of  three  atoms  by  weight 
of  copper  and  2  atoms  by  weight  of  zinc  (8Cu  +  2Zn).  The  hardness  of  the  alloy 
is  the  same  as  that  of  fluor  spar ;  it  can  be  scratched  by  apatite  (phosphate  of  lime), 
consequently  its  hardness  is  =4.  The  alloy  is  hfurder  than  copper,  very  tough,  and 
is,  in  a  properly  managed  fire,  malleable;  so  much  so  that  a  key  was  forged  out  of  a 
castrod. 

These  important  properties  of  this  alloy  warrant  an  expectation  of  its  application 
to  many  purposes  in  the  arts,  and  it  would  appear  that  they  depend  on  its  definite 
chemical  proportions. 

'  We  learn  some  ftirther  particulars  firom  the  *  G^ewerbeverein,'  of  Lower  Austria. 
The  oommission  obtained  from  an  EngUsh  specimen  65*03  dT  copper  and  84*76  tine. 
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Eisner  analysed  a  malleable  brass,  and  found  it  to  contain  61*16  copper  and  39*71 
zinc  These  nmnbers  approximate  to  the  composition  Gu'Zn'  (69*4  per  cent,  copper 
and  40*6  zinc). — Liebig  and  Kopp's  Separt, 

The  alloy  noticed  in  the  preceding  paragraphs  is  identical  with  that  known  as 
*  Muntz's  patent  sheathing  *  (see  table  on  preceding  page). 

The  chief  properties  of  ralue  in  brass,  are  its  colour,  hardness  (which  is  superior 
to  that  of  copper),  and  power  of  taking  delicate  impressions  when  cast  in  a  mould.  ^ 

The  malleability  of  brass  varies  greatly  with  its  chemical  composition,  and  with 
the  temperature  at  which  it  is  worked.  As  a  rule,  the  malleability  diminishes  with 
the  increase  in  the  quantity  of  zinc. 

The  effect  of  the  admixture  of  foreign  metals  on  brass  is  somewhat  similar  to  that 
produced  by  them  in  copper.  Antimony  is  most  injurious,  as  it  renders  the  metal 
brittle  and  liable  to  crack  at  the  edges  in  rolling. 

Lead  also  has  a  hardening  effect  on  brass,  and  is  useM  for  all  work  that  requires 
to  be  turned  or  filed ;  as  the  addition  of  about  two  ^  cent  causes  the  turnings  to 
break  short,  and  thus  prevents  the  tool  from  becoming  clogged.  The  same  effect  is 
produced  in  brass  for  engraving  by  the  addition  of  a  small  quantity  of  tin. 

Brass  is  apt  to  undergo  a  gradual  molecular  change,  especially  if  subjected  to  vibra- 
tion, and  thus  becomes  extremely  brittle.  Hence,  it  happens  that  brass  chains  used 
for  suspending  heavy  objects,  like  chandeliers,  occasionaUy  snap  without  any  external 
violence. 

Thin  sheet  brass  may  be  readily  stamped  into  shape,  and  in  this  way  ornamental 
brass  objects  are  now  extensively  made :  the  sheet  brass  being  subjected  to  heavy 
blows  delivered  by  steel  dies.  The  metal  requires,  however,  to  be  frequently  an- 
nealed during  the  stamping,  and  the  film  of  oxide  which  is  formed  on  the  surface  by 
the  annealing,  requires  to  be  removed  by  dipping  in  aquafortis ;  the  objects  are  then 
washed  with  water,  and  lacquered.  By  vamng  the  strength  of  the  aquafortis,  the 
colour  of  the  brass  may  be  considerably  modified. 

The  surface  of  brass  work  requires  to  be  protected  from  the  action  of  the  air,  by  a 
coating  of  a  less  oxidisable  metal,  or  a  resinous  varnish  or  lacquer.  The  metal  is 
first  brought  up  to  a  clean  face  by  the  process  of  '  dipping '  or  immersion  into  weak 
nitric  add,  whereby  the  adherent  scale  or  oxide  formed  during  annealing  is  removed. 
By  varying  the  strength  of  the  acid  employed,  and  repeating  the  dipping,  the  metal 
may  be  made  to  .assume  a  *  matt,'  dead,  or  frosted  appearance.  After  dipping,  the 
metal  is  washed  in  water,  and  dried  by  imbedding  it  in  hot  sawdust.  The  lacquer, 
which  is  an  alcoholic  solution  of  shellac,  more  or  less  coloured  with  dragon^s  blood, 
according  to  the  tint  desired  in  the  finished  work,  is  brushed  over  the  arUcle  when 
in  a  heated  state,  and  dried  over  a  stove.  The  colour  in  the  lacquer  helps  to  produce 
a  higher  or  more  golden  tint  than  that  due  to  the  metal  alone. 

Srass  work  is  bronzed  in  several  different  ways :  the  most  usual  are,  immersion  in 
a  solution  of  arsenious  acid,  in  hvdrochloric  add,  or  in  bidiloride  of  platinum.  The 
former  is  chiefiy  employed  for  dieap  work,  such  as  common  gas  fittings,  while  the 
latter  is  used  for  bladdng  or  bronzing  telescopes,  mathematical  instruments,  and 
similar  fine  work.  The  effect,  in  either  case,  is  the  production  of  a  film  of  dark 
coloured  metal  on  the  surface  of  the  brass,  namely,  arsenic  in  the  former,  and 

Elatinum  in  the  latter  case.  This  operation  is  performed  after  dipping,  and  before 
icquering. 

Another  method  now  extensively  used,  is  to  apply  a  coating  of  a  solution  of  cor- 
rosive sublimate  (bichloride  of  mercury)  in  water,  mixed  with  vinegar.  A  film  of 
mercury  is  thus  formed  on  the  surface  of  the  brass. 

For  the  method  of  covering  brass  with  a  film  of  tin,  see  Pin  MAmTFAcrusB. 

Bbass  Foil.  Dutch  leaf,  called  Knitter  or  Rauwhgcid  in  Germany,  is  made  from 
a  veiy  thin  sheet  brass,  beat  out  under  a  hammer  worked  by  water-power,  which  gives 
from  800  to  400  strokes  per  minute,  f^m  40  to  80  leaves  being  hud  over  each  other. 
Bv  this  treatment  it  may  be  reduced  to  leaves  not  more  than  ^^^th  of  an  inch  thick. 
The  metal  employed  is  one  rich  in  copper. 

Brass,  Yeixow.  The  following  l^ble  exhibits  the  composition  of  several  varieties 
of  this  species  of  brass.  No.  1  is  a  cast  brass  of  uncertain  origin ;  2,  the  brass  of 
Jemappes ;  3,  the  sheet  brass  of  Stolberg,  near  Aix-la-Ohapelle ;  4  and  5,  the  brass 
for  gilding,  according  to  D'Arcet ;  6,  the  sheet  brass  of  Komilly ;  7,  English  brass 
wire ;  8,  Auraberg  brass  wire ;  9,  Brass  wire  of  Neustadt-Eberswald,  in  the  ndgh- 
bourhood  of  Berlin : — 
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0-79 
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99*9 
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100-00 

••• 

100-00 

100-87 
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Tofkbakf  or  Ked  Bi4ss,  in  the  cast  state,  is  an  alloy  of  copper  and  zinc,  containing 
not  more  tiian  20  per  cent  of  the  latter  constituent.  The  following  Tarieties  are  dis- 
tinguished : — 1,  2,  3,  tombak  for  making  gilt  articles ;  4,  French  tombak  for  sword- 
handles,  &c ;  5,  tombak  of  the  Okar,  near  Qoslar,  in  the  Harts ;  6,  yellow  tombak  of 
P&ris,  for  gilt  ornaments ;  7,  tombak  for  the  same  purpose  firom  a  ^Ctory  in  Hanorer ; 
8,  chrysochalk ;  9,  red  tombak  from  Paris ;  10,  red  tombak  of  Vienna. 
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Mr.  Holtzapffel,  in  his  '  Mechanical  Manijpalation,'  has  given  some  very  important 
descriptions  of  alloys.  From  his  long  experience  in  mandflacture,  no  one  was  more 
capable  than  Mr.  iLoltsapffal  to  speak  with  authority  on  the  alloys  of  copper  and  zinc ; 
and  fh>m  his  work,  the  following  p^culars  have  been  obtained : — 

The  red  colour  of  copper  slides  into  that  of  yellow  brass  at  about  4  or  6  ounces 
of  zinc  to  the  pound  of  copper,  and  remains  little  altered  unto  about  8  or  10  ounces ; 
after  this  it  becomes  whiter,  and  when  32  ounces  of  zinc  are  added  to  16  of  cop|>er, 
the  mixture  has  the  brilliant  silvery  colour  of  speculum  metal,  but  with  a  bluish 
tint 

The  alloys-— from  about  8  to  16  ounces  to  the  pound  of  copper— -are  extensively 
used  for  dipping,  a  process  adopted  for  giving  a  fine  colour  to  an  enormous  variety 
of  furniture  work.  The  alloys  with  zinc  retain  their  malleability  and  ductility  well 
unto  about  8  or  10  ounces  to  the  pound ;  after  this  the  crystalline  character  slowly 
begins  to  prevaiL  The  alloy  of  2  zinc  and  1  copper  may  be  crumbled  in  a  mortar 
when  cold.  In  the  following  list»  the  quantity  of  zinc  employed  to  1  lb.  of  copper 
)8  given : — 

1  to  1^  oz.  gilding  metal  for  common  jewellery. 

3  to  4  oz.  !Ekith  metal,  pinchbeck,  Mannheim  gold,  Similor ;  and  alloys  bearing 

various  names,  and  resembling  infarior  jewellers'  gold. 
8  oz.  Emerson's  patent  brass.  • 
10|  oz.  Muntz's  metal,  or  40  zinc  and  60  copper.    '  Any  proportions,'  says  the 

patentee,  '  between  the  extremes,  50  zinc  and  50  copper  and  37  zinc  and  63 

copper,  will  roll  and  work  well  at  a  red  heat.' 
16  oz.  soft  spelter  solder,  suitable  for  ordinary  brass  work. 
16 1  oz.  Hamilton  and  Parker's  patent  mosaic  gold. 

Brass  is  extensively  employed  for  the  bearings  of  machinery.  Several  patents  have 
been  taken  out  for  compositions  varying  but  slightly.  The  following,  for  improve- 
ments in  casting  the  bearings  and  brasses  of  machinery,  appears  important : — Mr. 
W.  Hewitson,  of  Leeds,  directs,  in  his  patent,  that  the  proper  mixture  of  alloy,  copper, 
tin,  and  zinc,  should  be  run  into  metal  or  '  chill '  moulds,  in  place  of  the  ordniary 
moulds.  In  large  castings,  it  is  found  more  especially  that  the  metals  do  not  mix 
intimately  in  cooling,  or,  rather,  they  arrange  themselves  into  groups  when  cast  in 
sand,  and  the  bearings  are  found  to  wear  out  more  quickly ;  but  if  the  bearings  are 
cast  so  that  the  alloy  comes  in  contact  with  metal,  the  mixture  is  more  intimate,  and 
the  bearings  last  longer  than  if  cast  in  drv  or  green  sand  moulds. 

Mr.  Hewitson  generally  only  apj^es  these  chill-metal  surfaces  of  the  moulds  to 
those  parts  of  a  brass,  or  bearing,  tnat  are  to  receive  the  shaft  or  bear  the  axis  of  a 
machine.    The  chills  are  preferred  of  iron,  perforated  with  holes  (^th  to  Jth  inch) 
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for  the  passage  of  air  or  Taponrs ;  the  surfiEico  should  be  Uiinly  coated  with  loam,  and 
heated  to  about  200^. 

Fenton's  patent  metal  consists  of  copper,  spelter,  and  tin :  it  has  less  specific  gra- 
Tity  than  gun-metal,  said  is  described  as  being  '  of  a  more  soapj  nature,'  bj  which, 
consequenUj,  the  consumption  of  oil  or  grease  is  lessened. 

Many  of  the  patentees  of  bearing  metals  assure  us,  that  the  metals  they  now  xise 
difibr  yery  considerably  froia  the  statement  in  their  specifications.  Surely  this  requires 
a  careful  examination. 

We  exported  of  our  Bbass  Manufactures,  in  1864,  as  foDows : — 

OwtB.  £ 

Brass  wire  of  all  sorts,  and  manufactures  of  wire        .  10,950  54,648 

Brass  tubing       ........  8,077  41,654 

Wrought  brass  of  all  other  sorts,  not  being  ordnance,  \  no  nia  i  ot  o  n 

and  not  otherwise  described     .        .        .        .     /  ^^»^*^  ^^^'^^ 

In  the  same  year  we  imported : — 

Brass  manufiaictures,  unenumerated      ....  4,643  49,802 

Brass,  old,  fit  only  to  be  re- manufactured    .        .        .  3,085  6,325 


OOXiOUB,  for  staining  glass,  is  prepared  by  exposing  for  several  da^ 
thin  plates  of  brass  upon  tiles  in  the  leer,  or  anneaUng  ami,  of  the  glass  house,  till 
they  are  oxidised  into  a  black  powder,  aggregated  in  lumps.  This  being  pulverised 
and  sifted,  is  to  be  again  well  calcined  for  several  days  more,  till  no  particles 
remain  in  the  metallie  state,  when  it  will  form  a  fine  powder  of  a  russet-brown 
colour.  A  third  calcination  must  now  be  given  with  a  carefully  regulated  heat,  its 
quality  being  tested  from  time  to  time  by  f^on  with  some  glass.  If  it  makes  the 
glass  swell  and  intumesce,  it  is  properly  prepared ;  if  not,  it  must  be  still  further 
calcined.  Such  a  powder  communicates  to  glass  greens  of  various  tints,  passing  into 
turauoise. 

When  thin  narrow  strips  of  brass  are  stratified  with  sulphur  in  a  crucible,  and  cal- 
cined at  a  red  heat,  they  become  friable  and  may  be  reduced  to  powder.  This  being 
sifted  and  exposed  upon  tiles  in  a  reverberatoiy  ftimace  for  10  or  12  days,  becomes 
fit  for  use,  and  is  capable  of  imparting  a  chalcedony—red  or  yellow— tinge  to  glass 
by  fiision,  according  to  the  mode  and  proportion  of  using  it 

The  glassmakers^red  colour  may  be  prepared  by  holding  small  plates  of  brass  in 
a  moderate  heat  in  a  reverberatoiy  furnace  till  they  are  thoroughly  calcined.  When 
tiie  substance  becomes  pulverulent,  and  assumes  a  red  colour,  it  is  ready  for  imme- 
diate use. 

Brass  colour,  as  employed  by  the  colourmen  to  imitate  brass,  is  of  two  tints — the 
red  or  bronze,  and  the  yellow,  like  gilt  brass.  Coj)per  filings  mixed  with  red  ochre, 
or  bole,  constitute  the  former ;  a  powdered  brass,  imported  from  Germany,  is  used  for 
the  latter.  Both  must  be  worked  up  with  varnish  after  being  dried  by  heat,  and 
then  spread  flat  with  a  camel-hair  brush  evenly  upon  the  sur&ce  of  the  object  The 
best  varnish  is  composed  of  20  ounces  of  spirits  of  wine,  2  ounces  of  shellac,  and  2 
ounces  of  sandarach,  properly  dissolved.  (See  Vabnish.)  Only  so  much  of  the 
brass  powder  and  varmsh  should  be  mixed  at  a  time  as  is  wanted  for  immediate  use. 
See  Bbomzb  Powdbb.  • 

ltBilBff»lff|  OOJL&y.or  WHASS  OW  OOJLXiv  or  BBA88ST  OOA&.  Names 
given  to  iron  pyrites  found  in  the  coal-measures.  In  1872  it  was  estimated  that  the 
following  quantities  were  produced  and  used : — 

NOBTHITHBBBLAKD  and  DUAHAH  .  .  .  3,250  tODS. 

YOBJLSHIBB       ' 3,700     „ 

Lakcashirb       .......  2,400    „ 

Staffobdshibb 3,700    „ 

These  sulphur  ores  are  employed  in  Yorkshire,  Lancashire,  and  on  the  Tvne,  in  the  . 
mantrfacture  of  the  protosulphate  of  iron  (copperas.)  For  this  purpose  they  are  ex- 
tended in  wide-sproad  heaps,  and  thus  exposed  to  atmospheric  influences.  The 
result  is  the  conversion  of  the  sulphur  into  sulphuric  add,  which  re-uniting  with  the 
iron  forms  the  sulphate  of  the  protoxide  of  iron,  which  is  dissolved  out  and  OTstal- 
lised.  The  presence  of  iron  pyrites  in  coal  (Brasses),  often  gives  the  tenden<nr 
to  spontaneous  combustion.  A  large  number  of  the  ships  which  are  sent  fi^m  South 
Wales  to  Chili,  with  coials,  which  are  used  for  smelting  the  copper  ores  of  that 
country,  take  fire  when  they  reach  the  tropics.  This  arises  mainly  from  carelessness, 
lu  the  flrst  place,  the  coals  are  not  carefully  selected.  They  are  bought  cheaply, 
and  being  small,  are  put  on  board  the  ships,  without  being  washed  or  picked,  and 
frequentiy  damp.  During  the  voyage,  decomposition  goes  on,  and  by  the  time  they 
zekch  the  warmer  latitudes,  a  temperature  suffidentiy  hig^  to  occasion  actual  corn- 
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bnstion  is  produced.  By  ciurefully  washing  the  coal  and  diying  it^  these  casnalties 
might  be  almost  entirely  pievented.  Bbass  is  a  name  given  to  an  iron  ore  found  in 
the  coal-measures  of  South  Wales,  which  is  not  a  pyridc  pre,  although  for  a  long 
period  mistaken  for  it^    See  Coal  Bbass. 

BXASSZ&.  A  name  given  to  iion  pyrites  in  Derbyshire,  *  a  hard  substance,  and 
fieiy,  but  yields  no  metal.' — Hodson,  Complete  Derbyshire  Miner, 

BBABBTWa  ZBOV.  Iron  ornaments  are  covered  with  copper  or  brass  by  pro- 
perly preparing  the  surface,  so  as  to  remove  all  organic  matter,  which  would  prevent 
adhesion,  and  Uien  plunging  them  into  melted  brass.  A  thin  coating  is  thus  spread 
over  the  iron,  and  it  admits  of  being  polished  or  burnished.  The  electro-magnetic 
process  is  now  employed  for  the  purpose  of  precipitating  brass  on  iron.  This  process 
tras  first  mentioned  in  Shaw's  'Metallurgy,'  in  1844,  where  he  remarks :  '  In  depo- 
siting copper  upon  iron,  a  solution  of  the  cyanide  or  acetate  of  copper  should 
be  employed.  The  only  value  of  these  salts  is,  that  the  surface  of  iron  may  be 
immersed  in  their  solutions  without  receiving  iiguiy  by  the  corrosion  consequent  upon 
the  deposition  of  a  film  of  metal  by  chemical  action.'  The  following  solutions  are 
recommended  bv  Br.  Woods,  in  the  *  Scientific  American,'  for  coating  iron  with 
copper,  zinc,  or  brass,  by  the  electrotype  process : — 

To  make  a  Solution  of  Copper  or  Zinc, — ^Dissolve  8  ounces  (troy)  cyanide  of  potas- 
sium and  3  ounces  of  cyanide  of  coppe^r  or  idnc  in  1  gallon  of  rain  or  distilled  water. 
These  solutions  to  be  used  at  about  160^  F.  with  a  compound  battery  of  from  3  to  12 
cells. 

To  prepare  a  Solution  of  Brass* — ^Dissolve  1  lb.  (troy)  cyanide  of  potassium,  2 
ounces  of  cyanide  of  copper,  and  1  ounce  of  cyanide  of  zinc,  in  one  gallon  of  rain  or 
distilled  water ;  then  add  two  ounces  of  muriate  of  ammonia.  This  solution  is  to  be 
used  at  160®  F.  for  smooth  work,  and  from  90°  to  120®,  with  a  compound  battery  of 
from  3  to  12  cells.    See  £LBCTBo-MBTixx.UBOT. 

B&ATTXOB.  The  division  made  in  a  shaft  of  a  colliery  is  so  called.  It  is  used 
to  ensure  an  up  and  a  down-cast  current  of  air.  Brattices  may  be  also  used  in  any 
of  the  levels  for  the  same  purpose.  They  may  be  of  metal,  of  wood,  or  tarred  canvas. 
Mining  engineers  speak  of  a  natural  bratticet  i.e.  one  independent  of  any  artificial 
arrangement— when  the  currents  separate  naturally  in  a  shi^  or  a  level— and  thus 
produce  a  natural  ventilation. 

BRAUJIATM.  A  sesquioxide  of  manganese,  composed  when  pure  of  nearly  70 
per  cent,  of  manganese,  and  30  per  cent,  of  oxygen. 

B&aJUZAUr  AXXO'WltOOT.    See  A^bowboot. 

BBATiTTi  innrs.  The  hard-shelled  fruit  of  the  BerthoUetia  exodsa^  which  is 
roundish  and  about  six  inches  in  diameter,  contains  about  two  dozen  of  the  elongated 
wrinkled  triangular  seeds— these  are  the  *  nuts '  of  the  shops.    See  Faba  Nuts. 

BBATiTTi  ^ITOOH.  {Bois  de  Pemambouc,  Fr. ;  Braeilienholzt  Ger.)  This  dye- 
wood  gives  its  name  to  the  part  of  America  whence  it  was  first  imported.  It  has 
also  the  names  of  Femambuca,  Wood  of  St.  Martha,  and  of  Sapan,  according  to  the 
places  which  produce  it.  Linnaeus  distinguishes  the  tree  which  furnishes  the  Brazil 
wood  by  the  name  of  Casalpinia  crista.  It  commonly  grows  in  dry  places  among 
rocks.  Its  trunk  is  very  large,  crooked,  and  full  of  knots.  It  is  very  hard,  suscep- 
tible of  a  fine  polish,  and  siiScs  in  water.  It  is  pale  when  newly  cleft,  but  becomes 
red  on  exposure  to  the  air.  The  following  is  a  very  exact  description  of  the  tree  pro- 
ducing this  wood : — 

The  ibiripitanga,  or  Brazil  wood,  called,  in  Femambuco,  poo  da  rainha  (Queen's 
wood),  on  account  of  its  being  a  Gk>vernment  monopoly,  is  now  rarely  to  be  seen  within 
many  leagues  of  the  coast,  owing  to  the  improviaent  manner  in  which  it  has  been 
cut  down  by  the  Government  agents,  without  any  regard  being  paid  to  the  size  of  tho 
tree  or  its  cultivation.  It  is  not  a  lofty  trpe.  At  a  short  distance  from  the  ground, 
innumerable  branches  spring  forth  and  extend  in  every  direction  in  a  straggling, 
irregular,  and  unpleasing  manner.  The  leaves  are  small  and  not  luxuriant ;  the  wood 
is  very  hard  and  heavy,  takes  a  high  polish,  and  sinks  in  water ;  the  only  valuable 
portion  of  it  is  the  heart,  as  the  outw^  coat  of  wood  has  not  any  peculiarity.  The 
name  of  this  wood  is  derived  from  brasast  a  glowing  fire  or  coal ;  its  botanical  name 
is  CiBsalpinia  Brasileto.  The  leaves  are  pinnated,  the  flower  white  and  papilionaceous, 
growing  in  a  pyramidal  spike :  one  spedes  has  flowers  variegated  with  red.  The 
branches  are  slender  and  full  of  small  prickles. .  There  are  nine  species.  See  Bellas 
•Geography.' 

The  species  BrasiletOt  which  is  inferior  to  the  cr^a,  grows  in  great  abundance  in  the 
West  Indies.  The  demand  for  the  Brasileto,  a  few  years  ago,  was  so  great,  owing  to  its 
being  a  little  cheaper  than  the  crisiat  that  nearly  the  whole  of  the  trees  in  the  British 
possessions  were  cut  down  and  sent  homo,  which  Mr.  Bell  very  justly  terms  improvi- 
denoe.  It  is  not  now  so  much  used,  and  is  consequently  scarcer  in  the  English  market. 
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The  wood  known  in  commerce  as  Pemamlmeo  is  most  esteemed,  and  has  tlie 
greatest  quantity  of  oolotiring  matter.  It  is  hard,  has  a  yellow  colonr  when  newly 
cut,  but  turns  rod  by  exposure  to  the  air.  That  kind  termed  Lima  ioood  is  the  same 
in  quality.  Sapan  wood  grows  in  Japan,  and  in  quality  is  next  the  two  named  above. 
It  is  not  plentiful,  but  is  much  yalued  in  the  dyehouse  for  red  of  a  certain  tint ;  it 
gives  a  very  clear  and  superior  colour.  The  quantity  of  ash  that  these  two  qtialities 
of  wood  contain  is  worthy  of  remark.  Lima  wood,  as  imported,  gives  the  average  of 
2*7  per  cent,  while  Sapan  wood  gives  1*5  per  cent ;  in  both,  the  prevailing  earth  is 
limo.  The  quantity  of  moisture  in  the  wood  averages  about  10  percetit. ;  toat  in  the 
ground  wood  in  the  market  about  20  per  cent. 

Sapan  wood  is  yielded  by  Ctesaipinia  Sapan,  and  Lima  wood  by  C,  eckinata, 

Brazil  wood  has  different  shades  of  red  and  orange.  Its  goodness  is  determined 
particularly  by  its  density.  When  chewed,  a  saccharine  taste  is  perceived.  It  may 
bo  distinguished  from  red  saunders  wood  by  its  colouring  water,  which  the  latter 
docs  not. 

JtmAXHi  IV^IOll  VWMBm  Boiling  water  extracts  the  whole  colouring  matter  of 
Brazil  wood,  and  if  the  ebullition  be  long  enough  continued,  it  assumes  a  fine  red 
colour.  The  residuum  appears  black.  In  this  case  an  alkali  may  still  extract  much 
colouring  matter.  The  sdntion  in  alcohol  or  ammonia  is  still  deeper  than  the  pre- 
ceding. 

The  decoction  of  Brazil  wood,  called  juice  of  Brazil,  is  observed  to  be  less  fit  for 
dyeinff  when  recent  than  when  old,  or  even  fermented.  By  age  it  takes  a  yellowish- 
red  colour.  For  making  this  decoction,  Hellot  recommends  the  use  of  the  hardest 
water;  but  it  should  be  remarked  that  this  water  deepens  the  colour  in  proportion  to 
the  earthy  salts  which  it  contains.  After  boiling  this  wood  reduced  to  chips,  or,  what 
is  preferable,  to  powder,  for  three  hours,  this  first  decoction  is  poured  into  a  cask. 
Fresh  water  is  poured  on  the  wood,  which  is  then  made  to  boil  for  three  hours,  and 
mixed  with  the  former.  When  Brazil  wood  is  employed  in  a  dyeing  bath,  it  is  proper 
to  enclose  it  in  a  thin  linen  bag. 

Wool  immersed  in  the  luioe  of  Brazil  wood  takes  but  a  feeble  tint,  which  is  speedily 
destroyed ;  it  must  therefore  receive  some  preliminary  preparations. 

The  wool  is  to  be  boiled  in  a  solution  of  alum,  to  which  a  fourth  or  even  less  of 
tartar  is  added,  for  a  larger  proportion  of  tartar  would  make  the  colour  yellowish. 
The  wool  is  kept  impregnated  with  it,  for  at  least  eight  days,  in  a  cool  place.  After 
this,  it  is  dyed  with  the  Brazil  juice  with  a  slight  boiling.  But  the  first  colouring 
particles  that  are  deposited  affixrd  a  less  beautiM  colour ;  hence  it  is  pro]^  to  pass  a 
coarser  stuflf  previously  through  the  bath.  In  this  manner  a  lively  i^  is  procured, 
which  resists  T^tty  well  the  action  of  the  air. 

Brazil  wooa  is  made  use  of  for  dyeing  silk  the  colour  known  as  false  crimson,  to 
distinguish  it  from  the  crimson  made  by  means  of  cochineal,  which  is  much  more 
permanent. 

The  silk  should  be  boiled  at  the  rate  of  20  parts  of  soap  per  cent.,  and  then  alumed. 
The  aluming  need  not  be  so  strong  as  for  the  fine  crimson.  The  silk  is  refreshed  at 
the  river,  and  passed  through  a  bath  more  or  less  charged  with  Brazil  juice,  ac- 
cording to  the  shade  to  be  given.  When  water  tree  from  earthy  salts  is  employed, 
the  colour  is  too  red  to  imitate  crimson ;  tiiis  quality  is  given  it  by  passing  the 
silk  through  a  slight  alkaline  solution,  or  by  adding  a  little  alkali  to  the  bath. 
It  might,  indeed,  be  washed  in  a  hard  water  till  it  had  taken  the  desired  shade. 
They  thus  become  permanent  colours.  But  what  distinguishes  them  from  madder 
and  kermes,  and  approximates  them  to  cochineal,  is  uieir  re-appearing  in  their 
natural  colonr,  when  they  are  thrown  down  in  a  state  of  combination  with  alumina, 
or  with  oxide  of  Un.  These  two  combinations  seem  to  be  the  fittest  for  rendering 
them  durable.  It  is  requisite,  therefore,  to  enquire  what  drcumstancee  are  best 
calculated  to  promote  the  formation  of  these  combinations  according  to  the  nature  of 
thestnfC 

The  astringent  principle,  likewise,  seems  to  contribute  to  the  permanence  of  the 
colouring  matter  of  Brazil  wood ;  but  it  deepens  its  hue,  and  can  only  bo  employed 
for  light  shades. 

To  make  deeper  fahe  crimsons,  a  dark  red  juice  of  logwood  is  put  into  the  Brazil 
bath  after  the  silk  has  been  impregnated  with  it.  A  little  alkali  may  be  added, 
according  to  the  shade  that  is  wanted. 

To  imitate  poppy  or  fiame  colour,  an  amotto  ground  is  given  to  the  silk,  deeper 
even  than  when  it  is  dyed  with  carthamus;  it  is  then  washed,  alumed,  and  dyed  with 
juice  of  Brazil,  to  which  a  little  soap  water  is  usually  added. 

The  colouring  particles  of  Brazil  wood  are  easily  afibcted  and  made  yellow  by  the 
action  of  acids. 

The  colouring  partides  of  Brazil  wood  are  also  very  sensible  to  the  action  of  alkalis, 
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which  give  them  a  porple  hue ;  and  there  are  seyeral  processea  in  which  the  alkalis, 
cither  fixed  or  volatile,  are  nsed  for  forming  violeta  and  purples.  But  the  colours 
obtained  by  these  methods,  which  may  be  easily  varied  according  to  the  purfKMse,  are 
perishable,  and  possess  but  a  transient  bloom.  The  alkalis  appear  not  to  ii\jure  the 
colours  derived  from  madder,  but  they  accelerate  the  destruction  of  most  other 
colours. 

In  England  and  Holland  the  wood-dyes  are  reduced  to  powder  by  means  of  mills 
erected  for  the  pur^e. 

The  bright  fugitive  red,  called  fancy  rod,  is  given  to  cotton  of  Nicaragua,  or  peach 
wood,  a  cheap  kind  of  Brazilwood.    See  Peach  Wood. 

The  cotton  bein^  scoured  and  bleached,  is  boiled  with  sumach.  It  is  then  impreg- 
nated with  a  solution  of  tin  (at  5^  B.,  according  to  Yitalis).  It  should  now  be  washed 
slightly  in  a  weak  bath  of  the  dyeing  wood;  and,  lastly,  worked  in  a  somewhat  stale 
in&sion  of  the  peach  or  Brazil  wood.  When  the  temperature  of  this  is  lukewarm,  the 
dye  is  said. to  take  better.  Sometimes  two  successive  immersions  in  the  bath  are 
given.    It  is  now  wrung  out,  aired,  washed  in  water,  and  dried. 

M.  l^talis  says,  that  his  solution  of  tin  is  prepcired  with  two  oxmces  of  tin  and 
a  pound  of  aqua  regia,  made  with  two  parts  or  nitric  add  at  2i9  B.  and  three  parts 
of  muriatic  aad  at  22^. 

For  a  rose  colour,  the  cotton  is  alumed  as  usual,  and  washed  from  the  alum.  It 
then  gets  the  tin  mordant,  and  is  again  washed.  It  is  now  turned  through  the  dye- 
bath,  an  operation  which  is  repeated  if  necessarjr. 

For  purple,  a  little  alum  is  added  to  the  Brazil  bath. 

1.  For  amaranth,  the  cotton  is  strongly  galled,  dried,  and  washed. 

2.  It  is  passed  through  the  black  cask  {iofiTieau  noir),  till  it  has  taken  a  strong 
grey  shade.    See  Black  Dtb. 

3.  It  receives  a  bath  of  lime  water. 

4.  Mordant  of  tin. 

5.  ^eiiig  in  the  Brazil  wood  bath. 

6.  The  last  two  operations  are  repeated. 

Dingier  has  endeavoured  to  separate  the  colouring  matter  of  the  different  sorts  of 
Brazil  wood,  so  as  to  obtain  the  same  tint  from  the  coarser  as  f]X>m  the  best  Pemam- 
buco.  His  process  consists  in  treating  the  wood  with  hot  water  or  steam,  in  concen- 
trating the  decoction  so  as  to  obtain  14  or  15  pounds  of  it  £rom  4  pounds  of  wood, 
allowing  it  to  cool,  and  pouring  into  it  two  pounds  of  skim  milk ;  agitating,  then 
boiling  for  a  few  minutes,  and  filtering.  The  dun  colouring  matters  are  precipitated 
by  the  coagulation  of  the  caseous  substance.  For  dyeing,  the  decoctions  must  be 
diluted  with  water;  for  printing,  they  must  be  concentrated  so  that  4  pounds  of  wood 
shall  furnish  only  5  or  6  pounds  of  decoction,  and  the  liquor  may  be  thickened  in  the 
ordinary  way.  These  decoctions  may  be  employed  immediately,  as  by  this  treatment 
they  have  acquired  the  same  property  as  they  otherwise  could  get  only  by  being  long 
kept.  A  slight  fermentation  is  said  to  improve  the  colour  of  these  decoctions ;  some 
ground  wood  is  put  into  the  decoction  to  favour  this  process. 

Gall-nuts,  however,  sumach,  the  bark  of  birch  or  alder,  renders  the  colour  of  Brazil 
wood  more  durable  upon  alumed  linen  and  cotton  goods,  but  the  shade  is  a  little 
darker. 

In  dyeing  wool  with  Pemambuco  Brazil  wood,  the  temperature  of  the  bath  should 
never  be  above  150^  F.,  since  higher  heats  impair  the  colour. 

According  to  Dingier  and  Kurrer,  bright  and  fast  scarlet  reds  may  be  obtained 
upon  wool,  by  preparing  a  decoction  of  50  pounds  of  Brazil  wood  in  three  successive 
boils,  and  settmg  the  decoction  aside  for  3  or  4  weeks  in  a  cool  place ;  100  pounds  of 
the  wool  are  then  alumed  in  a  bath  of  22  pounds  of  alum  and  11  pounds  of  tartar, 
and  afterwards  rinsed  in  cold  water.  Meanwhile,  we  fill  two-thirds  with  water  a 
copper  containing  30  pails,  and  heated  to  the  temperature  of  150^  or  160^  F.  We 
pour  in  3  pailfuls  of  the  decoction,  heat  to  the  same  point  again,  and  introduce  30 
pounds  of  wool,  which  does  not  take  a  scarlet,  but  rather  a  crimson  tint.  This  being  re- 
moved, 2  pails  of  decoction  are  put  in,  and  30  pounds  of  wool,  which  becomes  scarlet, 
but  not  so  fine  as  at  the  third  dip.  If  the  dver  strengthens  the  colour  a  little  at  the 
first  dip,  a  little  more  at  the  second,  and  adds  at  the  third  and  fourth  the  quantity  of 
decoction  merely  necessary,  he  will  obtain  an  uniform  scarlet  tint.  WiUi  50  pounds 
of  Pemambuco,  1,000  pounds  of  wool  may  be  dyed  scarlet  in  this  way,  and  with  the 
deposits  another  100  ma^r  be  dyed  of  a  tile  colour.  An  addition  of  weld  renders  the 
colour  faster,  but  less  brilliant.    See  Weld. 

Karkutsch  says  the  dye  may  be  improved  by  adding  some  ox-gall  to  the  bath. 

In  dvcing  cotton,  the  tannin  and  gallic  add  are  two  necessary  mordants ;  and  the 
colour  IS  particularly  bright  and  durable  when  the  cloth  has  been  prepared  with  the 
wly  process  of  Turkey  red. 
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It  is  said  that  stale  urine  heightens  the  oolonr  of  Bnudl  dye  iHien  the  gronnd  wood 
is  moistened  -with  it. 

CheTtenl  obtained  the  colonring  matter  from  Brazil  wood  in  the  following  manner : 
Digest  the  raspings  of  the  wood  in  water  till  all  the  colonring  matter  is  dissolved,  and 
evaporate  the  infusion  to  dr3me8s,  to  get  rid  of  a  little  acetic  acid  which  it  contains. 
Dissolve  the  residue  in  water,  and  agitate  the  solution  with  litharge,  to  get  rid  of  a 
little  fixed  add.  Evaporate  again  to  dryness ;  digest  the  residue  in  fdoohcM. ;  filter  and 
evaporate,  to  drive  off  the  alcohol.  Dilute  the  residual  matter  with  water,  and  add  to 
the  liquid  a  solution  of  glue,  till  all  the  tannin  which  it  contains  is  thrown  down ; 
filter  again,  and  evaporate  to  dryness,  and  digest  the  residue  in  alcohol,  which  will 
leave  undissolved  any  excess  of  glue  which  may  have  been  added.  The  last  alcoholic 
solution,  being  evaporated  to  d^ess,  leaves  brazilint  the  colouring  matter  of  the 
wood,  in  a  state  of  considerable  purity. 

BBAgHb*  A  term  given  to  a  hard  coal,  approaching  Anthracite  in  character,  in 
South  Staffordshire. 

liBftTiTTtTW  and  WBLAXJLSMM  are  two  colouring  matters  which  have  been 
separated  from  Brazil  wood,  by  Chevreul  and  Preisser.  They  are  probably  identical. 
See  Watts's  '  Dictionary  of  Chemistry.' 

BBATiTTffCk    See  Soldsbs  and  Soldebiko. 

B&aAD.  One  of  the  most  important,  if  not  altogether  the  most  important,  article 
of  food,  unquestionably,  is  bread;  and  although  rye,  barley,  oats,  and  other  cereals, 
are  sometimes  used  by  the  baker,  wheat  is  the  grain  which  is  best  fitted  for  the  manu- 
facture of  that  article,  not  only  on  account  of  the  larger  amount  of  eluten,  or  nitro- 
genous matter,  which  it  contains,  and  than  can  be  found  in  other  emble  grains,  but 
also  on  account  of  the  almost  exact  balance  in  which  the  nitrogenous  and  non- 
nitrogenous  constituents  exist  in  that  cereal,  and  owing  to  which  it  is  capable  of 
ministering  to  all  the  requirements  of  the  human  frame,  and  of  being  assimilated  at 
once  and  without  effort  by  our  organs,  whence  the  name  of  'staff  of  life,'  which  is 
often  given  to  it^  wheat  being,  like  milk,  a  perfect  food. 

Although  gluten  is  one  of  the  most  important  constituents  of  wheat,  the  nutritive 
power  of  its  fiour,  and  its  value  as  a  bread-making  material,  should  not  be  altogether 
considered  as  dependent  upon  the  quantity  of  gluten  it  may  contain,  even  though  it 
bo  of  the  best  quality.  Doubtless  a  high  per-centage  of  this  material  is  desirable,  but 
there  ore  other  considerations  which  must  be  taken  into  account;  for,  in  order  to 
become  available  for  making  good  broad,  fiour,  in  addition  to  being  sound  and  genuine, 
must  possess  other  qualities  beyond  containing  merely  a  large  amount  of  gluten. 
Tlius,  for  example,  the  UU  rouge  glaci  d^Auvergne,  which  contains  hardly  45  per  cent, 
of  starch,  and  as  much  as  36  por  cent  of  gluten,  though  admirably  adaptea  for  the 
manufacture  of  macaroni,  vermicelli,  semolina,  and  oUier  pdUs  Jritalie,  is  totally 
unfit  for  making  good  bread ;  the  fiour  used  for  making  best  white  loaves  containing 
only  from  13  to  18  per  cent,  of  gluten,  and  from  60  to  70  per  cent,  of  stuch. 

Bread  is  obtained  by  baking  a  dough,  previously  fermented  either  by  an  admix- 
ture of  yeast  or  ^leaven,  or  it  is  artifidally  rendered  spongy  by  causing  an  acid, 
muriatic  or  tartaric,  to  react  upon  carbonate  or  bicarbonate  of  soda,  or  of  ammonia, 
mixed  in  the  doughy  mass ;  or,  is  in  Dr.  Dauglish's  process,  which  will  be  described 
further  on,  by  mixing  the  fiour  which  has  to  be  converted  into  dough,  not  with 
ordinary  watci,  but  with  water  strongly  impregnated  with  carbonic  add. 

Although  a  history  of  bread  making  cannot  be  given  in  the  present  artide,  a 
few  words  on  the  subject,  reproduced  from  a  former  edition  of  this  work,  will  not  bo 
deemed  uninteresting. 

Pliny  informs  us,  that  barley  was  the  only  spedes  of  com  at  first  used  for  food ;  and 
even  after  the  method  of  redudng  it  to  fiour  had  been  discovered,  it  was  long  before 
mankind  learned  the  art  of  converting  it  into  cakes. 

Ovens  were  first  invented  in  the  East.  Their  construction  was  understood  by  die 
Jews,  the  Greeks,  and  the  Asiatics,  among  whom  baking  was  practised  as  a  distinct 
profession.  In  this  art,  the  Cappadodans,  Lydians,  and  Phcenidans,  are  said  to  have 
particularly  excelled.  It  was  not  till  about  580  years  after  the  foundation  of  Borne 
that  these  artisans  passed  into  Europe.  The  Eoman  armies,  on  their  return  from 
Macedonia,  brought  Gredan  bakers  wdth  them  into  Italy.  As  these  bakers  had 
handmills  besides  their  ovens,  they  still  continued  to  be  c&Wea ptstortSf  from  the  ancient 
practice  of  bmisiuff  the  com  in  a  mortar ;  and  their  bakehouses  were  denominated 
vutoruB,  In  the  time  of  Augustus  there  were  no  fewer  than  329  public  bakehouses 
In  Home ;  almost  the  whole  of  which  were  in  the  hands  of  Greeks,  who  long  con- 
tinued the  only  persons  in  that  dty  acquainted  with  the  art  of  baking  good  bread. 
.  In  nothing,  perhaps,  is  the  wise  and  cautious  policy  of  the  Boman  government  more 
remarkably  displayed  than  in  the  regulations  which  it  imposed  on  the  bakers  within 
the  dty.    To  the  fordgn  bakers  who  came  to  Rr<me  with  the  army  firom  Macedoniai 
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a  number  of  freodmen  were  associated,  forming  together  an  incorporation  firom  which 
neither  Uiey  nor  their  children  could  separate,  and  of  which  even  those  who  married 
the  daughters  of  bakers  wore  obliged  to  become  members.  To  this  incorporation 
were  entrusted  all  the  mills,  utensils,  slaves,  animals,  everything,  in  short,  which 
belonged  to  the  former  bakehouses.  In  addition  to  these,  they  received  considerable 
portions  of  land ;  and  nothing  was  withheld  which  could  assist  them  in  pursuing,  to 
the  best  advantage,  their  highly  prised  labours  and  trade.  The  practice  of  con- 
demning criminalB  and  slaves,  for  petty  offences,  to  work  in  the  bakehouse,  was  still 
continued ;  and  even  the  judges  of  Afinca  were  bound  to  send  thither,  every  five 
years,  such  persons  as  had  incurred  that  kind  of  chastisement  The  bakehouses  were 
distributed  throughout  the  fourteen  divisions  of  the  dty,  and  no  baker  could  ^ass 
from  one  into  another  without  special  permission.  The  public  granaries  were  com- 
mitted to  their  care ;  they  paid  nothing  for  the  com  employed  in  baking  bre84 
that  was  to  be  given  in  lamss  to  the  citizens ;  and  the  price  of  the  rest  was  regu- 
lated by  the  magistrates.  No  com  was  given  out  of  these  granaries  except  for  the 
bakehouses,  and  for  the  private  use  of  the  prince.  The  bakiars  had  besides  private 
granaries,  in  which  they  deposited  the  grain  which  they  had  taken  from  the  public 
ffranaries  for  immediate  use ;  and  if  any  of  them  happened  to  be  convicted  of  having 
diverted  anv  portion  of  the  grain  to  another  purpose,  he  was  condemned  to  ^  ruinous 
fine  of  five  hundred  pounds'  weight  of  ^Id. 

Host  of  these  regulations  were  soon  introduced  among  the  Gauls ;  but  it  was  long 
before  they  found  uieir  way  into  the  more  northem  countries  of  Europe.  Borrichius 
informs  us  that  in  Sweden  and  Norway,  the  only  bread  known,  so  late  as  the  middle 
of  the  16th  century,  was  unleaven  cakes  kneaded  by  the  women.  At  wlmt  period  in 
our  own  history  the  art  of  baking  became  a  separate  profesinon,  we  have  not  been 
able  to  ascertain ;  but  this  profesnon  is  now  common  to  all  the  countries  in  Europe, 
and  theprocess  of  baking  is  also  nearly  the  same. 

The  french,  who  particnlBrly  excel  in  the  art  of  baking,  have  a  great  many  different 
kinds  of  bread.  Their  |Ntif»  (w,  or  brown  bread,  is  the  coarsest  kind  of  all,  and  is  made 
of  coarse  groats  mixed  with  a  portion  of  white  fiour.  The  pain  de  tnkteU  is  a  bread 
made  with  xye  and  barley  fiour,  to  which  wheat  flour  is  sometimes  added  also.  The 
pain  hi$  Uanc,  is  a  kind  of  bread  between  white  and  brown,  made  of  white  flour  and 
fine  groats.  The  pain  hUmCt  or  white  bread,  is  made  of  white  fiour,  shaken  through 
a  sieve  alter  the  mieet  fiour  has  been  separated.  The  pain  moliet,  or  soft  bread,  is 
made  of  the  purest  fiour  without  any  admixture.  The  pain  ohaland,  or  customers' 
bread,  is  a  very  white  kind  of  bread,  made  of  pounded  paste.  Paim  ehapeU,  is  a 
small  kind  of  bread,  with  a  well-beaten  and  very  li^ht  paste,  wiUi  butter  or  milk. 
This  name  is  also  given  to  a  small  bread,  from  which  tne  thickest  crust  has  been 
removed  by  a  rasp.  Pain  eamu  is  a  name  given  by  the  French  bakers  to  a  kind  of 
bread  made  with  four  comers,  and  sometimes  more.  Of  all  the  kinds  of  small  bread 
this  has  the  strongest  and  firmest  paste.  Pain  a  la  reine,  queen's  bread,  pain  a  la 
Sigotne,  pain  chapdi,  and  pain  oomu,  are  all  small  kinds  of  bread,  differing  only  in 
the  lightness  or  thickness  of  the  paste.  Pain  dc  gmau  is  a  small  very  white  bread 
made  now  in  Paris,  f^m  the  flour  separated  after  a  slight  grinding  from  the  best 
wheat.    Such  fiour  is  in  hard  granular  particles. 

Li  England,  however,  we  have  but  few  varieties  of  bread,  the  loaves  known  under 
the  names  of  briokat  Cchvrg^  ccUage^  and  French  roUs,  being  all  made  of  the  same 
dough ;  the  only  difference  is  in  the  shape  given  to  them,  their  various  flavours 
depending  on  the  way  in  which  they  are  affected  by  the  heat  of  the  oven  in  the 
baking.  These  loaves  are  crusted  all  over  because  they  are  deposited  in  the  oven 
separate  from  each  other,  or  baked  in  moulds  made  of  tinned  iron.  The  batch  bread, 
the  more  usual  variety,  is  crusted  only  at  the  top  and  bottom,  because  the  loaves, 
which  have  a  cubic  form,  touch  each  other  in  the  oven ;  those,  however,  which  lie 
round  the  oven  have  a  crust  on  three  of  their  sides.  The  cottage  and  ^nch  rolls 
are  generally  made  of  best  fiour, — ^known  under  the  name  of  whites  ,* — ^but  bateh 
bread  is  made  of  best  fiour  and  of  houeehddSf  or  fiour  of  second  quality,  and  of 
seconds,  which  is  flour  of  a  third  quality— that  is,  of  flour  containing  more  bran  than 
the  othw  kinds  just  enumerated. 

We  have  also  'rye  bread,'  which  is  generally  made  of  nothing  else  than  ordinary 
wheat  flour  and  bran. 

Br.  Tire,  in  the  former  edition  of  this  Dictionary,  truly  remarked,  '  The  object 
of  baking  is  to  combine  the  gluten  and  stardi  of  the  flour  into  a  homogeneous  sub- 
stance, and  to  excite  such  a  vinous  fermentative  action,  bv  means  of  its  saccharine 
matter,  as  shall  disengage  abundance  of  carbonic  acid  gas  in  it  for  making  an  agree- 
able, soft,  succulent,  spongy,  and  easily  digestible  bread.  The  two  evils  to  be  avoided 
in  baking  are,  hardness  on  the  one  hand  and  pastiness  on  the  other.  Well-made 
bread  it  a  diemical  compound,  in  which  the  gluten  and  starch  cannot  be  recognised 
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or  sepaiated,  ait  before,  by  a  stream  of  water.  When  flour  is  kneaded  into  a  dough, 
and  spread  into  a  oake,  this  cake,  when  baked,  will  be  homy  if  it  be  thin,  or  if  thick, 
will  be  tough  and  clanuny ;  whence  we  see  the  yalue  of  that  fermentative  process, 
which  generates  thousands  of  little  cells  in  the  mass  or  crumb,  each  of  them  dry  yet 
tender  and  succulent  through  the  intimate  combination  of  the  moisture.  By  this  con- 
stitution it  becomes  easily  soluble  in  the  juices  of  the  stomach,  or,  in  other  words, 
light  of  digestion.  It  is,  moreover,  much  loss  liable  to  turn  sour  than  cakes  made  from 
unferment^  dough. 

*  Bye,  which  also  forms  a  true  qpongy  bread,  though  inferior  to  that  of  wheat,  oonsisto 
of  similar  ingredients — namely,  61*07  of  starch,  9*48  of  gluten,  8*28  of  vegetable 
albumen,  8'28  of  unorystallisable  sugar,  11*09  of  gum,  6*8^  of  vegetable  fibre;  the 
loss  upon  the  100  parts  amounted  to  6*62,  induding  an  acid  whose  nature  the  analyst 
M.  Einhof,  did  not  determine.  Bye  fiour  contains  also  several  salts,  principally  the 
phosphates  of  lime  and  magnesia.  This  kind  of  grain  forms  a  dark  oioloured  bread, 
reckoned  very  wholesome ;  comparatively  little  used  in  this  country,  but  very  much 
in  France,  Germany,  and  Belgium. 

'3>ougfa,  fermented  with  the  aid  either  of  leaven  or  yeast,  contains  little  or  none  of 
the  sacdiarine  matter  of  the  flour,  but,  in  its  stead,  a  certain  portion,  nearly  half  its 
weight,  of  spirit,  wliich  imparts  to  it  a  vinous  smell,  and  is  volatilised  in  the  oven, 
whence  it  mi^ht  be  condensed  into  a  crude,  weak  alcohol,  on  the  plan  of  Mr.  Hick's 
patent,  were  it  worth  while.  But  the  increased  comj^ezity  of  the  baking  apparatus 
will  probably  prove  an  efibctual  obstacle  to  the  commercial  success  of  3us  project, 
upon  which  a  few  years  ago  upwards  of  20,000/.  sterling  were  foolishly  squandered. 

'That  the  sugar  of  we  nour  is  the  true  element  of  the  fermentation  which 
dough  undergoes,  and  that  the  starch  and  gluten  have  nothing  to  do  with  it,  mav  be 
proved  bv  decisive  experiments.  The  vinous  fermentation  continues  till  the  whole 
sugar  is  oecomposed,  and  no  longer ;  when,  if  the  process  be  not  checked  by  the  heat 
of  baking,  the  acetous  fermentation  will  supervene.  Therefore,  if  a  little  sugar  be 
added  to  a  flour  which  contains  little  or  ncme,  its  dough  will  become  susceptible  of 
fermenting,  with  extrication  of  gas,  so  as  to  make  spongy  succulent  bread.  But 
since  this  sponginess  is  produced  solely  by  the  extrication  of  gas  and  its  expansion 
in  the  heat  of  the  oven,  any  substance  capable  of  emitting  gas,  or  of  being  converted 
into  it  under  these  drcumstanoes,  will  answer  the  same  purpose.  Were  a  solution  of 
bicarbonate  of  ammonia  obtained  by  exposing  the  common  seequicarbonate  in  powder 
for  a  day  to  the  air,  incorporated  with  the  dough,  in  the  subsequent  firing  it  will  be 
converted  into  vapour,  and,  in  its  extrication,  render  the  bread  very  porous.  Nay,  if 
water  highly  impregnated  with  carbonic  acid  gas  be  used  for  kneading  the  dough,  the 
resulting  bread  wiU  be  somewhat  spongy.  Gould  a  light  article  of  food  be  preiKtred 
in  this  way,  then,  as  the  sugar  would  remain  undecomposed,  the  broad  would  be  so  much 
the  sweeter  and  the  more  nourishing.  How  £ur  a  change  propitious  to  digestion  takes 
place  in  the  constitution  of  the  stiurch  and  gluten  during  the  fermentative  action  of 
the  dough  has  not  been  hitherto  ascertained  by  precise  experiments. 

'  I>r.  Colquhoun,  in  his  able  essay  upon  the  art  of  making  bread,  has  shown  that  its 
texture,  when  prepared  by  a  sudden  formation  and  disengagement  of  elastic  fluid 
generated  within  Uie  oven,  differs  remarkably  &om  that  <^  a  loaf  which  has  been 
made  aftw  the  preparatory  fermentation  with  yeast  Bread  which  has  been  raised 
with  the  common  carbonate  of  ammonia,  as  used  bv  the  pastzycooks,  is  porous  no 
doubt,  but  not  spongy  with  vesicular  spaces,  like  that  made  in  the  ordinary  way. 
Tlie  fbrmer  kind  of  bread  never  presents  that  air-cell  stratification  which  is  the  boast 
of  the  Parisian  baker,  but  which  is  almost  unknown  in  London.  It  is,  moreover, 
very  difficult  to  expel  bv  the  oven  the  last  portion  of  the  ammonia,  which  g^ves  both 
a  tinge  and  a  taste  to  the  bread.  The  bicarbonate  would  probably  be  free  from  this 
objection,  which  operates  so  much  against  the  use  of  the  sesquicarbonate.' — Ure, 

The  conversion  of  fiour  into  bread  includes  two  distinct  operations :  namely,  the 
preparation  of  the  dough  and  the  baking.  The  preparation  of  the  dough,  however, 
though  reckoned  as  one,  consists,  in  fact^  of  three  operations:  namely,  hydraiinff, 
kneading t  e^dfermmtinff. 

When  the  baker  intends  to  make  a  batch  of  bread,  his  first  care  is,  in  technical 
language,  to  stir  a  ferment.  This  is  done,  in  Ixmdon,  by  boiling  a  few  potatoes,  in  the 
proportion  of  5  lbs.  or  6  lbs.  of  potatoes  per  sack  of  fiour  (which  is  the  quantity  we 
shall  assume  it  is  desired  to  convert  into  bread),  peeling  them,  mashing  and  straining 
them  through  a  cullender,  and  adding  thereto  about  three-quarters  of  a  pailful  of 
water,  2  or  8  lbs.  of  fiour,  and  one  quart  of  yeast.  The  water  employed  need 
not  be  warmed  beforehand,  for  the  heat  of  the  potatoes  is  sufficient  to  impart  a 
proper  temperature  (from  70°  to  90°  F.)  to  the  liquid  mass,  which  should  be  well  starred 
up  with  the  hand  into  a  smooth,  thin,  and  homogeneous  paste,  and  then  left  at  restb 

In  the  course  of  an  hour  or  two,  the  mass  is  soon  to  rise  and  fall,  which  swelling 
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and  heaving  up  is  due  to  carbonic  add,  generated  by  the  fermentisition  induced  in  the 
mass,  which  may  be  thus  left  until  -wanted.  In  about  three  hours,  this  fermenting 
action  -will  appear  to  be  at  an  end,  and  when  it  has  arrived  at  that  stage,  it  is  fit 
to  be  used.  tLq  ferment,  however,  mav  be  left  for  six  or  seven  hours  and  be  still 
very  good  at  the  end  of  that  time,  but  the  common  practice  is  to  use  it  within  four  or 
five  hours  after  its  preparation.    After  this  the  ferment  rapdly  becomes  sour. 

The  next  operation  consists  in  '  setting  the  tponge.*  This  consists  in  stirring  the 
ferment  well,  adding  thereto  about  two  gallons  of  lukewarm  water,  and  as  much  flour 
as  vill  make,  with  me  ferment,  a  rather  stiff  dough.  This  constitutes  '  the  eponge* 
It  is  kept  in  a  warm  situation,  and  in  the  course  of  about  an  hour  fermentation  again 
be^ns  to  make  its  appearance,  the  mass  becomes  distended  or  is  heaved  up  by  the 
canxmio  acid  produced,  the  escape  of  which  is  impeded  bv  the  toughness  of  the  mass. 
This  carbonic  add  is  the  result  of  the  fermentation  induced  imder  the  influence  of 
water,  b^  the  action  of  the  gluten  upon  the  starch,  a  portion  of  which  is  converted 
thereby  into  sugar,  and  then  into  atoohoL  A  time,  however,  soon  comes  when  the 
quantity  of  carbraio  add  thus  pent  up  becomes  so  great  that  it  bursts  through,  and  the 
sponge  collapses  or  drops  down.  Tms  is  called  ihefiret  sponge.^-^'RxA  as  the  fermen- 
tation is  still  going  on,  the  carbonic  add  soon  causes  the  sponge  to  rise  again  as  before 
to  nearly  twice  its  volume,  when  the  carbonic  add,  bursting  through  the  mass,  causes 
it  to  &11  a  second  time ;  and  this  constitutes  what  the  bakers  call  the  seoond  aponye.  The 
ridn^  and  falling  might  then  go  on  for  twenty-four  hours ;  but  as  the  aloohohc  would 
pass  into  the  acetous  fermentation  soon  after  the  second  rising,  the  baker  always  inter- 
feres after  the  second,  and  very  frequently  after  the  first  sponge.  The  bread  made  from 
the  first  sponge  is  generally  sweeter ;  but  unless  the  best  fiour  is  used,  and  even  then, 
the  loaf  that  is  made  from  it  is  smaller  in  size  and  more  compact  than  that  which  is  made 
with  the  second  eponge.  In  hot  weather,  however,  as  theru  would  be  much  danger  of 
the  bread  turning  sour,  if  the  sponge  were  allowed  to  '  take  a  second  faU^^  the  first 
sponge  is  frequently  used.  The  next  process  consists  in  '  breaking  the  sponge*  which  is 
done  by  adding  to  it  the  necessary  quantity  of  water  and  of  salt, — ^the  quantity  of  the 
latter  substance  varying  from  1  lb.  to  f  of  a  pound  per  bushel  of  fiour ;  that  is,  from 
2^  lbs.  to  3}  lbs.  per  sack  of  fiour  (new  fiour,  or  fiour  of  inferior  quality,  alwavs 
requires,  at  the  very  least,  8^  lbs.  per  sack,  to  Hand  U^  that  is  to  say,  to  render  the 
dough  suffidently  firm  to  support  itself  while  fermenting.)  Salt  acts,  to  a  great 
extent,  like  alum,  though  not  so  powerfully.  As  to  the  quantity  of  water  to  be  used, 
it  depends  also  a  great  deal  on  the  quality  of  the  fiour,  the  best  quality  absorbing 
most ;  though,  as  we  shall  have  occasion  to  remark,  the  baker  too  dften  contrives  to 
force  and  keep  into  bread  made  from  inferior  flour,  by  a  process  called  vnder  baking, 
the  same  amount  of  water  as  is  normally  taken  up  by  that  of  the  best  quality.  Gene- 
rally speaking,  and  with  flour  of  good  ayerage  quality,  the  amount  of  water  is  such, 
that  the  diluted  sponge  forms  about  14  gallons  of  liquid.  The  whole  mass  is  then 
torn  to  pieces  by  the  hand,  so  as  to  break  any  lumps  that  there  may  be,  and  mix  it 
up  thoroughly  with  the  water.  This  being  done,  the  rest  of  the  sack  of  flour  is 
gradually  adoed  and  kneaded  into  a  dough  of  the  proper  consistency.  This  knead- 
ing of  the  dough  may  be  said  to  be  one  of  the  most  important  processes  of  the 
manufacture,  since  it  not  only  produces  a  more  complete  hydration  of  the  flour,  but, 
by  imprisoning  a  certain  quantity  of  air  within  the  dough,  and  fordbly  bringing  into 
closer  contact  the  molecules  of  Uie  yeast  <»  leaven  with  the  sugar  of  the  floor,  and 
also  with  a  portion  of  the  starch,  the  fermentation  or  rising  cdT  the  whole  mass,  on 
which  the  sponginess  of  the  loaf  and  its  digestibility  subsequently  depend,  is  secured. 
When  by  forcing  the  hand  into  the  dough,  the  biULer  sees  that,  on  withdrawing  it, 
none  of  the  dough  adheres  to  it,  he  knows  that  the  kneading  is  completed.  The  dcmgh 
is  then  allowed  to  remain  in  the  trough  for  about  an  hoor  and  a  half  or  two  hours, 
if  dther  brewer^  or  German  yeast  have  been  employed  in  making  the  sponge ; — ^if,  on 
the  contrary,  patent  yeast  or  hop  yeast  have  been  used,  three  or  even  four  hours  may  be 
required  for  the  dough  to  rise  u^j,  or,  as  in  technical  language,  to  give  proqf.  When  the 
dough  is  suffidently  ^proofed^  it  is  weighed  of  into  lumps,  shaped  into  the  proper 
forms  of  4  lbs.  4  oz.  each,  and  exposed  for  about  one  hour  in  an  oven  to  a  tempe- 
rature of  about  670®  F.,  the  heat  gradually  falling  to  480  or  420**  F.  The  yield  after 
baking  is  94  quartern  (not  4-lb.)  loaves,  or  from  90  to  92  really  41b.  loaves,  as  large 
again  as  they  were  when  put  into  the  oven  in  the  shape  of  dough. 

The  manner  in  which  yeast  acts  upon  the  flour — ^is,  as  yet^  an  unsolved  mystery, 
or  at  any  rate  an,  as  yet,  unsatisfactorily  explained  action ;  for  Uie  term  *  catalysis,' 
which  has  sometimes  been  applied  to  it,  explains  absolutely  nothing. 

A  yeast,  or  fermenting  material,  may  be  prepared  in  various  ways ;  but  only  three 
kinds  of  yeast  are  used  by  bakers :  namely,  brewers'  yeast,  or  barm,---German  yeast, 
— and  patent,  or  hop  yeast. 

The  most  active  of  these  ferments  is  the  first,  or  brewers'  yeast;  it  is,  as  is  well 
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known,  a  frothy,  thickish  material,  of  a  brownish  or  drab  oolonr,  which,  when  recent, 
is  in  a  state  of  slight  effervescence,  exhales  a  sour  characteristic  odour,  and  has  an 
add  reaction. 

When  viewed  through  the  microscope,  it  is  seen  to  consist  of  small  globules  of  vari- 
ous size,  generally  egg-shaped.    They  were  first  described  by  M.  Deemayitees. 

The  best^  and  in  &ct  the  only,  brewers'  yeast  used  in  bread-making  is  that  firom  the 
ale  breweries ;  porter  yeast  is  unavailable  for  the  purpose,  because  it  imparts  to  the 
bread  a  disagreeable  bitter  taste. 

German  yeaat  is  very  extensively  used  by  bakers.  It  is  a  pasty  but  easily  crumbled 
mass,. of  an  agreeable  fruity  odour,  and  or  a  dingy  white  colour.  German  yeast  will 
remain  good  for  a  few  weeks,  if  kept  in  a  cool  place.  When  in  good  condition,  it  is  an 
excellent  article ;  but  samples  of  it  are  occasionally  seized  on  bakers*  premises,  of  a 
darker  colour,  viscid,  ana  emitting  an  offensive  cheesy  odour :  such  Qerman  yeast, 
being  in  a  putrefied  state,  is,  of  course,  objectionable. 

The  so-called  *  patent  yea&V  is  the  cheapest  and  at  the  same  time  the  weakest  of 
these  ferments ;  very  good  bread,  however,  is  made  with  it,  and  it  is  most  extensively 
used  by  bakers.  It  is  made  either  with  or  without  hops:  when  with  hops,  it  is 
called  Iwp  yeasty  and  is  nothing  more  than  a  decoction  of  hops  to  which  malt  is  added 
while  in  a  scalding  hot  state ;  when  the  liquor  has  fallen  to  a  blood  heat,  a  certain 
quantity  of  brewers'  or  German  yeast  is  thoroughly  mixed  with  it,  and  the  whole  \^ 
left  at  rest.  The  use  of  the  hops  is  intended  to  diminish  the  tendency  of  this  solution 
to  become  acid. 

ToUito  yeoit  is  a  kind  of '  patent  yeast  *  in  general  use.    See  Ybast. 

The  theory  of  jMiniflcation  is  not  difficult  of  comprehension.  *  The  flour,'  says 
Br.  Ure,  <owes  this  valuable  quality  to  the  gluten,  which  it  contains  in  greater 
abundance  than  any  of  the  other  0erealia  (kinds  of  com).  This  substance  does  not 
constitute,  as  has  been  heretofore  imagined,  the  membranes  of  the  tissue  of  the 
perisperm  of  the  wheat ;  but  is  enclosed  in  cells  of  that  tissue  under  the  epidermic 
coats,  even  to  the  centre  of  the  grain.  In  this  respect  the  gluten  lies  in  a  situation 
analogous  to  that  of  the  starch,  and  of  most  of  the  immediate  principles  of  the  vege- 
tables. The  other  immediate  principles  which  play  a  part  in  panifioation  are  par- 
ticularly the  starch  and  the  sugar ;  and  they  all  operate  as  follows: — 

'  The  diffiision  of  the  flour  through  the  water  kydratea  the  starch,  and  dissolves  the 
sugar,  the  albumen,  and  some  other  soluble  matters.  The  kneading  of  the  dough,  by 
completing  these  reactions  through  a  more  intimate  union,  &vours  also  the  fer- 
mentation of  the  sugar,  by  bringing  its  particles  into  dose  contact  with  those  of  the 
leaven  or  yeast ;  gu^  the  drawing  out  and  laminatingthe  dough  softens  and  stratifies  it, 
introdudnff  at  the  same  time  oxygen  to  aid  the  fermentation.  The  dough,  when 
.distributed  and  formed  into  loaves,  is  kept  some  time  in  a  gentie  warmth,  in  the  folds 
of  the  doth,  pans,  &c.,  a  circumstance  propitious  to  the  development  of  their  volume 
by  fermentation.  The  dimensions  of  ^  tne  lumps  of  d(mgh  now  gradually  enlarge, 
from  the  disengagement  of  carbonic  add  in  the  decomposition  of  the  su^,  which  gEts 
is  imprisoned  by  the  glutinous  paste.  Were  these  phenomena  to  continue  too  long; 
the  dough  wotdd  become  too  vesicular;  they  must,  therefore,  be  stopped  at  the 
proper  point  of  sponginess,  by  placing  the  loaf  lumps  in  the  oven.  Though  this 
causes  a  sudden  expansion  of  the  endosed  gaseous  globules,  it  puts  an  end  to  tiie  fer- 
mentation, and  to  their  growth ;  as  also  evaporates  a  portion  or  the  water. 

*  The  fermentation  of  a  small  dose  of  sugar  is,  therefore,  essential  to  tame  bread  making ; 
but  the  quantity  actually  fermented  is  so  small  as  to  be  almost  inappreciable.  It  seems 
pobable  that  in  well-made  dough  the  whole  carbonic  add  that  is  generated  remains  in 
it,  amounting  to  one-half  the  volume  of  the  loaf  itself  at  its  baking  temperature,  or 
212°  F.  It  thence  results  that  less  than  one-hundredth  part  of  the  weight  of  the  flour 
is  all  the  sugar  requisite  to  produce  well-raised  bread. 

'  Although  the  rising  of  the  dough  is  determined  by  the  carbonic  add  resulting  from 
the  docompodtion  of  we  sugar,  produced  by  the  reaction  of  the  gluten  on  hydrated 
or  moist  flour,  couddering  tJiat  the  quantity  of  sugar  necessary  to  produce  fer- 
mentation does  not  amount,  probably,  to  more  than  one-hundredth  part  of  the  weight 
of  the  flour  employed,  and  perhaps  to  even  oondderably  less  than  that, — the  saving 
and  economy  imidi  are  said  to  accrue  to  the  consumer  from  the  use  of  unfermented 
bread  (whicn  is  bread  in  which  the  action  of  yeast  is  replaced  by  an  artificial  evo- 
lution of  carbonic  add,  by  decompodng  bicarbonate  of  soda  with  muriatic  add,  as  we 
said  before)  is  therefore  mudi  below  mat  it  has  been  estimated  (26  percent. !)  by  some 
writers;  and  is\!ertainly  very  far  from  compensating  for  the  various  and  serious 
^brawbacks  which  are  peculiar  to  that  kind  of  bread,  one  of  which — and  it  is  not  the 
least— is  its  indigestibility,  notwithstanding  all  that  may  have  been  said  to  the 
contrary. 

*  In  a  pamphlet*  entiUed,  <'  Instructions  for  making  Unfermented  Bread,  by  a  Pby- 
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sician,"  publishod  in  1846,  tho  formula  recommended  for  bread  made  of  wheat  meal 
is  as  follows : — 

Wheat  meal    ....    3  lbs.  aToirdapois. 

Bicarbonate  of  soda  .    4|  draohms  troy. 

Shrdrochloric  acid.  .  .5  fluid  drachms  and  25  minims,  or  drops. 

Water 30  fluid  ounces. 

Salt j  of  an  ounce  troy* 

*  Bread  made  in  this  manner/  says  the  author,  '  contains  nothing  but  flour,  com- 
mon salt,  and  water.  It  has  an  agreeable,  natural  taste,  keeps  much  longer  than 
common  bread,  is  imtch  more  digestible,  and  much  less  disposed  to  turn  add,'  &c 

Liebig,  in  his  'Letters  on  Chemistry,'  yeipr  judiciously  remarks,  'that  the  inti' 
mate  mixture  of  the  saliva  with  the  bread,  whilst  masticating  it,  is  a  condition  which 
is  fayourable  to  the  rapid  digestion  of  the  starch ;  wherefore  the  porous  state  of  the 
flour  in  fermented  bread  accelerates  its  digestion.' 

Now,  it  is  a  fact,  which  can  be  readily  ascertained  by  anyone,  that  unfermented 
bread  is  permeated  by  fluids  with  difficulty.  It  wiU  not  absorb  water,  hence  its 
heavy  and  dammy  feel ;  nor  saliya,  hence  its  indigestibleness ;  nor  milk,  nor  butter. 
Unfermented  bread  will  neither  make  soup,  nor  toast,  nor  poultice.  When  a  slice  of 
ordinary  bread  is  held  before  a  bright  fire,  a  portion  of  the  moisture  of  the  'bread,  as 
the  latter  becomes  scorched,  is  conyerted  into  steam,  which  penetrates  the  interior  of 
the  mass,  and  imparts  to  it  the  sponginess  so  well  known  in  a  toast  properly  made ; 
but  if  a  piece  of  unfermented  bread  be  treated  in  the  same  manner,  the  steam  pro- 
duced by  the  moisture,  not  being  able  to  penetrate  the  unabsorbent  mass,  eyaporates, 
and  the  result  is  an  uninyiting  slice,  toasted,  but  hard  inside  and  out,  and  into  which 
butter  penetrates  about  to  the  same  extent  as  it  would  a  wooden  dab  of  the  same 
dimenaons. 

'  Fermentation,'  says  Liebig,  *  is  not  only  the  best  and  simplest,  but  likewise 
the  most  economical  way  of  imparting  porosity  to  bread ;  and  besides,  chemiste,  gene^ 
raUy  speaking,  should  never  recommend  the  use  of  chemicals  for  ouUnary  prmarations^ 
for  chemicais  are .  seldom  met  with  in  commerce  in  a  state  of  pnnty.  Thus,  for 
example,  the  muriatic  add  which  it  has  been  proposed  to  mix  with  carbonate  of  soda 
in  bread  is  always  very  imfpure,  and  very  often  contains  arseme.  Chemists  neyer 
employ  such  an  add  in  operations  which  are  certainly  less  important  than  the  one 
just  mentioned,  without  haying  first  purified  it.' 

In  order  to  remove  this  ground  of  objection,  tartaric  add  has  been  recommended 
instead  of  muriatic  add  for  the  purpose  of  deoompodng  the  carbonate  <^  soda ;  but 
in  that  way,  another  unsafe  compoimd  is  introduced,  since  the  result  of  the  reaction  is 
tartrate  of  soda,  a  diuretic  aperient,  and  consequently  very  o^ectionable  salt,  for  it  is 
imposdble  to  say  what  mischief  the  continuous  ingestion  of  such  a  substance  may 
eyentnally  produce ;  and  whatever  may  be  the  divergence  of  opinion, — ^if  there  be  such 
a  divergence, — as  to  whether  or  not  the  constant  use  of  an  aperient,  however  mild,  may 
be  detrimental  to  health,  it  surely  must  be  admitted  that,  at  any  rate,  it  is  better  to 
eschew  such,  to  say  the  least  of  it,  suspidous  materials ;  and  that,  at  any  rate,  if 
deprecating  their  use  be  an  error,  it  is  an  error  on  the  safe  side ; — after  all,  a  bake- 
house is  not  a  chemical  laboratory. 

Before  leaving  this  question  of  unfermented  bread,  wo  must  not  omit  to  speak  of  a 
remarkable  process  invented  by  Dr.  Dauglish,  and  which  has  lately  excited  some 
attention.  Without  discussing  the  value  of  the  idea  which  is  said  to  have  led  Br. 
Dauglish  to  invent  the  process  in  (question,  we  shall  simply  describe  Dr.  Dauglish's 
method  of  making  bread,  and  give  his  own  version  of  its  benefits : — 

'  Taking  advantage  of  the  well-known  capadby  of  water  for  absorbing  carbonic 
add,  whatever  its  density,  in  quantities  equied  to  its  own  bulk,  I  first  prepare  the 
water  which  is  to  be  used  in  forming  the  dough,  by  pladzig  it  in  a  strong  vessel 
capable  of  bearing  a  high  pressure,  and  forcing  carbonic  add  into  it  to  the  extent 
of  say  ten  or  twelve  atmospheres '  (about  160  to  180  lbs.  per  square  inch) ;  '  this  the 
water  absorbs  without  any  appredable  increase  in  its  bulk  Tne  water  so  prepared 
will  of  course  retain  the  carbonic  add  in  solution  so  long  as  it  is  retained  in  a  dosa 
vessel  under  the  same  pressure.  I  therefore  place  the  fiour  and  salt,  of  which 
the  dough  is  to  be  formed,  also  in  a  close  vessel  capable  of  bearing  a  high  pressure. 
Within  this  vessel,  which  is  of  a  spheroidal  form,  a  simply-constaructed  kneading 
apparatus  is  fitted,  worked  firom  without  throu^  a  closely-|)acked  stuffing  box.  Into 
this  vessel  I  force  an  equal  pressure  to  that  which  is  maintained  on  the  aerated  water- 
vessel  ;  and  then,  by  means  of  a  pipe  connecting  the  two  vessels,  I  draw  the  water 
into  Uie  flour,  and  set  the  kneading  apparatus  to  work  at  the  same  time.  By  this 
arrangement  the  water  acts  simply  as  limpid  water  among  the  flour,  the  flour 
and  water  are  mixed  and  kneaded  together  into  paste,  and  to  such  an  extent  as  shall 
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give  it  the  necessary  tenacity.  After  tliis  is  aocomplislied  the  pressure  is  released,  tha 
gas  escapes  from  the  water,  and  in  doing  so  raises  the  dongh  in  the  most  beautiful  and 
expeditious  manner.  It  will  be  quite  unnecessary  for  me  to  point  out  how  iperfect 
must  be  the  mechanical  structure  that  results  from  this  method  of  raising  dough.  In 
the  first  place,  the  mixing  and  Imeading  of  the  fiour  and  water  together,  before  any 
vesicular  property  is  imparted  to  the  mass,  render  the  most  complete  incorporation 
of  the  flour  and  water  a  matter  of  Tery  easy  accomplishment ;  and  this  being  secured, 
it  is  evident  that  the  gas  which  forms  the  vesicle,  or  sponge,  when  it  is  releaised,  must 
be  dispersed  through  the  mass  in  a  manner  which  no  other  method — ^fermentatioD  not 
excepted— could  accomplish.  But  besides  the  advantagjes  of  kneading  the  dough 
before  the  vesicle  is  formed,  in  the  manner  above  mentioned,  there  is  another,  and 
perhaps  a  more  important  one,  from  what  it  is  likely  to  effect  by  giving  scope  to  the 
introduction  of  new  materials  into  bread  making, — and  tiiat  is,  I  find  that  poweifiil 
machine-kneading,  continued  for  several  minutes,  has  the  effect  of  dmpartdn^  to  the 
dough  tenacity  or  toughness.  In  Messrs.  Carr  and  Co.'s  machine,  at  Carlisle,  we 
have  kneaded  some  wheaten  dough  for  half  an  hour,  and  the  result  has  been  that  the 
dough  has  been  so  toudb,  that  it  resembled  birdlime,  and  it  was  with  difficulty  ]pulled 
to  pieces  with  the  handT  OtJier  materials,  such  as  rye,  barley,  &c  are  affected  in  the 
same  manner.  So  that  by  thus  kneading,  I  am  able  to  impart  to  dough  made  £K>m 
materials  which  otherwise  would  not  make  light  bread,  from  their  wanting  that 
quality  in  their  gluten  whi(^  is  capable  of  holding  or  retaining,  the  same  degree  of 
bghtness  which  no  other  method  is  capable  of  effecting.  And  I  am  sanguine  of  being 
able  to  make  from  rye,  barley,  oatmeal,  and  other  wholesome  and  nutritious  sub- 
stances, bread  as  light  and  sweet  as  the  finest  wheaten  bread*  One  reason  why  my 
process  makes  a  bread  so  different  from  all  other  processes  where  fermentation  is  not 
followed  is,  that  I  am  enabled  to  knead  the  bread  to  any  extent  without  spoiling  its 
vesicular  property;  whilst  all  other  unfermented  breads  are  merely  Tnixed,  not 
kneaded.  The  property  thus  imparted  to  my  bread  by  kneading,  renders  it  less 
dependent  on  being  placed  immediately  in  the  oven.  It  certainly  cannot  ^am  by  being 
allowed  to  stand  after  the  dough  is  formed,  but  it  bears  well  the  necessary  standing 
and  waiting  required  for  preparing  the  loaves  for  baking. 

*  There  is  one  point  wmch  requires  care  in  mv  process,  and  that  is, — the  haJamg:  as 
the  dough  is  excessively  cold ;  fi^st,  because  cold  water  is  used  in  the  process ;  and  next, 
because  of  its  sudden  expansion  on  rising.  It  is  thus  placed  in  the  oven  some  40^ 
Fahr.  in  temperature  lower  than  the  ordinary  fermented  bread.  This,  together  with 
its  slow  springing  until  it  reaches  the  boiling  point,  renders  it  essential  that  the  top 
crust  shall  not  be  formed  until  the  very  last  moment.  Thus,  I  have  been  obliged  to 
have  ovens  constructed  which  are  heated  through  the  bottom,  and  are  famished  with 
the  means  of  regulating  the  heat  of  the  top,  so  that  the  bread  is  cooked  through  the 
bottom;  and,  just  at  the  last,  the  top  heat  is  put  on  and  the  top  crust  formed. 

'  With  regard  to  the  gain  effected  by  saving  the  loss  by  fermentation,  I  may  state ' 
what  must  be  evident,  that  the  weight  of  the  dough  is  alwajB  exactly  the  sum  of 
the  weight  of  fiour,  water,  and  salt  put  into  the  mixing  vessel :  and  that,  in  all  our 
experiments  at  Carlisle,  we  invariably  made  118  loaves  from  the  same  weight  of  fiour 
which  by  fermentation  made  only  105  and  106.  Our  advantage  in  gain  over  fer- 
mentation can  only  be  equal  to  the  lose  by  fermentation.  As  there  has  been  consider- 
able difference  of  opinion  among  men  <Mf  science  with  respect  to  the  amount  of  this 
loss — some  stating  it  to  be  as  high  as  17i  per  cent,  and  others  so  low  as  1  per  cent.-^ 
I  will  here  say  a  few  words  on  the  subject.  Those  who  have  stated  the  loss  to  be  as 
high  as  17i  per  cent,  have,  in  support  of  their  position,  pointed  to  the  extra  yield  from 
the  same  fiomr  of  bread  when  made  by  non-fermentation,  compared  with  that  made 
by  fermentation.  Whilst  those  who  have  opposed  this  assertion,  and  stated  the  loss  to 
be  but  1  per  cent,  or  little  more,  have  declared  the  gain  in  weight  to  be  simply  a 
gain  of  extra  water,  and  have  based  their  calculations  of  loss  on  the  destruction  of 
material  caused  by  the  generation  of  the  necessary  quantity  of  carbonic  acid  to  render 
the  bread  light.  Starting  then  with  the  assumption  that  light  bread  contains  in  bulk 
half  solid  matter  and  half  aeriform,  thev  have  calculated  that  this  quantitnr  of  aSriform 
matter  is  obtained  by  a  destruction  of  but  one  per  cent,  of  solid  matenaL  In  this 
calculation  the  loss  of  carbonic  acid,  by  its  escape  through  the  mass  of  dough  during 
the  process  of  fermentation  and  manu&ctore,  does  not  appear  to  have  been  taken  into 
account  All  who  have  been  in  any  way  practically  connected  with  bakeries  wdl 
know  how  large  this  loss  is,  and  how  important  it  is  tJiat  it  should  be  taken  into 
account,  that  our  calculations  may  be  correct 

'  One  of  the  strongest  proofs  that  the  escape  of  gas  through  ordinary  soft  bread 
dough  iS  very  large  arises  from  the  fact,  that  when  biscuit  dough,  in  which  there  is  a 
mixture  of  fatty  matter,  is  prepared  by  my  process,  about  half  the  quantity  of  gas 
only  is  needed  to  obtain  an  equal  amount  oiUghtnesa  with  dough  that  is  made  of  fiour 
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and  "water  only,  the  faUy  matter  acting  to  preyent  the  escape  of  gas  from  Uie  dough. 
Other  matters  -will  operate  in  a  similar  manner — ^boiled  fionr,  for  instance,  added  in 
small  quantities.  Bat  the  assumption  that  light  bread  is  only  half  aeriform  matter  is 
altogetiier  erroneous.  Kever  before  has  there  been  so  complete  a  method  of  testing 
what  proportion  the  aeriform  bears  to  the  solid  in  light  bread  as  that  which  my  pro- 
cess a£S>ras.  The  mixing  ressel  at  Messrs.  Oair  and  Oo.'s  works,  Carlisle,  has  an 
internal  capacity  of  ten  bushels.  When  3^  bushels  of  flour  are  put  into  this  yeesel, 
and  focmed  into  spongy  bread  dough,  by  my  process,  it  is  quite  fim.  And  when  flour 
is  mixed  with  water  into  'paste,  the  paste  measures  rather  less  than  half  the  bulk  of 
the  original  dry  flour.  This  will,  therefore,  represent  about  1}  bushel  of  »oUd  matter 
ei^>an£d  into  10  bushels  of  spongy  dou^,  showing  in  the  dough  nearly  6  porta  fUri- 
form  to  1  solid;  and  in  all  instances,  if  £e  baking  of  this  dou^  has  not  been  accom- 
plished so  as  to  secure  the  loaves  to  *  spring '  to  at  least  doitble  their  size  in  the  oren, 
they  haye  always  come  out  heavy  breaa  when  compared  with  the  ordinary  fermented 
loaves.  This  gives  the  relative  proportion  of  aeriform  to  solid  in  light  bread  at  least 
as  10  to  1,  and  at  once  raises  the  loss  by  fermentation  &om  1  to  10  per  cent.,  without 
taking  into  account  the  loss  of  gas  by  its  passage  through  the  mass  of  dough. 

<  Of  the  quality  and  properties  of  the  bread  manufactured  by  my  process,  there  will 
shortly  be  ample  means  of  judging.  I  may  be  allowed,  however,  here  to  state,  what 
will  be  evident  to  all,  that  the  absence  of  everything  but  flour,  water,  and  salt,  must 
render  it  absolutely  pure ; — ^that  its  sweetness  cannot  be  equalled,  except  by  bread  to 
which  sweet  materials  are  superadded ;— that,  unlike  all  other  imfermented  bread,  it 
makes  excellent  toast ;  and,  on  account  of  its  high  absorbent  power,  it  makes  the 
most  delicious  sop  paddings,  &c,  and  also  excellent  poultice.  Sop  pudding  and  poul- 
tice made  ficom  this  bread,  however,  differ  somewhat  from  those  made  &om  fermented 
bread,  in  being  scmiewhat  richer  or  more  glutinous.  This  arises  £com  the  £eu;t  of  the 
gluten  not  having  been  changed,  or  rendered  soluble,  in  the  manner  caused  by  fer- 
mentation ;  but  that  this  is  a  good  quality  rather  than  a  bad  one  is  evident  from  the 
£&ct,  that  the  richer  and  purer  fermented  bread  is,  the  more  glutinous  are  the  sop,  &&, 
made  from  it ;  aUd  the  poorer  and  more  adulterated  with  alum  it  is,  the  freer  the  sqp^ 
te,  are  of  this  quali^/ 

Such  then  is  X>r.  JDangHsh's  plan;  and  it  is  impossible  to  deny  that  it  possesses 
gnat  ingenuity. 

Prom  the  fact  that,  in  all  his  experiments  at  Carlisle,  Dr.  Dauglish  invariably  made 
118  loaves  from  the  same  weight  of  flour  which,  by  fermentation,  made  only  105  or 
106,  to  argue  that  the  gain  over  fermentoHon  can  only  be  equal  to  the  loss  hyjenMnta' 
tkmt  is  to  draw  a  somewhat  hurty  conclusion ;  for  the  gain  may  be,  and  is  probably 
due,  not  to  the  preservation  in  the  breEid  of  what  is  generally  lost  by  fermentation, 
but  simply  to  a  retention  of  water. 

It  is  of  course  certain  that  the  production  of  the  porosity  required  in  bread  pro- 
duced by  the  carbonic  add  and  alcohol  evolved  by  fermentation,  entails  the  loss  of  a 
portion  of  the  valuable  constituents  of  the'flour,  but  the  amoxmt  of  that  loss  should 
not  be  estimated,  I  think,  from  the  proportions  which  the  a€riform  bear  to  the  solid 
matter  of  the  loaf  trfter  it  ia  baked. 

In  eJQfect,  the  fermentation  induced  in  bread  differs  from  that  produced  at  the  dis- 
tillery, in  as  much  as,  instead  of  the  fermenting  material  being  sheltered  from  the  air 
by  an  atmosphere  of  carbonic  add,  the  dough  is  on  the  contra^  thorou^y  |>ermeated 
by,  and  retains  a  considerable  quantity  of  atmospheric  air  introduced  into  it  by  the 
kneading  process,  and  owing  to  the  presence  of  whidi,  in  flujt,  the  acetous  fermentation 
is  carried  on  to  a  certain  extent,  within  the  dough,  simultaneously  with  the  alcoholic 
fermentations,  so  that  even  the  10  parts  of  aeriform  matter  to  1  of  solid  matter  in  a 
quartern  loaf;  are  not  altogether  carbonic  add  resulting  from  the  fermentation,  but 
are  carbonic  add  from  that  source  mixed  with  the  atmospheric  air  with  which  the 
dough  is  permeated.  On  the  other  hand,  the  aeriform  matter  thus  imprisoned  in  the 
dough,  expands  to  at  least  twice  its  volume  -n^en  exposed  to  the  temperatore  of  the 
oven,  and  accordingly  the  bread  after  breaking  becomes  as  buU^  again  as  the  dough 
from  which  it  was  made,  and  this  doubling  of  the  volume  bdng  due  to  the  expansion 
of  the  gases,  and  not  to  the  fermeq;tation,  bears  no  proportion  whatever  to  the  amount 
of  the  sugar  of  the  flour  employed  in  the  production  of  the  alcohol  and  carbonic  add 
evolved.  Moreover,  as  a  quartern  loaf,  for  example,  measures  about  9  inches  by 
6*6  inches  by  6  inches,  making  a  total  of  about  292  cubic  inches,  if  we  take  nine-tenthJs 
of  that  to  be  airiform  matter,  we  have  262*8  inches  as  the  aeriform  cubic  contents 
of  the  quartern  loaf. 

It  is  ascertained  beyond  doubt  by  numerous  experiments,  that  genuine,  properly 
manu&ctared  new  bread  contains,  on  an  average,  42*5  per  cent.  <^  water,  and  57'5  of 
floor,  and  consequently  a  quartern  loaf  weighing  really  four  pounds,  would  consist  of 
11,900  groins  of  water  and  16,000  grains  of  solid  matter,  422*5  grains  of  which  aro 
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«alt  and  inorganic  mattor,  the  rest,  15677*5  grains,  being  starch  and  glnten«  Now  a 
quartern  loaf  measuring  about  9  x  6*5  x  5  inches  gives  a  total  of  282  cubic  inches. 
Assuming  -with  Dr.  Dauglish,  nine-tenths  of  that  to  be  aeriform  matter,  we  hare  262*8 
inches  of  aeriform  cubic  contents  of  a  ^uarten  loaf,  but  as  the  gases  expanded  in  the 
dough  to  double  their  volume  during  its  being  baked  into  a  loaf,  we  must  divide  by 
2  the  262*8  inches  above  alluded  to,  which  gives  181*4  as  the  number  of  cubic  inches 
of  aSriform  matter  contained  in  the  dough  before  it  went  into  the  oven.  Again, 
assuming  with  Dr.  Dauglish  that  these  131*4  cubic  inches  consist  altogether  of 
carbonic  add  resulting  frcm  the  fermentation  of  the  flour,  they  would  represent  in 
weight  only  62  grains  of  that  gas,  and  as  1  equivalent -t  198  of  sugar  produces 
4  equivalents  -i  88  of  carbonic  add,  it  follows  that»  at  most,  about  140  grains  of  sugar 
or  solid  matter  out  of  the  1 5677*5  of  flour  in  the  quartern  loaf  would  have  disappeared, 
whidi  loss  is  less  than  1  per  cent.,  from  whidi,  however,  it  is  neoessaxy  to  make  a 
considerabla  reduction,  since  a  large  quantity  of  air  is  n±^  with  that  carbonic  add, 
and  expanded  with  it  in  the  oven.  Unless,  therefore,  it  can  be  sads&ctorily  jftomd 
that  the  unfermented  bread  manufactured  by  Dr.  Dauglish's  process  is  more  nutritious, 
weight  for  weight,  or  more  digestible,  or  possesses  qualities  which  unfermented  bread 
has  not,  or  is  sold  at  a  reduced  price  proportionate  to  the  quantity*  of  water  thus 
lodbd  up  and  passed  off  for  bread,  the  benefits  and  advanta^  will  be  all  on  the 
manu&ctarer's  side,  but  the  pordiasers  of  the  unfermented  bread  will  make  but  a 
poor  bargain  of  it. 

Of  all  the  operations  connected  with  the  manu&ctore  of  bread,  the  most  laborious, 
and  that  which  calls  most  loudly  for  rcrfbrm,  is  that  of  kneading.  The  ]pcocees  is  usu- 
ally carried  on  in  some  dark  comer  of  a  cellar,  where  the  temperature  is  seldom  less 
than  60^  R,  and  frequently  more,  by  a  man,  stripped  naked  down  to  the  waist,  and 
painfully  engaged  in  extricating  his  fingers  from  a  gluey  mass  into  which  he  fbriously 
plunges  alternately  his  denched  fists,  heavily  breathing  as  he,  stmggling,  rroeatedly 
lifts  up  the  bulky  and  tenadous  mass  in  his  powerful  arms,  and  with  efrart  flings  it 
down  again  with  a  groan  fetdied  £rom  the  innermost  recesses  of  his  chest,  and  which 
almost  sounds  like  an  imprecation. 

We  know,  on  very  good  and  unexceptionable  authority,  that  a  certain  large  bakery 
on  the  borders  of  a  canal  actually  pumped  the  water  necessary  for  making  the  dough 
directly  and  at  once  from  the  canal,  and  this  from  a  point  euctly  contiguous  to  the 
discharging  of  the  cesspool  of  that  bakery  t  And  let  us  not  imagine  that  this  is 
a  solitary  instance  of  hoirible  filth.  The  following  memoranda  recorded  by  Dr.  Wm. 
A.  Guy,  in  his  admirable  lecture  on  '  The  Erils  of  Kight-woriic  and  Long  Hours  of 
Labour,'  delivered  on  Thursday,  July  6, 1848,  at  tiie  Mechanics'  Institution,  South- 
ampton Buildings,  will  serve  to  illustrate  the  condition  of  the  bakehouses : — 

1.  Underground,  two  ovens,  no  daylight,  no  ventilation,  verv  hot  and  sulphurous. 

2.  Underground,  no  davlight,  two  ovens,  very  hot  and  sulphurous,  low  cdling,  no 

ventilation  but  wnat  comes  from  the  doors.    Very  la^^e  budness. 
8.  Undei^und,  no  daylight,  often  flooded,  very  bad  smells,  overrun  with  rats,  no 
▼entdation* 

After  mentioninjg  several  other  establishments  in  the  same,  or  even  in  a  worse,  con- 
dition than  those  just  enumerated,  Dr.  Guy  adds : 

'  The  statements  comprised  in  the  foregoing  memoranda  are  in  conformity  with  my 
own  observations.  Many  of  the  basements  in  winch,  the  budness  of  bakingare  carried 
on  are  oertainlv  in  a  state  to  require  the  assistance  of  the  Commissioners  of  Sewers, 
and  to  invite  the  attention  of  the  promoters  of  sanitary  reform.' 

If  we  reflect  that  bread,  like  all  porous  substances,  readily  absorbs  the  air  that 
surrounds  it,  and  that,  even  under  the  best  conditions,  it  should  never,  on  that 
account,  be  kept  in  confined  places,  what  must  be  the  state  of  the  bread  manufactured 
in  sudi  a  villanous  manner,  and  with  a  slovenliness  greater  than  it  is  posdble  for  our 
imagination  to  concdve  ?  What  can  prove  better  the  necessity  of  Government 
supervision  than  such  a  fact  ?  The  heart  dckens  at  the  revolting  thought,  but  after 
all  there  is  really  but  little  di£ference  between  the  particular  case  of  the  bakexy  onthe 
border  of  a  canal  above  alluded  to,  and  the  mode  of  kneading  generally  pursued,  and 
to  which  we  daily  submit. 

In  the  dtting  of  the  Institute  of  Eranoe,  on  the  23rd  of  January,  1850,  the  late 
M.  AraffO  presented  and  recommended  to  tiie  Academic  tiie  kneading  and  baldngappa* 
ratus  of  M.  Holland,  then  a  humble  baker  of  the  12th  Arrondissement,  iriuch,  it  would 
appear,  fulfils  all  the  conditions  of  perfect  kneading  and  baking. 

*  The  kneading  machine  (pkrin  nUcanique)  of  M.  BoUand,'  says  Arago, '  is  extremely 
simple,  and  can  be  easily  worked,  when  under  a  full  charge,  by  a  young  man  firom  15  to 
20  years  old :  the  necesdty  for  horse-labour  or  steam-power  may  thus  be  obviated.  The 
nuichine(>^«.  217  to  220)oonsists  of  ahorizontal  axis  tzaverdngatrougfa,  containing  all 
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the  don^  requisita  for  one  baking  batch,  and  upon  which  axis  a  system  of  eorfilinear 
blades,  alternately  long  and  short,  are  placed  in  soch  a  manner  that,  while  reyolving, 
they  describe  two  quarters  of  cylindri<»l  surfaces  with  contrary  corves,  so  that  the 
conrezity  of  one  of  these  sur&ces,  and  the  concavity  of  the  other,  is  tamed  towards 
the  bottom  of  the  trough.  The  axis  has  a  fly-wheel,  and  is  set  in  motion  by  two 
small  cog-wheels  connected  with  the  handle,  as  represented  in  the  following  figoms : — 

218 


219 


The  action  of  the  kneading;  machine  is  both  easy  and  efficacious.  In  20,  and  if 
necessazy  in  15,  or  even  10  minutes,  a  sack  of  flour  may  be  converted  into  a  perfectly 
homogeneous  and  aSrated  dough,  without  either  lumps  or  clods,  and  altogether  supe- 
rior to  any  dough  than  could  be  obtained  by  manual  kneading.  The  time  required 
in  kneading  varies  according  to  the  greater  or  less  density  of  dough  required ;  and 
the  quanti^  of  dough  manufactured  in  that  space  of  time  varies,  of  course,  also  with 
the  dimensions  of  the  kneading-trough ;  for  instance,  in  the  trough  provided  with 
16  blades,  one  sad:  and  a  half  of  flour  can  be  kneaded  at  once ;  in  that  of  14  blades 
one  sack,  and  in  that  of  12  blades  two-thirds  of  a  sack. 

M.  Bolland  gives  the  following  instructions  for  the  use  of  the  machine,  in  order  to 
impart  to  the  dough  the  qualities  produced  hy  the  operations  known  in  France  under 
the  names  of  fiasage,  contrefrasage^  and  wufflage^  which  we  shall  presently  describe, 
and  to  which  the  bread  manufEkctured  in  that  country  mainly  owes,  in  the  words  of 
Dr.  Ure,  *a  flavour,  colour,  and  texture,  never  yet  equalled  in  London.' 

The  necessary  quantity  of  leaven  or  yeast  is  first  dilutsd  with  the  proper  quantity 
of  water,  as  described  bdore ;  and  in  oraer  to  efibct  the  mixtue,  the  crank  should  be 
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made  to  perforni  50  revolutioiifl  alternately  £rom  right  to  left — Frtuag^  is  the  fizst 
mixture  of  the  flour  with  the  water.  The  flour  is  simplj  poured  into  the  kneading- 
trough,  or,  better  still,  when  conyemence  permits  it,  it  is  let  down  £rom  a  room  above 
through  a  linen  hose,  which  may  be  shut  by  folding  it  up  at  the  extremity. 

Three-fourths  only  of  the  flour  should  at  first  be  put  into  the  trough ;  the  first  re- 
volutions of  the  kneader  should  be  rather  rapid,  but  during  the  remainder  of  the 
operation  the  turning  should  be  at  the  rate  of  two  or  three  revolutions  a  minuto» 
according  to  the  density  of  the  dough  to  be  prepared.  The  dough  thereby  having 
time  to  be  woU  drawn  out  between  the  blades,  and  to  drop  to  the  bottom  of  the  trough. 
From  24  to  36  revolutions  of  the  crank  wiU  ^nerally  be  sufficient ;  but  in  order  to 
obtain  the  dough  in  the  condition  which  ih^frasage  woxdd  give  it  in  the  usual  wa^,  it 
will  be  necessary  to  make  about  250  revolutions  of  the  crank  altomatoly  from  right 
to  lefb^  about  the  same  number  of  turns. 

Contrefraaage  is  the  completion  of  the  process  of  mixing ;  and,  in  order  to  perform 
that  operation,  the  last  fourth  part  of  the  flour  must  now  be  added,  the  crank  turned 
150  revolutions,  to  wit,  75  turns  rather  slowly,  alternately  from  right  to  left,  and  the 
remainder  at  the  rato  of  speed  above  mentioned. 

The  operation  of  Boufflage  consists  in  into)ducing  and  retaining  air  in  the  paste. 
To  efiect  this,  the  kneader  should  be  made  to  perform,  during  nearly  the  whole  time 
occupied  in  the  operation,  an  almost  continuous  motion  backwards  and  forwards,  by 
which  means  the  dough  is  shifted  from  place  to  place ;  flve  revolutions  being  made  to 
the  right,  and  flve  to  the  left,  alternately,  t^ng  care  to  accelerate  the  speed  a  little 
at  the  moment  of  reversing  the  direction  of  the  revolving  blades. 

All  these  operations  are  accomplished  in  twenty  or  twenty-flve  minutes. 

Of  course,  the  reader  should  not  imagine  that  these  numbers  must  be  strictly 
followed,  they  are  given  merely  as  a  guide  indicative  of  the  modus  operandi. 

The  kneamng  being  completed,  the  dough  is  left  to  rest  for  some  time,  and  then 
divided  into  lumps,  of  a  proper  weight,  for  each  loaf.  The  workman  takes  one  of 
these  lumps  in  edch  hand,  rolls  them  out,  dusto  them  over  with  a  little  flour,  and  pute 
each  of  them  separate  in  ito  panneton;  he  proceeds  with  the  rest  of  the  dough  in  the 
same  manner,  and  leaves  all  the  lumps  to  swell,  which,  if  the  flour  hava  been  of  good 
quality,  will  take  place  at  a  uniform  rato.  They  are  then  fit  for  baking,  which  opera- 
tion will  be  described  presently. 

Another  kneading  trough,  said  to  be  very  efifbctual,  is  that  for  which  Mr.  Edwin 
Clayton  obtained  a  patent  in  August  1830.  It  consisto  of  a  rotatory  kneading 
trough,  or  rather  banel,  mounted  in  bearings  with  a  hollow  axle,  and  of  an  interior 
frame  of  cast  iron  made  to  revolve  by  a  solid  axle  which  passes  through  the  hollow 
one ;  in  the  frame  there  are  cutters  diagonally  placed  for  kneading  the  dough.  The 
revolving  frame  and  ite  barrel  are  made  to  turn  in  contrary  directions,  so  as  greatly 
to  save  time  and  equalise  the  operation.  This  double  action  represents  kneading 
by  the  two  hands,  in  which  the  aough  is  inverted  from  time  to  tune,  torn  asunder, 
and  reunited  in  every  different  form.  G^e  mechanism  will  be  readily  imderstood 
from  the  following  description : — 

J^.  221  ezhibito  a  front  elevation  of  a  rotatory  kneading  trough,  constructed 


according  to  improveinente  spedfled  by  the  patentee,  the  barrel  being  shown  in  seo- 
tion ;  a  is  the  barrel,  into  which  the  several  mgrediento,  consisting  of  flour,  water,  and 
yeast»  are  put,  which  barrel  is  mounted  in  the  frame-work  b,  with  hollow  axles  c  and 
d,  which  hollow  axles  turn  in  suitable  bearings  at  0 ;  /is  the  revolving  frame  which 
is  mounted  in  the  interior  of  the  barrel  a,  by  axles  g  and  h.  The  ends  of  this  revolv- 
ing frame  are  fastened  or  braced  together  by  means  of  the  oblique  cutters  or  braces 
t,  which  act  upon  the  dough  when  Qie  machine  is  put  in  motion,  and  thus  caose  tho 
operation  of  Imeading. 
Mther  the  bairel  may  be  made  to  revolve  without  the  rotato87  fnme,  or  the  lota- 
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toty  frame  withoat  the  barrel,  or  both  may  be  made  to  rerolye  together,  but  in  oppo- 
nte  irays.  These  seyeral  motionB  may  be  obtained  by  means  of  l^e  gear-work, 
shown  at  k,  I,  and  m,  as  will  be  presently  described. 

If  it  be  desired  to  have  the  revolying  motion  of  the  barrel  and  rotatory  frame 
together,  bnt  in  contrary  directions,  that  motion  may  be  obtained  by  fastening  the 
hdlow  axle  of  the  wheel  m,  by  means  of  a  screw  »,  to  the  axle  h  of  the  rotatory 
feune/ tight,  so  as  they  wiU  reyolve  together,  the  other  wheels  k  and  I  being  nsed  for 
the  purpose  of  reversing  the  motion  of  the  barrel.  It  will  then  be  found  that  by 
turning  the  handle  £>,  the  two  motions  will  be  obtained. 

If  it  be  desired  to  put  the  rotatory  frame  /,  only  into  motion,  that  action  will  be 
obtained  by  loosening  the  screw  n  upon  the  axle  of  the  wheel  m,  when  it  will  be  found 
that  the  axle  h  will  be  made  to  revolve  freely  by  means  of  the  winch  t>,  without  giving 
motion  to  the  wheels  k,  I,  and  m,  and  thus  the  barrel  will  remain  stationary.  If  the 
rotatory  action  of  the  barrel  be  wanted,  it  will  be  obtained  by  turning  the  handle  p,  at 
the  reverse  end  of  the  machine,  which,  although  it  puts  the  gear  at  the  opposite  end 
of  the  barrel  into  motion,  yet  as  the  hollow  axle  of  the  wheel  m  is  not  fastened  to 
the  axle  h  by  the  screw  n,  these  wheels  will  revolve  without  carrying  round  the 
frtanef. 

The  Hot-water  Oven  Biscuit-baking  Company  possesses  also  a  good  machine  with 
which  1  cwt  of  biscuit  dough,  or  2  c^.  of  bread  dough,  can  be  perfectly  kneaded  in 


10  minntes.  The  machine  is  an  American  invention,  and  of  extraordinary  simplicity, 
for  it  is  in  reality  nothing  more  than  a  large  corkscrew,  working  in  a  cylinder,  by 
means  of  which  the  dough  is  triturated,  squeezed,  pressed,  torn,  hacked,  and  finally 
agglomerated  as  it  is  pushed  along.  The  dough  as  it  issues  from  that  machine  can 
at  once  be  shaped  into  loaves  of  suitable  size  and  dimensions.  A  machine  capable 
of  doing  the  amount  of  work  alluded  to  does  not  come  to  more  than  from  61.  to  71. ; 
the  other  forms  of  kneading  machines  are  likewise  inexpensive,  so  that,  in  addition  to 
the  economy  of  time  which  they  realise,  there  does  not  seem  to  be  any  excuse  for  re- 
taining the  abomination  of  manual  kneading. 

Among  superior  and  very  desirable  apparatus  for  bread-making,  there  are  at  any 
rate  three  which  fulfil  the  desiderata  above  alluded  to,  in  the  most  complete  and 
economical  manner.  One  of  them  is  M.  Mouchot's  agrothermal  bakery ;  the  second 
is  A.  M.  Perkins'  hot-water  oven ;  the  third  is  Bolland's  hot-air  oven,  with  revolving 
floors :  all  three  are  excellent. 

Before  proceeding  to  explain  them,  a  plan  and  longitudinal  section  of  an  ordinary 
London  baker's  oven  is  given  (Jigs.  222  and  223), 
that  the  reader  may  be  the  better  able  to  judge 
of  Uie  vast  improvement  realised  by  the  other 
ovens. 

a,  the  bodv  of  the  oven ;  b,  the  door ;  e,  the 
fire-grate  and  f  aroBce ;  d,  the  smoke  flue ;  0,  the 
flue  above  the  door,  to  carrv  off  the  steam  and 
hot  air,  when  taking  out  the  bread ;  /,  recess 
below  the  door,  for  receiving  the  dust ;  ^,  damper 
plate  to  shut  off  the  steam  flue ;  h,  damper  plate 
to  shut  off  smoke  flue,  after  the  oven  has  come 
to  its  proper  heat ;  i,  a  small  iron  pan  over  the 
fire-place  c,  for  heating  water;  Ar,  ash-pit  below 
the  furnace. 

Fiff,  224  is  the  front  view;  the  eamo  letten  refer  to  the  same  object  in  all  the 
flguzet* 


\d\ 


224 
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The  flame  and  burnt  lur  of  the  fire  at  e,  sweeping  along  the  bottom  of  the  OT«n  hj 
the  right-hand  eide,  are  reflected  &om  the  back  to  the  left-hand  side,  and  thenoe 
escape  by  the  flue  d,  Wheneyer  the  oven  has  acquired  the  proper  desree  of  heati  the 
Are  is  withdrawn,  the  fluos  are  closed  by  the  damper  plate,  and  the  lumps  of  £ar- 
mented  dough  are  introduced, 

225 


We  shall  now  fi^TO  a  desetiption  not  only  of  the  oyen,  but  of  the  improved  bakeiy, 
boulangme  perfeeHonief  of  M.  MouchoU 

Fiff^  226 18  a  ground  plan  of  the  aerothermal  bakehouse :  the  granaries  being  in 
the  upper  storeys,  are  not  shown  here.  6  5  are  the  ovens ;  e,  the  kneading  machine ; 
dr  the  place  where  the  machinery  is  mounted  for  hoisting  up  the  bread  into  the  store 


226 


room  above ;  e,)th  space  oommon  to  the  two  ovens,  into  which  the  hot  air  ]jas8es ;  /, 
theplace  of  a  wheel  driven  by  dogs,  for  giving  motion  to  the  kneading  machine. 

^.  226  is  a  longitudinal  section  of  the  oven ;  a,  the  grate  where  coke  or  even  ^t- 
ooals  may  be  burned;  bb,  void  spaces  which,  becoming  heated,  serve  for  warming 
viall  pieces  of  dou£^  in;  cc  are  flues  for  conducting  the  smoke,  &c,  from  the  fire- 
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place ;  d,  tedn  in^.  237  (a  tranfrerae  section  throngh  the  middle  of  the  OTen)»  is  the 
chimney  for  canying  off  the  smoke  tiansmitted  by  the  flues ;  bb,  yoid  spaces  imme- 
diately oyer  the  flaes,  and  beneath  the  sole  f  f,  of  the  oTen.  By  this  arrangement 
^e.air,  preyiously  heated,  which  amyes  from  the  Toid  spaces  b  Um)i]gh  the  flues  <tc» 


gets  the  benefit  of  the  heat  of  the  flame  which  circulates  in  these  flnes,  and,  after 
getting  more  heated  in  the  spaces  bb,  ascends  through  channels  into  the  oven  f  f, 
upon  Uie  sole  of  which  the  loaves  are  to  be  bdced  or  laid.  The  hot  air  is  admitted 
into  it  through  the  passages  a  a,  being  drawn  from  the  reserroirs  b  b  b,  and  also 
by  the  passage  d  d,  drawn  from  the  reserroirs  e  b.  The  sole  is  likewise  heated 
by  contact  with  the  hot  air  contained  in  the  space  b  b,  placed  immediately  below  it. 
The  hot  air,  loaded  with  moisture,  issues  by  tho  passage  b  b^  and  returns  directly 
into  the  reserroir  b  b.  o  o,  an  enclosed  space  directly  over  the  oven,  to  obstruct  the 
dissipation  of  its  heat;  g^  vault  of  the  fire-place.  Fig,  228,  the  kneading  machine,  a 
longitudinal  section  passing  through  its  axis ;  p  p,  the  contour  of  tho  machine,  made 
of  wood,  and  diTided  into  uiree  compartments  for  the  reception  of  the  dough.  The 
wooden  bars  £>  o  are  so  placed  in  the  interior  of  the  compartments,  as  to  divide  the 
dongh  whenever  the  cylinder  is  made  to  revolve.  One  portion,  d,  of  the  cylinder  may 
be  opened  and  laid  over  npon  the  other  by  means  of  a  hinge  joint,  when  the  dough  and 
flour  are  introduced,  a,  b,  c,  the  three  compartments  of  the  machine,  two  for  making 
the  dough,  and  one  for  preparing  the  sponge,  called  lemitit  or  leaven,  by  the  French,  a  a 
is  the  pulley  which  receives  its  motion  fsom  the  engine,  and  transmits  it  to  the  cylinder 
through  the  pinion  6,  and  the  spur-wheel  e;  ddt\£e  fly-wheel  to  regulate  the  motion ; 
g,  a  brake  to  act  upon  the  fly  d,  by  means  of  a  lever  h ;  i,  the  pillar  of  the  fly-wheeL 


There  is  a  ratchet-wheel  counter  for  numbering  the  turns  of  the  kneading  machine, 
but  it  cannot  be  shown  in  this  view ;  n,  cross-bars  of  wood,  which  are  easily  removed 
when  the  cylinder  is  opened ;  they  divide  the  dou^ 
Each  of  the  three  compartments  of  the  kn^ader  (fig.  228)  is  furnished  at  pleasure 
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vith  two  bars  fixed  croiswise,  but  which  may  be  easily  removed,  whenever  the 
cylinder  is  opened.  These  bars  oonstitate  the  sole  agents  for  drawing  out  the  dough. 
In  a  continuous  operation,  the  leaven  is  constantly  prepared  in  the  compartment  a  ; 
with  which  view  there  is  put  into  it — 

126  kilogrammes  of  ordinary  leaven  or  yeast. 

67  „  .        .        .  flour. 

83  „         .        .        .  water. 

In  all,  225  idlogrammes. 

The  person  in  charge  of  the  mechanical  kneader  shuts  down  its  lid,  and  sets  it 
a-going.  At  tiie  end  of  about  seven  minutes  he  hears  the  bell  of  the  counter  sound, 
announcing  that  the  number  of  revolutions  has  been  sufficient  to  call  for  an  inspection 
of  the  sponge,  in  regard  to  its  consistence.  The  cylinder  is  therefore  opened,  and 
after  v^iMngihe  nght  state  of  the  leaven,  and  adding  water  to  soften,  or  flour  to 
stiffen  it,  he  closes  the  lid,  and  sets  the  machine  once  more  in  motion.  In  10  minutes 
more  the  counter  sounds  again,  and  the  kneading  is  completed.  The  450  kilo- 
grammes of  leaven  obtained  from  the  two  compartments  are  adequate  to  prepare 
dough  e;iough  to  supply  alternately  each  of  the  two  ovens.  For  this  purpose  75 
kilogrammes  of  leaven  are  taken  from  each  of  the  two  compartments  a  and  a',  and 
placed  in  the  intermediate  compartment  b.  The  whole  leaven  is  then  75  +  75  « 150 
kilogrammes ;  to  which  are  added  100  kilogrammes  of  flour  and  50  of  water™  150, 
so  that  the  chest  contains  SOO  kilogrammes.  There  is  now  replaced  in  each  of  the 
cavities  a  and  a'  the  primitive  quantity,  by  adding  50  kilogrammes  of  flour  and  25 
of  water «  75. 

The  cylinder  is  again  set  a-going ;  and,  from  the  nature  of  the  apparatus,  it  is 
obvious  that  the  kneading  takes  place  at  once  on  the  leavens  a  and.  a',  and  on  the 
paste  b;  whidi  last  is  examined  after  7  minutes,  and  completed  in  10  more  a  17,  at 
the  second  sound  of  the  counter-bell. 

The  kneader  is  opened,  the  paste  on  the  sides  and  on  the  bars  is  gathered  to  the 
bottom  by  means  of  a  scraper.  The  whole  paste  of  the  chest  b  being  removed,  150 
kilogrammes  of  the  leaven  are  taken,  to  which  150  kilogrammes  of  flour  and  water 
are  added  to  prepare  the  800  kilogrammes  of  paste  destined  for  the  supply  of  the  oven 
Ko.  2.  These  75  kilogrammes  of  leaven  from  each  compartment  are  placed  as  before, 
and  so  on  in  succession. 

The  water  used  in  this  operation  is  raised  to  the  proper  temperature,  viz.  25°  or 
80**  C.  (77°  or  86°  F.)  in  cold  weather,  and  to  about  68°  F.  in  the  hot  season,  by 
mixing  common  cold  water  with  the  due  proportion  of  water  maintained  at  the  tem- 
perature of  about  160°  F.,  in  the  basis  f,  placed  above  the  ovens. 

Through  the  water  poured  at  each  operation  upon  the  flour  in  the  compartment  b, 
there  is  previously  dimised  from  200  to  250  grammes  of  fresh  leaven,  as  obtained  from 
the  brewery,  after  being  drained  and  pressed  {German  yeast).  This  quantity  is  suf- 
fldent  to  raise  properly  800  kilogrammes  of  dough.  As  soon  as  this  dough  is  taken 
out  of  the  kneader,  as  stated  above,  and  while  the  machine  goes  on  to  work,  the 
quantity  requisite  for  each  loaf  is  weighed,  turned  about  on  the  table  d,  to  give  it 
its  round  or  oblong  form,  and  there  is  impressed  upon  it  with  the  forearm,  or  roller, 
the  cavity  whidi  diaiacterises  cleft  loaves.  All  the  lots  of  dough  of  the  size  of  one 
kilogramme,  called  deft  loaves  (jaainsfendits)^  are  placed  upon  a  doth,  a  fold  of  which 
is  raised  between  two  loaves,  the  doth  being  flrst  spread  upon  a  board ;  which  thus 
charged  with  10  or  15  loaves  is  transferred  to  the  wooden  shelves  00,  in  front  of  the 
oven.  The  whole  of  them  rise  easily  under  the  influence  of  the  gentie  temperature 
of  this  antechamber  or  foumil.  Whenever  the  dough  loaves  are  suffidentiy  nused 
here,  they  are  put  into  the  oven,  a  process  called  enfoumemmt  in  France ;  which  con- 
sists in  setting  each  loaf  on  a  wooden  shovel  dusted  with  coarse  flour,  and  pladng  it 
thereby  on  the  sole  of  the  oven,  dose  to  its  fellow,  without  touching  it  Tins  opera- 
tion is  made  easy,  in  consequence  of  the  introduction  of  a  long-jointed  gas-pipe  and 
burner  into  the  interior  of  the  oven,  by  the  light  of  which  sil  parts  ci  it  may  be 
minutdy  examined.  The  oven  flrst  is  kept  moderately  hot,  by  shutting  the  dampers ; 
but  whenever  the  thermometer  attached  to  it  indicates  a  temperature  of  from  800°  to 
290°  G.  (572°  to  554°  F.),  the  damper  or  registers  are  opened,  to  restore  the  heat  to 
its  original  degree,  by  allowing  of  the  circulation  of  the  hot  ur,  which  rises  from  the 
lower  cavities  around  the  flre-place  into  the  interior  of  the  oven.  When  the  baking 
is  completed,  the  gas-light,  w^ch  had  been  withdrawn,  is  again  introduced  into  the 
oven,  and  the  bread  is  taken  out ;  called  the  process  of  dSfoitmement,  If  the  tempera- 
ture have  been  maintained  at  about  800°  0.,  the  800  kilogrammes  of  dough,  divided 
into  loaves  of  one  kil(M;ramme  (2Jlbs.  avoirdupois),  wiU  be  baked  in  27  minutes.  The 
ohargiog  having  lasted  10  minntes,  and  the  disohazging  aa  long,  the  baking  of  each 
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batch  "will  take  up  47  minntee.  Bat  on  acoonnt  of  accidental  interraptionB,  an  Hour 
may  be  assigned  for  each  charge  of  260  loaves  of  1  kilogranund  each  ;  being  at  the 
rate  of  6,240  kUogxammes  (or  6*75  tons)  of  bread  in  24  honrs. 

Although  the  outer  parts  of  the  loaves  be  exposed  to  the  radiation  of  the  walls, 
heated  to  280^  or  300^  C,  and  undergo  therefore  that  kind  of  caramdiaation  (charring) 
which  produces  the  colour,  the  taste,  and  the  other  special  characters  of  the  crust,  yet 
the  inner  substance  of  the  loaves,  or  the  crumb,  never  attains  to  nearly  so  high  a  tem- 
perature ;  for  a  thermometer,  whose  bulb  is  inserted  into  the  heart  of  a  loaf,  does  not 
indicate  more  than  100^  G.  (218'»  F.) 

Feikins*  hot-water  oven  is  an  adaptation  of  that  distinguished  engineer's  stove, 
which,  as  is  wdl  known,  is  a  mode  of  heating  by  means  of  pipes  full  of  water,  and 
hermetically  dosed ;  but  with  a  suf&dent  space  for  the  expansion  of  the  water  in  l^e 
ppes.  As  a  means  of  warming  buildings,  the  invention  has  already  produced  the 
very  benefical  effects  which  have  gained  for  it  an  extensive  patronage.  There  is 
no  doubt  but  that  this  novel  application  entitles  the  inventor  to  the  warmest  thanks 
of  the  public  Tlie  following  figure  (229),  represents  one  of  these  ovens.  ▲,  stove ; 
B,  coU  of  iron  pipe  placed  in  the  stove ;  c  c,  flow-pipe ;  d,  expansive  tube ;  b,  oven 
ehaiged  with  loaves,  and  surrounded  with  the  hot-water  pipes ;  f,  return  hot-water 
Ipe ;  o,  door  of  the  oven ;  h,  flue  for  the  escape  of  the  vapours  in  the  oven ;  i,  rigid 
of  iron  supporting  tha  regulating  box;   jj,  regulating  box,  containing  three 


small  levers ;  x,  nut  adjusted  so  that  if  temperature  of  the  hot-water  pipe  is  increased 
beyond  the  adjusted  point,  its  elongation  causes  the  nut  to  bear  upon  the  levers  in 
the  box  J,  which  levers,  lifting  the  straight  rod  l,  shut  the  damper  u  of  the  stove  ;  m 
is  an  index  indicating  tiie  temperature  of  the  hot-water  pipes. 

The  oven  is  first  built  in  the  ordinary  manner  of  sound  brickwork,  made  very 
thick  in  order  to  retain  the  heat.  Then  the  top  and  bottom  of  the  internal  surfaces 
are  lined  with  wrought-iron  pipes  of  one  inch  external  diameter,  and  five-eighths  of  an 
incU  internal  diameter,  and  their  surface  amounts  in  the  aggregate,  to  the  whole 
surface  of  the  oven.  These  pipes  are  then  connected  to  a  coil  in  a  ftimace  outside 
the  oven.  Viq  coil  having  such  a  relative  proportion  of  surface  to  that  which  is  in 
the  oven,  that  the  pipes  may  be  raised  to  a  temperature  of  560^  F.,  and  no  m<ffe. 
This  fixed  and  uniform  temperature  is  maintained  by  a  self-regulating  adjustment 
peculiar  to  this  fhmace,  whidi  works  with  great  predsion,  and  which  cannot  get  out 
of  order,  since  it  depends  upon  the  expansion  of  tne  upper  ascending  pipe  dose  to  the 
fhmaoe  acting  upon  three  levers  connected  with  the  damper  which  regulates  the 
drau^t.  Tl^  movable  nut  at  the  bottom  of  that  expanding  pipe  being  adjusted  to 
the  requisite  temperature,  that  predse  temperature  is  uniformly  retained.  The 
smallest  fiuctuation  in  the  heat  of  the  water  which  circulates  in  tne  pipes  instantly 
sets  the  levers  in  motion,  and  the  expansion  of  one  thirty-siicth  part  or  an  inch  is 
sufiSdent  to  dose  the  damper. 

It  will  be  observed  that  if  the  pipes  be  heated  to  050^  F.  the  brickwork  will  soon 
attain  the  same  temperature,  or  nearly  so,  and  accordingly  the  oven  will  thus  possess 
double  the  anurant  of  the  heating  surface  of  ordinary  ovens  applicable  to  baking. 
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The  baking  temperatare  of  the  oyen  is  fsom  420^  to  4^0^  F.,  vhich  is  ascertained  by 
a  thermometer  nidth  which  the  oven  is  provided. 

With  respect  to  Bolland's  oven.  Messieurs  Bonssinganlt,  Pajen,  and  Poncelet^  in 
their  report  to  the  Institute  of  France ;  Gaoltier  de  Glaubry,  in  a  report  made  in  the 
name  of  the  Committee  of  Chemical  Artis  to  the  Soci^t^  d'Encouragement ;  and  the  late 
M.  Arago,  represented  that  oyen  as  successfully  meeting  all  the  conditions  of  salubrity, 
cleanliness,  and  hygiene.  Wood,  coals,  ashes  are  likewise  banished  from  it,  and 
neither  smoke  nor  uie  heated  air  of  the  furnace  ean  find  acoess  to  it.  As  in  Perkins', 
the  furnace  is  placed  at  a  distance  fsom  the  mouth  of  the  oyen,  but  instead  of  con-:i 
yeying  the  heat  hj  ppes,  as  in  the  hot-water  oyen,  it  is  the  smoke  and  hot  air  of  the 
furnace  which,  circulating  through  fan-shaped  flues,  ramifying  under  the  floor  and 
spreading  oyer  the  roof  of  the  oyen,  impart  to  it  the  requisite  temperature.  The  floor 
of  the  oyen,  on  which  the  loaves  are  de^sited,  consists  of  glaziad  tiles,  and  it  can 
thus  be  kept  perfectly  dean.  The  distinctive  character  of  M.  Holland's  or^n,  how- 
ever, is  that  tiie  glaeed  tiles  just  spoken  of  rest  upon  a  revolving  platfprm  whi<^  the 
workman  gradually,  or  from  time  to  time,  moves  round  by  means  of  a  small  handle, 
and  without  effort 

figures  230  to  239  xepresent  the  conBtruction  and  appearance  of  M.  BoUaad's  oven 
on  a  reduced  scale. 


230.  Front  elevation. 
281.  Vertical   section  through   the 
axis  of  the  fire-grate. 

232.  Ditto,  ditto. 

233.  Elevation  of  one  of  the  vertical 

flues. 
284.  Suspension  of  the  flooM. 


235.  Plan  of  the  first  floor. 

236.  Plan  of  the  sole. 

237.  Plan  of  the  second  fioor. 

238.  Plan  of  the  fi^-grate  and  flues. 

239.  Plan  of   the    portion    under 

ground. 


280 


When  the  oven  has  to  be  charged,  the  workman  deposits  the  flrst  loaves,  by  means 
of  a  short  peel,  upon  that  part  of  the  revolving  platform  which  lies  before  the  mouth- 
of  the  oven,  and  when  that  portion  is  fllled,  he  gives  a  turn  with  the  handle,  and 
proceeds  to  put  the  loaves  in  the  fresh  space  thus  presented  before  him,  and  so  on 
until  the  whole  is  filled  up.  The  door  is  then  closed  through  an  opening;  covered 
with  glass,  and  reserved  in  the  wall  of  the  oven,  which  is  lighted  up  with  a  jet  of  gas, 
or  by  opening  the  door  from  time  to  time  the  progress  of  the  baking  may  be  watched ; 
if  it  appears  too  rapid  on  one  pointy  or  too  slow  on  another,  the  journeyman  can,  by 
means  of  the  handle,  bring  the  loaves  successively  to  the  hottest  part  of  the  oven,  and 
trice  versdt  as  occasion  may  require.  The  oven  is  provided  with  a  thermometer,  and, 
in  an  experiment  witnessed,  the  temperature  indicated  210^  C.»420^  F.,  the  baking 
of  a  full  charge  was  completed  in  one  hour  and  ten  minutes,  and  Uie  loaves  of  the 
same  kind  were  so  even  m  point  of  size  and  colour  that  they  could  not  be  distin- 
guished fi!om  each  other. 

The  top  of  the  oven  is  provided  with  a  pan  for  the  purpose  of  heating  the  water 
necessary  for  the  preparation  of  the  dough,  by  means  of  mo  heat  which  m  all  other 
plans  (Mouchof  s  excepted)  is  lost.  The  workman  should  take  care  to  keep  always 
some  water  in  that  pan,  for  otherwise  the  leaden  pipe  would  melt  and  oocasion 
dangezons  leaks.    For  this  and  other  reasons,  the  safest  j>lan,^  hqw^yer,  would  be  tQ. 
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replace  this  leaden  pipe  by  an  iron  one.  The  said  pan  should  be  £reqaently  eeonred, 
for,  if  neglected,  the  water  will  become  rusty  and  spoil  the  colour  of  we  bread. 
Bread  baking  may  be  considered  as  consisting  of  four  operations :  namely,  heating 

2^] 


the  oren,  putting  the  dough  into  the  oven,  baking,  and  taking  Uie  loaves  out  of  the 
OYen.  The  general  direction  given  by  M.  Bolland  for  each  of  these  operations  are  aa 
foUowB  :— 
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In  order  to  obtain  a  proper  heat  and  one  that  may  be  easily  managed,  it  is  neee«- 
sary  to  charge  the  Axmaoe  moderately  and  often,  and  to  keep  it  in  a  miiform  state. 

239 


IVhen  the  fire  is  kindled,  the  door  shonld  he  kept  perfectly  closed,  in  oorder  to  compel 
the  current  of  air  necessary  to  the  combustion  to  pass  through  the  grate,  and  thence 
through  the  flues  under  and  the  dome  over  the  oven.  If,  on  ue  contrary,  the  furnace 
door  -were  left  ajar,  the  cold  air  fiom  -without  would  rapidly  pass  over  the  coals  with- 
out becoming  properly  heated,  and  passing  in  that  condition  into  the  flues  would 
fail  in  raising  it  to  the  proper  temperature.  In  order  that  the  flame  and  heated 
products  of  the  combustion  may  pass  through  all  the  flues,  it  is,  of  course,  necessary 
to  keep  them  dear  by  introducing  into  them  once  a  monUi  a  brush  made  of  wire,  or 

240 


whalebone,  or  those  which  are  now  generally  used  for  sweeping  the  tubes  of  marine 
tubular  boilers,  and  the  best  of  which  are  those  patented  and  manu&ctured  by 
Messra.  Moriarty  of  Greenwich,  or  How  of  London.  The  Tertical  flues  which  are 
built  in  the  masonnr  are  cleared  from  without  or  from  the  pit,  according  to  the  nature 
of  the  plan  adopted  in  buildine  the  oven.  These  flues  need  not  be  cleaned  more  often 
than  about  once  in  three  mon&s. 

Sweeping  between  the  floors  should  be  performed  about  erery  fortnight. 

In  case  of  accident  or  iiguiy  to  the  thermometers,  the  following  directions,  which 
indeed  apply  to  all  ovens,  may  enable  the  baker  to  judge  of  the  temperature  of  his 
oven.  If,  on  throwing  a  few  pinches  of  flour  on  the  tiles  of  the  oven,  it  remains 
white  after  the  lapse  of  a  few  seconds,  the  temperature  is  too  low ;  if,  on  die  contrary, 
the  flour  assumes  a  deep  brown  colour,  the  temperature  is  too  hig^ ;  if  the  flour  turns 
yellowish,  or  looks  slightly  scorched,  the  temperature  is  right. 

The  bajdng  in  Holland's  oven  takes  place  at  a  temperature  varying  from  410^  to 
432°  F.  according  to  the  nature  and  size  of  the  article  intended  to  be  baked.  During 
the  baking,  the  revolving  floor  is  turned  every  ten  or  twelve  minutes,  so  that  the 
loaves  not  remaining  in  tiie  same  place  the  baking  becomes  equal  thzon^ont. 

As  to  the  hot-water  oven,  a  few  establishments  only  have  as  yet  adopted  it  in  England ; 
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one  of  them  is  the  'Hoi-'water  Oren  Biseoit-bakiiig  Oompany/  on  whose  premises 
fancy  biscuits  only  are  baked;  and  another  establishment  is  that  of  a  baker  of  the 
name  of  Neville,  carrying  on  his  business  in  London.  With  respect  to  M.  Moachot's 
system,  it  is  not  eyen  known  in  this  country,  otherwise  than  by  haying  been  alladed 
to  in  one  or  two  technological  publications  or  <^ctionaries. 

The  quantity  of  bread  which  can  be  made  from  a  sack  of  flour  depends  to  a  great 
extent  upon  the  quantity  of  gluten  that  the  flour  of  which  it  is  made  contains,  but  the 
wheat  -vfidch  contains  a  large  proportion  of  nitrogenous  matter  does  not  yield  so  light 
a  flour  as  those  which  are  poorer.  "From  a  great  number  of  determinations  it  is  found 
that  the  amount  of  gluten  contained  in  the  flour  to  make  best  white  bread  ranges  from 
10  to  18  per  cent.,  that  of  the  starch  being  from  68  to  70  per  cent,  the  ashes  ranging 
from  0*6  to  1  "9  per  cent 

In  the  ordinary  plan  of  bread  making,  London  bakers  reckon  that  1  sack  of  such  a 
flour,  weighing  280  lbs.,  will  make  94  real  4-lb.  loayes  (not  quartern)  of  pure  genuine 
bread,  although  a  sack  of  such  flour  may  yield  him  94  or  eyen  95  quartern  (not  4-lb.) 
loayes.* 

Erom  this  account  it  may  be  easily  imagined  that  if  the  baker  could  succeed  in  dis- 
posing at  once  of  all  the  loayes  of  his  da^s  baking  either  by  sale  at  his  shop,  or,  still 
better,  by  deliyery  at  his  customers'  residences,  sudi  a  business  would  indeed  be  a 
profitable  one  commercially  speaking,  for  on  that  day  he  would  sell  from  28  to  84  lbs* 
of  water  at  the  price  of  bread,  not  to  speak  of  the  deficient  weight 

As  to  those  bakers  who,  by  nnderbaking,  or  by  the  use  of  alum,  or  by  the  use  of  both 
alum  and  underbaking,  manage  to  obtain  96,  98,  100,  or  a  still  larger  number  of 
loayes  from  inferior  fiour,  or  material,  their  profit  is  so  reduced  by  the  much  lower 
price  at  which  they  are  compelled  to  sell  their  sophisticated  bread,  that  their  tamper- 
ings  ayail  them  but  little ;  their  emphatically  hard  labour  yields  them  but  a  mere 
pittance,  except  their  business  be  so  extensive  that  the  small  profits  swell  up  into  a 
large  sum,  in  which  case  they  only  jeopardise  their  name  as  £&re  and  honest  tradesmen. 

Looking  now  at  the  improved  ovens,  of  which  we  have  been  speaking  merely  in  an 
economical  point  of  view,  and  abstractedly  from  all  other  considerations,  the  profits 
realised  by  their  use  appears  to  be  well  worth  the  baker^s  attention.  But  as  with  the 
improved  ovens  the  economy  bears  upon  the  wages  and  the  fuel,  the  advantages  are 
much  less  considerable  in  a  small  concern  than  in  a  large  one.  Thus  the  economy  which, 
-upon  12  sacks  of  flour  per  week,  would  scarcely  exceed  20  shillings  upon  the  whole, 
would,  on  the  contrary ,  assume  considerable  proportions  in  establiiuments  baking  from 
50  to  100  sacks  per  week. 

The  richness  or'  nutritive  powers  of  sotmd  flour,  and  also  of  bread,  are  proportional 
to  the  quantity  of  gluten  they  contain.  It  is  of  great  importance  to  determine  this 
point,  for  both  of  these  objects  are  of  enormous  value  and  consumption ;  and  it  may 
be  accomplished  most  easily  and  exactly  by  digesting  in  a  water-bath,  at  the  tempe- 
rature of  167^  F.,  1,000  grains  of  bread  (or  flour)  with  1,000  grains  of  bruised 
barley  malt  in  5,000  grains,  or  in  a  littie  more  thon  hidf  a  pint,  of  water.  When  this 
mixture  ceases  to  take  a  blue  colour  from  iodine  (that  is,  when  all  the  starch  is  con- 
verted into  a  soluble  dextrine),  the  gluten  lefb  undianged  may  be  collected  on  a  fllter 
doth,  washed,  dried  at  a  heat  of  212^  F.,  and  weighed.  The  colour,  texture,  and  taste 
of  the  gluten  ought  also  to  be  examined,  in  forming  a  judgment  of  good  flour  or  bread. 

The  question  of  tiie  relative  value  of  white  and  brown  bread,  as  nutritive  agents, 
is  one  of  very  long  standing,  and  the  arguments  on  both  sides  may  be  thus  resumed. 

The  advocates  of  brown  bread  hold : — 

That  the  separation  of  the  white  from  the  brown  parts  of  wheat  grain,  in  making 
bread,  is  likely  to  be  baneful  to  health  ; 

That  the  general  belief  that  bread  made  with  the  flnest  flour  is  the  best,  and  that 
whiteness  is  a  proof  of  its  quality,  is  a  popular  error ; 

That  whiteness  may  be,  and  generally  is,  communicated  to  bread  by  alum,  to  the 
ii\}ury  of  the  consumer ; 

Tliat  the  miller,  in  refining  his  fiour,  to  pleaSe  the  public,  removes  some  of  the 
ingredients  necessary  to  the  composition  and  nourishment  of  the  various  organs  of  our 
bodies ;  so  that  fine  fiour,  instead  of  being  better  than  the  meal,  is,  on  the  contanry, 
less  nourishing,  and,  to  make  the  case  worse,  is  also  more  difficult  of  digestion,  not  to 
speak  of  the  enormous  loss  to  the  population  of  at  least  25  per  cent  of  branny  flour, 

*  It  is  abflolotely  neoenary  thus  to  estabUsh  a  distinction  between  four  pounds  and  quartern  loKvts, 
becanae'  the  latter  very  leldom  indeed  haye  that  weight,  and  this  defloiency  is,  in  fact  ooe  of  the 
proflta  calculated  upon  ;  for  althongh  the  Act  of  Parliament  (WiU.  lY.  c.  xxxrii.)  ia  very  striot  And 
directs  (sect,  yii.)  that  baken  delivering  bread  bv  cart  or  carriage  shall  be  provided  with  scaka, 
weights,  ko.t  for  weighing  bread,  this  reqnifdtiou  is  seldom,  if  ever,  complied  with. 

There  aze  of  ooone  a  few  baken  whoso  quartern  loaves  weigh  ezMtly  four  pounds,  but  many 
•re  from  four  to  dx  ounces  short 
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containing  £rom  60  to  70  per  cent,  of  the  most  nutritions  part  of  the  flour,  a  loss  vhich, 
for  London  only,  is  equal  to  at  least  7>600  sacks  of  flonr  annually ; 

That  the  nn-wise  preference  given  so  universally  to  white  bread,  leads  to  the  ]^r- 
nicious  practice  of  mixing  alum  with  the  flour,  and  this  again  to  all  sorts  of  im- 
positions and  adulterations ;  for  it  enables  the  bakers  who  are  so  disposed,  by  adding 
alum,  to  make  bread  manufactured  from  the  flour  of  inferior  gnun  to  look  like  the 
best  and  most  costly,  thus  defrauding  the  purchaser  and  tampering  with  his  health. 

On  the  other  side,  the  partisans  <J  white  bread  contend,  of  wAtu^  that  all  these 
assertions  are  without  foundation,  and  their  reasons  were  summed  up  as  follows  in 
the  Bakert^  Gazette,  in  1849: — 

*  The  preference  of  the  public  for  white  bread  is  not  likely  to  be  an  absurd  pre- 
judice, seeing  that  it  was  not  until  after  years  of  experience  that  it  was  adopted  by 
them. 

*  ViQ  ado^on  of  white  bread,  in  preference  to  any  other  sort,  by  the  ^reat  bodv  of 
the  commuut^,  as  a  general  article  of  food,  is  of  itself  a  proof  of  its  being  the  best 
and  most  nutritious. 

'  The  finer  and  better  the  flour,  the  more  bread  can  be  made  from  it  Fifty-six 
pounds  of  flne  flour  from  good  wheat  will  make  sevenly-two  pounds  of  good,  sound, 
well-baked  bread,  the  brei^  having  retained  sixteen  pounds  of  water.  But  bran, 
either  fine  or  coarse,  absorbs  little  or  no  water,  and  adds  no  more  to  the  bread  than 
its  weight.* 

And,  lastly,  in  confirmation  of  thp  opinion  that  white  bread  contains  a  greater 
quantity  of  nutriment  than  the  same  weight  of  brown  bread,  the  writer  of  the  article 
winds  up  the  white  bread  defence  with  a  portion  of  the  Beport  of  the  Committee  of 
the  House  of  Commons,  appointed  in  1800,  *to  consider  means  for  rendering  more 
effectual  the  provisions  of  18  Geo.  IIL,  intituled  **  An  Act  for  the  better  regulating  the 
Assize  and  making  of  Bread."  * 

In  considering  Uie  propriety  of  recommending  the  adoption  of  farther  regulations 
and  restrictions,  they  understood  a  preiudice  existed  in  some  parts  of  the  country 
against  any  coarser  sort  of  bread  than  that  which  is  at  present  known  by  the  name 
of  *  flne  household  bread,'  on  the  ground  that  the  former  was  less  wholesome  and 
nutritious  than  the  latter.  The  opinions  of  respectable  physicians  examined  on  this 
point  are, — ^that  the  change  of  any  sort  of  food  whidi  forms  so  great  a  part  of  the 
sustenance  of  man  might  for  a  time  affect  some  constitutions ;  that  as  soon  as  persona 
were  habituated  to  it,  the  standard  wheaten  bread,  or  even  bread  of  a  coarser  sort, 
would  be  equally  wholesome  with  the  flne  wheaten  bread  which  is  now  generally 
used  in  the  metropolis ;  but  that,  in  their  opnion,  the  fine  wheaten  bread  woM  go 
farther  with  persons  who  have  no  other  food  than  the  same  quantity  of  bread  of  a 
coarser  sort 

It  was  suggested  to  them  that  if  only  one  sort  of  fiour  was  permitted  to  be  made» 
and  a  different  mode  of  dressing  it  adopted,  so  as  to  leave  in  it  the  fine  pollards, 
62  lbs.  of  fiour  might  be  extracted  from  a  bushel  of  wheat  weighing  60  lbs.,  instead 
of  47  lbs.,  which  would  afford  a  wholesome  and  nutritious  food,  and  add  to  the  quan- 
tity 5  lbs.  in  every  bushel,  or  somewhat  more  than  |th.  On  this  they  remarked,  that 
thero  would  be  no  savii%  in  adopting  this  proposition ;  and  they  begged  leave  to 
observe,  if  the  physicians  are  well  founded  in  their  opinions,  that  bread  of  coarser 
quality  will  not  go  equally  fax  with  fine  wheaten  bread,  and  increased  consumption 
of  wheaten  bread  would  be  the  consequence  of  the  measure. 

From  the  baker's  point  of  view,  it  is  evident  that  all  his  sympathies  must  be  in 
favour  of  the  water-absorbing  material,  and  therofore  of  the  fine  flour ;  for  each  pound 
of  water  added  and  retained  in  the  bread  which  he  sells  represents  this  day  so  many 
twopences ;  but  the  purchaser's  interest  lies  in  just  the  opposite  direction. 

ThA  question,  however,  is  not  in  the  language  of  the  Committee  of  the  House  of 
Commons  of  those  days,  or  of  the  physicians  whom  they  consulted,  whether  a  g^en 
weight  of  wheaten  bread  will  go  farther  than  an  equal  weight  of  bread  of  a  coarser 
sort ;  nor  whether  a  given  weight  of  puro  flour  is  moro  nutritious  than  an  equal 
weight  of  the  meal  £r(mi  the  same  wheat  used  in  making  brown  bread.  The  real 
question  is, — Whether  a  given  weight  of  wheat  contains  more  nutriment  than  roEWLOvn 
obtained  from  that  wewht  of  whmt. 

The  inquiry  of  the  Committee  of  the  House  of  Commons,  and  the  defence  of  white 
bread  versus  brown  bread,  resting  as  it  does,  in  this  respect,  upon  a  false  ground,  is 
thereforo  perfectly  valueless ;  for  whatever  may  have  been  the  opinion  of  respectable 
physicians  and  of  Committees,  either  of  those  days  or  of  the  present  times,  one  thing  is 
certain — namely,  that  bran  contains  only  9  or  10  per  cent  of  woody  flbro,  that  is,  of 
matter  devoid  of  nutritious  property ;  and  that  the  remainder  consists  of  a  larger  pro- 
portion of  gluten  and  starch,  fatty,  and  other  highly  nutritive  constituents,  with  a  few 
salts,  and  water,  as  proved  by  the  following  analysis  by  Millon : — 
VoL.1.  KK 
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(hm^iiiion  of  Wheat  Bran, 

StaicH 62*0 

Gluten 14-9 

Sugar 1-0 

Fatty  matter 3*6 

Woody  „             9-7 

Salts 5*0 

Water 13*8 

1000 

And  it  is  equally  certain  that  wheat  itself— the  whole  grain— <loefl  not  contain 
more  than  2  per  cent  of  unnutritious,  or  woody  matter,  the  bran  being  itself 
richer,  weight  tctt  weight,  in  gluten  than  the  fine  flour ;  the  whole  meal  contains, 
accordingly,  more  gluten  than  the  fine  fiour  obtained  therefrom.  The  relatiye  pro- 
portions of  gluten  in  the  whole  grain,  in  bran,  and  in  flour  of  the  same  sample  of 
wheat,  were  represented  by  the  late  Professor  Johnston  to  be  as  follows : — 

Gluten  of  Wheat, 

Whole  grain 12  per  cent. 

Whole  bran U  to  18  „      „ 

Fine  flour 10  „     „ 

Kow,  whereas  a  bushel  of  wheat  weighing  60  lbs.  produces,  according  to  the  mode  of 
manufacturing  flour  for  London,  47  lbs. — ^that  is,  78  per  cent,  of  flour,  the  rest  bising 
bran  and  pollards;  if  we  deduct  2  per  cent  of  woody  matter,  and  1^  p^  cent  for 
waste  in  grinding  at  the  mill,  the  bushel  of  60  lbs.  of  wheat  wo.uld  yield  58  lbs.,  or 
at  least  96|  per  cent,  of  nutritious  matter. 

It  is,  therefore,  as  dear  as  anything  can  possibly  be,  that  by  using  the  whole  meal 
instead  of  only  the  fine  flour  of  that  wheat,  there  will  be  a  difference  of  about  J^th 
in  the  product  obtained  from  equal  weights  of  wheat 

In  a  communication  made  to  the  Boyal  Institute  nearly  four  years  ago,  M.  M^e 
Mouri^  announced  that  he  had  found  under  the  envelope  of  the  grain,  in  the  internal 
part  of  the  perisperm,  a  peculiar  nitrogenous  substance  capable  of  acting  as  a  f  ennent, 
and  to  which  he  gave  the  name  of  'c^r^aline.'  This  substance,  wnich  is  found 
wholly,  or  almost  so,  in  the  bran,  but  not  in  the  best  white  fiour,  has  the  property  ot 
lique^ng  starch,  yery  much  in  Uie  same  manner  as  diastase ;  and  the  decreased  firm- 
ness of  the  crumb  of  brown  bread  is  referred  by  him  to  this  action.  The  coloration 
of  bread  made  ftom  meal  containing  bran  is  not,  according  to  M.  M^  Mouri^,  due, 
as  has  hitherto  been  thought,  to  the  presence  of  bran ;  but  to  the  peculiar  action  of 
corealin ;  this  new  substance,  like  vegetable  casein  and  gluten,  being,  by  a  slight  modi- 
fication, due  perhaps  to  the  contact  of  the  air,  transformed  into  a  ferment,  under  the 
infiuence  of  which  the  gluten  undergoes  a  great  alteration,  yielding,  among  other 
products,  anmionia,  a  brown-coloured  matter  analogous  to  ulmine,  and  a  nitrogenous 
product  capable  of  transforming  sugar  into  lactic  acid.  M.  M^e  Mouri^s  having 
experimentally  established,  to  the  satisfaction  of  a  committee  consisting  of  MM, 
Chevreul,  Dumas,  Pelouze,  and  Peligot,  that  by  paralysing  or  destroying  3ie  action 
of  cerealin,  as  described  in  the  specification  of  his  patent,  bearing  date  June  14, 
1866,  white  bread,  having  all  the  characters  of  first-quality  bread,  may  be  made,  in 
the  language  of  the  said  specification,  '  with  using  either  ^  the  white  or  raw  ele- 
ments ttiat  constitute  either  com  or  lye,  or  with  such  substances  as  could  produce,  to 
this  day,  but  brown  bread.* 

Cerealin,  according  to  M.  M^  Mouries,  has  two  very  distinct  properties : — the 
first  consists  in  converting  the  hydrated  starch  into  glucose  and  dextnne ;  the  second, 
which  is  much  more  important  in  its  results,  transforms  the  glucose  into  lactic,  acetic, 
butyric,  and  formic  add,  which  penetrate,  swell  up,  and  partly  dissolve  the  gluten, 
rendering  it  pulpy  and  emulsive,  like  that  of  rye ;  producing,  in  fact,  a  series  of  de- 
compositions, yielding  eventually  &  loaf  having  all  the  characteristics  of  bread  made 
firom  inferior  fiour. 

In  order  to  convert  the  whole  of  the  farinaceous  substance  of  wheat  into  white 
bread,  it  is  therefore  necessary  to  destroy  the  cerealin ;  and  the  process,  or  series  of 
processes,  by  which  this  is  accomplished,  is  thus  described  by  M.  M^e  Mouries  in 
his  specification : — 

*  The  following  are  the  means  I  employ  to  obtain  my  new  product : — 

*  Ist  The  application  of  vinous  fermentation,  produced  by  alcoholic  ferment  or 
yeast,  to  destroy  the  ferment  that  I  call  "c&rdalino*^  existing,  together  with  the  fcag- 
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mentfi  of  bran,  in  the  raw  flour,  and  which  in  some  measure  produces  the  acidity  of 
brown  bread  directly,  whilst  it  destroys  indirectly  most  part  of  the  gluten. 

*  2ndly.  The  thorough  purification  of  the  said  flonr,  either  raw  or  mixed  with 
bran,  (after  dilution  and  fermentation,)  by  the  sifting  and  separating  of  the  farina- 
ceous Hquid  from  the  fingments  of  bran  disseminated  by  the  millstone  into  the  in- 
ferior {ffoducts  of  com. 

Srdl^.  The  employing  that  part  of  com  producing  brown  bread  in  the  rough  state 
as  issuing  from  the  mill  after  a  first  grinding,  in  oider  to  facilitate  its  purification  by 
fermentation  and  wet  sifting. 

*4thly.  The  employing  an  acidulated  water  (by  any  acid  or  acid  salt)  in  order  to 
prevent  the  lactic  fermentation,  preserving  the  vinous  fermentation,  preventing  the 
yellow  colour  from  turning  into  a  brown  colour  (the  ulmic  add),  and  the  good  taste 
of  com  from  assuming  that  of  brown  bread.  However,  instead  of  acidulated  water, 
pure  water  ma^  be  employed  with  an  addition  of  yeast,  as  the  acid  only  serves  to 
facilitate  the  vinous  fermentation. 

*  6thly.  The  grinding  of  the  com  by  means  of  millstones  that  crush  it  thoroughly, 
increasing  thereby  the  quantity  of  foul  parts,  a  method  whidi  will  prove  very  bad 
with  the  usual  process,  and  very  advantageous  with  mine. 

*  6thly.  The  application  of  com  washed  or  stripped  by  any  suitable  means. 

'  7thly.  The  application  of  all  these  contrivances  to  wheat  of  every  description,  to 
rye,  and  other  grain  used  in  the  manufacture  of  bread. 

*  8thly.    The  same  means  applied  to  the  manufacture  of  biscuits. 

'  I  will  now  describe  the  manner  in  which  the  said  improvements  are  carried  into 
^fect.  

*  First  Instance.  When  flour  of  inferior  quality  is  fnade  use  of — ^This  description  of 
flour,  well  known  in  trade,  is  bolted  or  sifted  at  78,  74,  75,  or  80  per  cent,  (a  mark 
termed  Scvpion  mark  in  the  French  War  Department),  and  yields  bread  of  middle 
quality.  By  applying  to  this  sort  of  flour  a  liquid  yeast,  rather  different  from  that 
which  is  applied  to  white  flour,  in  order  to  quicken  the  work  and  remove  the  sour 
taste  of  bread,  a  very  nice  quality  will  be  obtained,  which  result  was  quite  unknown 
to  everybody  to  this  day,  and  which  none  ever  attempted  to  know,  as  none  before  me 
was  aware  of  the  true  causes  that  produce  brown  bread,  &c 

*  Now,  to  apply  my  process  to  the  said  flour  (of  inferior  mark  or  quality)  I  take  a 
part  of  t^e  same — a  fbiurth  ^art,  for  instance — ^which  I  dilute  with  a  suitable  quantity 
of  water,  and  add  to  the  fannaceous  liquid  1  portion  of  beer  yeast  for  200  pordons  gS. 
water,  toother  with  a  small  quantity  of  add  or  add  salt,  suffident  to  impart  to  the 
said  water  the  property  of  hghtly  staining  or  reddening  the  test-paper,  known  in 
France  by  the  name  of  papier  de  toumesol.  When  the  liquid  is  at  ndl  working,  I 
mix  the  remaining  portions  of  flour,  which  are  kneaded,  and  then  allowed  to  ferment  in 
the  usual  way.  The  yeast  applied,  which  is  quite  alcoholic,  will  yield  perfectly  white 
bread  of  a  very  nice  taste ;  and  I  dedare  that  if  similar  yeast  were  ever  commended 
before,  it  was  certainly  not  for  the  purpose  of  preventang  the  formation  of  brown 
bread,  the  character  of  which  was  believed  to  be  inherent  to  the  nature  of  the  very 
flour,  as  the  following  result  will  sufftdently  prove  it,  thus  divesting  such  an  applica- 
tion of  its  industrial  appropriation. 

*  Second  Instance.  When  raw  flour  is  made  use  of — ^By  raw  flour,  I  mean  the  com 
crushed  onlv  once,  and  from  which  10  to  15  per  cent,  of  rough  bran  have  been  sepa* 
rated.  Sucli  flour  is  still  mixed  with  fragments  of  bran,  and  is  employed  in  trade  to 
the  manufacture  of  so-called  white  flour  and  bran  after  a  second  and  third  grindinff 
or  crashing.  Instead  of  that,  I  only  separate,  and  without  submitting  it  to  a  fresh 
crushing,  ue  rough  flour  in  two  parts,  about  70  parts  of  white  flour  and  15  to  18  of 
rough  or  coarse  flour,  of  which  latter  the  yeast  is  made ;  this  I  dilute  with  a  suitable 
quantity  of  water,  suffident  to  reduce  the  whole  flour  into  a  dough,  say,  50  per  cent, 
of  the  whole  weight  of  raw  flour.  To  this  mixture  have  been  previously  added  the 
yeast  and  add,  (whenever  add  is  applied,  which  is  not  indispensable,  as  before 
stated),  and  tiie  wbole  is  allowed  to  work  for  6  hours  at  a  temperature  of  77^  F. 
for  12  hours  at  68**,  and  for  20  hours  at  59®,  thus  proportionally  to  the  temperature. 
While  this  working  or  fermentation  is  going  on,  the  various  elements  (c^^edine,  &c.) 
which  by  thdr  peculiar  action  are  productive  of  brown  bread,  have  undergone  a 
modiflcation ;  the  rough  parts  are  separated,  the  gluten  stripped  from  its  pellidos 
and  disaggregated,  and  the  same  flour  which,  by  the  usual  process,  could  have  only 
produceddeep  brown  bread,  will  actually  yield  flrst-rate  bread,  far  superior  to  that 
sold  by  bakers,  chiefly  if  the  firagments  of  bran  are  separated  by  the  following  process, 
which  consists  in  pouring  on  Sie  sieve,  described  hereafter,  the  liquid  containing 
the  rough  parts  of  flour  thus  disaggregated  and  modified  by  a  well-regulated  fermen- 
tation, 

*  The  sieve  alluded  to,  which  may  bo  of  any  form,  and  consist  of  several  tissues  of 
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different  tightness,*  tlie  closest  being  ever  axianged  underneath  or  the  most  forwazd, 
when  the  sieve  is  of  cylindrical  or  rertiGal  fomif  is  intended  to  kee^  back  the  frag- 
ments of  bran,  which  would  by  their  interposition  impair  the  whiteness  of  bread, 
and  by  their  weight  diminish  its  nutritive  power.  The  sifted  liquid  is  white,  and 
constitutes  the  yeast  -mth  which  the  i^te  flour  is  mixed  alter  being  separated,  so  as 
to  make  a  dough  at  either  a  first  or  several  workings,  according  to  uie  baker's  prac- 
tice. This  dough  works  or  ferments  very  quickly,  and  the  bread  resulting  therefrom 
is  unexceptionable.  In  case  the  whiteness  or  neatness  of  bread  should  be  looked  u^n 
as  a  thinff  ci  little  consequence,  a  broader  sieve  might  be  employed,  or  even  no  sieve 
used  at  tSl,  and  yet  a  very  nice  bread  be  obtained. 

*  The  saving  secured  by  the  application  of  my  process  is  as  follows  :^By  the 
common  process,  out  of  100  parts  of  wheat,  70  or  75  parts  of  flour  are  extracted, 
which  are  flt  to  yield  either  white  or  middle  bread ;  whilst,  by  the  improved  process, 
out  (tf  100  parts  of  wheat  85  to  88  parts  will  be  obtained,  yielding  broad  of  superior 
quality,  of  the  best  taste,  neatness,  and  nutritious  richness. 

'In  case  new  yeast  cannot  be  easily  provided,  the  same  should  be  dried  at  a 
temperature  of  about  86^  F.,  after  being  suitably  separated  by  means  of  some 
inert  dust,  and  previous  to  being  made  use  of  it  should  be  dipped  into  10  parts  of 
water,  lightly  sweetened,  for  8  to  10  hours,  a  fit  time  fbr  the  liquid  being  brought 
into  a  fall  fermentation,  at  which  time  the  yeast  has  recovered  its  former  power. 
The  same  process  will  hold  good  for  manufacturing  rye  bread,  only  25  per  cent., 
about,  of  coarse  bran  are  to  be  extracted.  For  manufiEustaring  biscuits,  I  use  also  the 
same  process,  onlv  the  dough  is  made  very  hard  and  immediately  taken  into  the 
oven,  and  the  products  thus  obtained  are  far  superior  to  the  common  biscuits,  both  for 
their  good  taste  and  preservation.  Should,  nowever,  an  old  practice  exclude  all 
manner  of  fermentation,  then  I  might  dilute  the  rough  parts  of  flour  in  either  acidu- 
lated or  non-acidulated  water,  there  to  be  left  to  work  for  the  same  time  as  before, 
then  edft  the  water  and  decant  it,  after  a  proper  settling  of  the  farinaceous  matters 
of  which  the  dough  is  to  be  made ;  thus  the  action  of  the  add,  decantation,  and  sifting, 
would  effectively  remove  all  causes  of  alteration,  which  generally  impair  the  biscuits 
made  of  inferior  flour. 

*  The  apparatus  required  for  this  process  is  very  plain,  and  consists  of  a  kneadinff 
trough,  in  which  the  foul  parts  are  mixed  mechaniailly,  or  by  manual  labour,  with 
the  Squid  above  mentioneo.  From  this  trough,  and  through  an  opening  made  therein, 
the  liquid  mixture  drops  into  the  fermenting  tub,  deeper  than  wide,  which  must  be 
kept  tightly  closed  during  the  fermenting  work.  At  the  lower  part  of  this  tub  a 
co^  is  fitted,  which  lets  the  liquid  mixture  down  upon  an  incline  plane,  on  which  the 
liquid  spreads,  so  as  to  be  equally  distributed  over  the  whole  surface  of  the  sieve. 
This  sieve,  of  an  oblong  rectangular  form,  is  laid  just  beneath,  and  its  tissue  ought 
to  be  so  dose  as  to  prevent  the  least  fragments  of  bran  from  passing  through ;  it  is 
actuated  by  the  hand,  or  rather  by  a  crank.  In  all  cases  that  part  of  the  deve  i^db 
is  oppodte  to  the  <sock  must  strike  upon  an  unyielding;  body,  for  the  purpose  of 
shaking  the  pellides  remaining  on  the  tissue,  and  driving  them  down  towurds  an 
outlet  on  the  lower  part  of  the  deve,  and  thence  into  a  trough  purposely  con- 
trived for  receiving  uie  waters  issuing  from  the  sieve,  and  dischuging  them  into  a 
tank. 

'  The  next  operation  consists  in  diluting  those  pellides,  or  rougher  parts,  wfaidi 
could  not  pass  through  the  deve,  dfldng  them  again,  and  using  the  white  water  re- 
sulting therefrom  to  dilute  the  foul  parts  intended  for  subsequent  operations.  The 
deve  or  deves  may  sometimes  happen  to  be  obstructed  by  some  parts  of  gluten  ad- 
hering thereto,  which  I  wash  off  with  addulated  water  for  dlk  tissues,  and  with  an 
alkali  for  metallic  ones.  This  washing  method  I  deem  veiy  important,  as  its  non- 
application  may  hinder  a  rather  large  operation,  and  therefore  I  wish  to  secure  it 
This  apparatus  may  be  liable  to  some  variations,  and  admit  of  several  deves  super- 
posed, and  with  di&rent  tissues,  the  broadest,  however  to  be  placed  uppermost 

'Among  the  various  descriptions  and  combinations  of  sieves  that  may  be  employed, 
the  annexed  figures  show  one  that  will  give  satifactory  results. 

*Fiff,  241  is  a  lon^tudinal  section,  and  ^.  242  an  end  view,  of  the  machine  from 
which  the  bran  is  ejected.  The  apparatus  rests  upon  a  cast-iron  framing  a,  consist- 
ing of  two  cheeks,  kept  suitably  apart  by  tie  pieces  b;  a  strong  cross-bar  on  the 
upper  pait  admits  a  wood  cylinaer  c,  cirded  round  with  iron,  and  provided  with  a 
wc^en  cock  d.  The  cylinder  c  receives  through  its  centre  an  arbor  /,  provided 
with  four  arms  «,  which  arbor  is  supported  by  two  cross-bars  g  and  A,  secured  by 
means  of  bolts  to  the  uprights  i.  Motion  is  imparted  to  the  arbor  /by  the  crank  j,  by 
pulleys  driven  by  the  endless  straps  A:,  and  by  the  toothed  wheel  I,  gearing  into  the 
whed  m,  which  is  keyed  on  the  upper  end  of  the  arbor  /.  3Beneath  the  cylinder  c, 
two  deves  n  and  o  are  borne  into  a  frame  jp,  suspended  on  one  end  to  two  chains  q. 
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and  on  the  other  rostang  on  two  goides  or  bearings  r,  beneath  which,  and  on  the 
crank  shafts  are  cams  9,  by  which  that  end  of  the  frame  that  carries  the  sieves  is 
alternately  raised  and  lowered.  A  strong  spring  if  is  set  to  &  shaft  hatne  by  the 
framing  a,  whilst  a  ratchet  wheel  provided  wiu  a  clink  allows  the   said  spring, 

241  242 


according  to  the  reqnirements  of  the  work,  to  give  more  or  less  impulse  or  shaking 
as  the  cams  9  are  acting  npon  the  frame-sieTe  carryine  the  sieve.  Seneath  the 
said  frame  a  large  hopper  t  is  disposed,  to  receive  and  lead  into  a  tank  the  liquid 
passing  through  the  sieves.  The  filter  sieve  is  worked  as  follows : — After  withdraw- 
ing, by  means  of  bolting  hutches,  70  per  cent,  about,  of  fine  fiour,  I  take  out  of  the 
remaining  30  per  cent,  about  20  per  cent,  of  groats,  neglecting  the  remaining  10  per 
cent.,  from  which,  however,  I  could  separate  the  little  flour  still  adhering  thereto, 
but  I  deem  it  more  available  to  sell  it  ^  in  this  state.  I  submit  the  20  per  cent,  of 
groats  to  a  suitable  vinous  fermentation,  and  have  the  whole  taken  into  the  cylinder  o, 
ttiere  to  be  stirred  by  means  of  the  arbor /and  the  arms  e ;  after  a  suitable  starring, 
the  cook  d  is  opened  and  the  liquid  is  let  out,  spread  on  the  uppermost  sieve  n,  whidi 
keeps  back  the  coarsest  bran.  The  liquid  drops  then  into  the  second  sieve  or  filter  o, 
by  which  the  least  fragments  are  retained ;  the  passage  of  the  liquid  through  the 
filters  is  quickened  by  the  quivering  motion  imparted  by  the  cams  a  to  the  frame 
carrving  Uie  sieve.' 

The  advantages  resulting  from  such  a  process  are  obvious :  first,  it  would  appear — 
and  those  experiments  have  been  confirmed  by  the  committee  of  the  Aoadteiie  des 
Sciences,  who  had  to  report  upon  them — ^that  no  less  than  from  16  to  17  per  cent  of 
white  bread  of  superior  quali^  can  be  obtained  from  wheat,  which  increase  is  not  due 
to  water,  as  in  other  methods,  but  is  a  true  and  real  one,  the  Commissioneni  having 
ascertained  that  the  bread  thus  manufactured  did  not  contain  more  water  than  that 
made  in  the  usual  way,  their  oomparative  examinations  in  this  respect  having  given 
the  following  results : — 

Lm9  hy  drying  in  Axr^ 

Cromb  Crust 

Old  method    ,        .        •        •        .    87*8    •        •    120  per  cent. 

New  method 37*6    •       •    14*0       „ 

Biflbienoe    •       •       .       •    00*8    •       r     2*0       „ 
Another  expeziment  by  Feligot : — 

XoM  hy  drying  in  Mr  at  248^  F. 

Omnib  ind  Oruif 

New  method 84-9  per  cent 

Old  method 84-1       ,, 


Biflbcenee 00*8 
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f  Since  the  enrolmenb  of  hie  Specification,  howeyer,  M.  H^  Moori^  has  made 
an  improyement,  which  simplifies  considerably  his  original  process,  according  to 
which  the  destmction  of  the  cerealin,  as  we  saw,  was  efifected  by  ordinal^  yeast ;  that 
is  to  say,  by  fidooholic  fermentation.  The  last  improyement  consiste  in  preventing 
cerealin  from  becoming  a  lactic  or  glucosic  ferm^it,  by  precipitating  it  with  common 
salt,  and  not  allowing  it  time  to  become  a  ferment  In  effect,  in  order  that  cerealin 
may  produce  the  objectionable  effects  alluded  to,  it  must  first  pass  into  the  state  of 
ferment,  and,  as  all  nitrogenous  substances  require  a  certain  time  of  incubation  to 
become  so,*  if,  on  the  one  hand,  cerealin  be  precipitated  by  means  of  common  salt, 
the  glucosic  action  is  neutralised ;  whilst,  on  tne  other  hand,  the  leyains  being  made 
with  flour  containing  no  cerealin — that  is  to  say,  with  best  white  flour — if  a  short  time 
before  baldng  households  or  seconds  are  added  thereto,  it  is  dear  that  time  will  be 
wanting  for  it  (Uie  ferment)  to  become  developed  or  organised,  and  that,  under  this 
treatment,  the  bread  will  remain  white. 

The  application  of  these  sdentifio  deductions  will  be  better  understand  by  the  fbl« 
lowing  description  of  the  process : — 

100  parts  of  dean  wheal  are  ground  and  divided  as  follows : 

Best  whites  for  leaven 40*0 

White  groats,  mixed  with  a  few  partides  of  bran          .  SSK) 

White  groats,  mixed  with  a  larger  quantity  of  bran      .  8*0 

Bran  (not  used) 16*5 

Loss ,        .        .  0*5 

10?0 

These  figures  vary,  of  course,  according  to  the  kind  of  wheat  used,  according  to 
seasons,  and  according  to  the  description  of  mill  and  the  distance  of  the  millstones 
used  for  grinding. 

« In  order  to  convert  these  products  into  bread,'  says  M.  M&ge  Mourite,  '  a 
leaven  is  to  be  made  by  mixing  the  40  parts  of  best  fiour  above  alluded  to^  with  20 
parts  of  water,  and  proceeding  with  it  according  to  the  mode  and  custom  adopted  in 
each  locality.  This  leaven,  no  matter  how  prepared,  being  ready,  the  ^  parts  of  groats 
mixed  with  the  larger  quantity  of  bran  above  alluded  to,  are  diluted  in  46  ports  of 
water  in  which  0*6  parts  of  common  salt  have  been  previously  dissolved,  and  the 
whole  is  passed  through  a  sieve  which  allows  the  flour  and  water  to  pass  through,  but 
retains  and  separates  the  partides  of  bran.  The  watery  liquid  so  obtained  has  a  white 
colour,  is  floccolent,  and  loaded  with  cerealin ;  it  no  longer  possesses  the  property  of 
liquefying  gelatinous  starch,  and  weighs  88  parts  (the  remainder  of  the  water  is 
retained  in  the  bran,  which  has  swelled  up  in  consequence,  and  remains  on  the  sieve^ 
The  leaven  is  then  diluted  with  that  water,  which  is  loaded  with  best  flour,  and  is 
used  for  converting  into  dough  the  38  parts  of  white  groats  above  alluded  to;  the 
dough  is  then  divided  into  suitable  portions,  and  after  allowing  it  to  stand  for  one 
hour,  it  is  flnally  put  in  the  oven  to  be  baked.  As  the  operations  just  described  take 
place  at  a  temperatore  of  25°  C.  (  ^77°  F.),  the  one  hour  during  which  the  dough  is 
left  to  itself,  is  not  suffident  for  the  cereahn  to  pass  into  the  state  of  ferment,  and  the 
consequence  is  the  production  of  white  bread.  Should,  however,  the  temi>eratare  be 
higher  than  that,  or  were  the  dough  allowed  to  be  kept  for  a  longer  time  before 
bs&ng,  the  bread  produced,  instead  of  being  white,  would  be  so  mu(m  darker,  as  the 
contact  would  have  lasted  longer.  By  this  process,  100  parts  in  wdght  of  wheat 
yield  186  parts  of  dough,  and,  finally,  115  pcurts  in  weight  of  bread'  instead  of  100, 
'vdiidi  the  same  quantity  of  wheat  would  have  yielded  in  the  usual  way.  This  is 
supposing  that  the  grinding  of  the  wheat  has  been  effected  with  dose  set  millstones ; 
if  ground  in  the  us^  manner,  the  average  yield  does  not  exceed  112  parts  in  weight 
of  bread. 

The  substances  which  are  now  almost,  exclusively  employed  for  adulterating  bread 
are,  tDoiar,  alone  or  incorporated  with  rice,  or  water  and  alum ;  other  substances,  how- 
ever, are  or  have  been  also  occasionally  used  for  the  same  purpose. 

This  retention  of  water  into  bread  is  secured  by  underbaking,  by  the  introduction 
of  rice,  of  potatoes,  and  other  feculse,  and  of  alum. 

Underbaking  is  an  operation  which  consists  of  keeping  in  the  loaf  the  water  which 
otherwise  would  escape  while  baking ;  it  is,  therefore,  a  process  for  selling  water  at 
the  price  of  broad.  It  is  done  by  introdudng  the  dough  into  an  oven  unduly  heated, 
whereby  the  gases  contained  in  the  dough  at  once  expand,  and  swell  it  up  to  the 
oidinaiy  dimensions,  whilst  a  deep  burnt  crust  is  immediatdy  afterwards  formed ; 

•  OonimimloitiOQ  of  X.  lOge  Hoaiite  to  the  Aoadteile  dfli  Botonoe^  Ja^^ 
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wbieh,  inininnch  m  it  i0  a  bod  oondnotor  of  heat,  preyents  the  interior  of  the  loaf 
from  being  thoroughly  baked,  and  at  the  same  time  opposes  the  free  exit  of  the  water 
contained  in  the  dongh,  and  which  the  heat  of  the  oven  partly  converts  into  steam ; 
while  the  crnst  becomes  thicker  and  darker  than  it  otherwise  should  be,  a  sensible 
loss  of  nutritiTe  elements  being  sustained,  at  the  same  time,  in  the  shape  of  pyrogenons 
products,  which  are  dissipated. 

The  proportion  of  water  retained  in  bread  by  onderbaking  is  sometimes  so  larger 
that  a  baker  may  thus  obtain  as  much  as  106  loares  from  a  sack  of  flour. 

The  addition  of  boiled  rice  to  the  dough  is  also  pretty  frequently  used  to  increase 
the  yield  of  loaves ;  this  substance,  in  fact,  absorbs  so  much  water  that  as  many  as 
116  quartern  loaves  have  thus  been  obtained  from  one  sack  of  flour. 

From  a  great  number  of  experiments  made  with  a  view  to  determine  the  normal 
quantity  of  water  contained  in  the  crumb  of  genuine  bread,  it  is  ascertained  that  it 
amounts,  in  new  bread,  from  S8  at  least  to  at  most  47  per  cent 

The  quantity  of  water  contained  in  bread  is  easily  determined,  by  cutting  a  slice 
of  it,  weighing  500  grains,  for  example,  placing  it  in  a  small  oven  heated,  by  a  gas- 
burner  or  a  lamp,  to  a  temperature  of  about  220^  F.,  until  it  no  longer  loses  weight, 
the  difference  between  the  first  and  last  weighing  (that  is  to  say,  the  loss)  indicating, 
of  course,  the  amount  of  water. 

Alum,  however,  is  the  principal  adulterating  substance  used  by  bakers,  almost 
without  ewoepium,  in  this  metropolis ;  as  was  proved  by  Dr.  Normanbv  in  his  evidence 
before  the  Select  Committee  of  the  House  of  Commons,  appointed  in  1856,  under 
the  presidence  of  Mr.  W.  Scholefleld,  to  inquire  into  the  adulteration  of  food,  drinks, 
and  drugs,  which  assertion  was  corroborated  and  established  beyond  doubt  by  the 
other  chemists  who  were  examined  also  on  the  subject. 

The  introduction  of  alum  into  bread  not  only  enables  the  baker  to  give  to  bread 
made  of  flour  of  inferior  quality  the  whiteness  of  the  best  bread,  but  to  force  and 
keep  in  it  a  larger  quantity  of  water  than  could  otherwise  be  done.  We  shall  see 
presently  that  tMs  fact  has  been  denied,  and  on  what  grounds. 

The  quantity  of  alum  used  varies  exceedingly;  bat  no  appreciable  effect  is  produced 
when  the  proportion  of  alum  introduced  is  less  than  1  in  900  or  1,000,  which  is  at  the 
rate  of  27  or  28  grains  in  a  quartern  loaf.  The  use  of  alum,  however,  has  become  so 
universal,  and  the  Act  of  Parliament  which  regulates  the  matter  has  so  long  been 
considered  as  a  dead  letter,  from  the  trouble,  and  chance  of  pecuniary  loss  which  it 
entails  on  the  prosecutor  should  his  accusation  prove  unsnccesisfal,  that  but  few,  and 
until  oidte  lately  none,  of  the  public  ofOcers  would  undertake  the  dischaige  of  a  duty 
most  disagreeable  in  itself  and  at  the  same  time  frill  of  risk. 

When  alum  is  used  in  making  bread,  one  of  the  two  following  things  may  happen : 
either  the  alum  will  be  decomposed,  as  just  said,  in  which  case  the  alumina  wiU,  of 
necessity,  be  set  free  as  soon  as  digestion  will  have  decomposed  the  organic  matter 
with  which  it  was  combined ;  and  thus  it  is  presumable  that  either  idum  will  be 
re-formed  in  the  stomach,  or  that,  according  to  liebig,  the  phc«phoric  acid  of  the 
I^osphates  of  the  bread,  uniting  with  the  alumina  of  the  alum,  will  form  an  insoluble 
phosphate  of  alumina,  and  the  beneficial  action  of  the  phosphates  will,  consequently, 
be  loit  to  the  system ;  and  since  phosphoric  add  forms  with  alumina  a  compound 
hardly  decomposable  by  alkalis  or  adds,  this  may,  perhaps,  explain  the  indiges- 
tibilitr  of  the  London  bakers'  bread,  which  strikes  all  fordgners.  —  Letters  on 
Chemistry. 

The  last  defence  set  up  in  behalf  of  alumed  bread  to  be  noticed  is,  that,  with 
certain  descriptions  of  fiour,  bread  cannot  be  made  without  it;  that  by  means  of 
alum  a  large  quantity  of  fiour  is  made  available  for  human  food,  which,  without  it^ 
must  be  withdrawn,  and  turned  to  some  other  less  important  uses,  to  the  great 
detriment  of  the  population,  and  particularly  of  the  poor,  who  would  be  the  first 
to  suffer  from  the  increase  of  the  pnce  of  bread  which  such  a  withdrawal  must  &tally 
produce. 

The  process  usually  adopted  for  the  detection  of  alum  is  that  known  as  Kuhlmann's 
process,  whidi  consists  in  indnerating  about  3,000  grains  of  bread,  porphyrising  the 
ashes  so  obtained,  treating  them  by  nitric  add,  evaporating  the  mixture  to  dryness, 
and  diluting  the  residue  with  about  300  grains  of  water,  with  the  helo  of  a  gentle 
heat;  without  filtering,  a  solution  of  caustic  potash  is  then  added,  the  whole  is  boiled 
a  litde,  filtered,  the  filtrate  is  tested  with  a  solution  of  sal-ammoniac,  and  boiled  for  a 
few  minutes.  If  a  predpitate  is  formed  it  is  not  alumina^  as  hitherto  thought  and 
stated  by  Euhlmann  and  all  other  chemists,  but  phosphate  of  alumdut, — a  drcumstanoe 
of  great  importance,  not  in  testing  for  the  presence  of  alumina,  but  for  the  determi- 
nation of  its  amount,  as  will  be  wown  further  on,  when  entering  into  the  details  of 
the  modifications  which  it  is  necessary  to  make  to  Euhlmann's  process. 
In  a  paper  read  in  April  1 858,  at  the  Sodety  of  Aits,  Dr.  Odling  stated  that  oat  of 
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46  examinalionB  of  ashes  fbrnished  him  by  Dr.  Gilbert,  and  treating  them  bj  flie 
above  process,  he  (Dr.  Odling)  obtained,  to  use  his  own  words,  *in  21  instances,  the 
celebrated  white  precipitate  said  to  be  indicative  of  alumina  and  alnm,  so  that  had 
these  samples  be^  in  a  manufactured  instead  of  the  natural  state — ^had  the  wheat, 
for  example,  been  made  into  flour — ^I  should  have  been  justified,  according  to  the 
authority  quoted,  in  pronouncing  it  to  be  adulterated  with  alum.  But  a  subsequent 
examination  of  the  predpitates  I  obtained,  showed  that  in  reality  they  were  not  due 
'to  alumina  at  aU.  M.  ETuhlmann's  process,  as  above  described,  is  {possessed  of  rare 
merits :  it  will  never  faXL  in  detecting  alumina  when  present,  and  will  often  succeed 
in  detecting  it  when  absent  also.  The  idea  of  weighing  this  dla  podrida  of  a  preci- 
pitate, and  from  its  weight  calculating  the  amount  of  slum  present,  as  is  gravely  re- 
commended by  great  anti-adulteiation  adepts,  is  too  preposterous  to  require  a  moment's 
refutation* 

In  order,  however,  to  render  the  process  for  the  detection  of  alum  in  br^ad  £ree  tram 
' objections,  tbe  following  method  is  recommended.  It  requires  only  ordinaiy  care,  and 
it  IS  perfectly  accurate : — 

Gut  the  loaf  in  half;  take  a  thick  slice  of  crumb  from  the  middle,  caroftilly 
trimming  the  edges  so  as  to  remove  the  crust,  or  hardened  outside,  and  weig^  off 
1,600  or  8,000  grains  of  it;  crumble  it  to  powder,  or  cut  it  into  slices,  and  expose 
them,  on  a  sheet  of  platinum  foil  turned  up  at  the  edges,  to  a  low  red  heat,  until 
fumes  are  no  longer  evolved,  and  the  whole  is  reduced  to  charcoal,  which  will  re- 
quire from  twenty  to  forty  minutes,  according  to  the  quantity;  transfer  the  charcoal 
to  a  mortar,  and  reduce  it  to  fine  powder;  put  now  this  finely-pulverised  charcoal 
back  again  on  the  platinum  foil  tray,  and  leave  it  exposed  thereon  to  a  dark  cheny- 
red  heat  until  reduced  to  grey  ashes,  for  which  purpose  gas-fonace  lamps  will  be 
found  very  convenient,  Gnly  a  cherry-red  heat  should  be  applied,  bemuse  at  a 
higher  temperature  the  ashes  might  fiise,  and  the  incineration  be  thus  retarded. 
Bemove  the  source  of  heat,  drench  the  grey  ashes  with  a  concentrated  solution  of 
nitrate  of  ammonia,  and  carefully  reapply  the  heat ;  the  last  portions  of  charcoal  will 
thereby  be  burnt,  and  the  ashes  wiU  then  have  a  white  or  drab  colour.  Drendi  them 
on  the  tray  with  moderately  strong  and  pure  hvdrochloric  add,  and  after  one  or  two 
minutes'  standing,  wash  the  contents  of  the  platiTium  foil  tray,  with  distilled  water, 
into  a  porcelain  dish ;  evaporate  to  perfect  diyness,  in  order  to  render  tJie  silica 
insoluble ;  drench  the  perfectly  dry  residue  with  strong  and  pure  muriatic  acid,  and, 
after  standing  for  five  or  six  minutes,  dilute  the  whole  with  water,  and  boil;  while 
boiling,  add  carefiilly  as  much  carbonate  of  soda  as  is  necessaiy  nearly,  but  not  quite, 
to  saturate  the  add,  so  that  the  liquor  may  still  be  add ;  add  as  much  pure  alcohol- 
potash  as  is  necessary  to  render  it  strongly  alkaline ;  boil  the  whole  for  about  three 
or  four  minutes,  and  filter.  If  now,  after  slightly  su^rsaturating  the  strongly  alka- 
line filtrate  with  pore  muriatic  add,  the  further  addition  of  a  solution  of  carbonate  of 
ammonia  produces,  dther  at  once  or  after  heating  it  for  a  few  minutes,  a  light,  white, 
flocculent  nredpitate,  it  is  a  sign  of  the  {oesence  of  alumina,  the  identity  of  which  is 
confirmed  by  coUecting  it  on  a  filter,  imtting  a  small  portion  of  it  on  a  platinum  hook, 
or  on  charcoal,  heating  it  thereon,  moistening  the  liUle  mass  with  nitrate  of  cobalt, 
and  agun  strmigly  heating  it  before  the  blowpipe ;  when  if,  without  fimng^  it  assumes 
a  beautiftal  blue  colour,  the  presence  of  alumina  is  corroborated.  If  the  operator  pos- 
sesses a  silver  capsule,  he  will  do  well  to  use  it  instead  of  a  porcelain  one  for  boiling 
the  mass  with  pure  caustic  alcohol-potash,  in  order  to  avoid  all  chance  of  any  silica 
(from  the  glaze)  becoming  dissolved  by  the  potash,  and  afterwards  simulating  the 
presence  of  alumina,  though,  if  the  boUing  be  not  protracted,  a  porcelain  capsule  is 

?uite  available.  It  is,  however,  absolutely  necessary  that  he  should  use  poUuae  d 
alcohol,  for  ordinary  caustic  potash  altoays  contains  some,  and  occasionally  consider- 
able quantities  of  alumina,  and  is  totally  unsuited  for  such  an  investigation.  Even 
poiaase  &  Vakohol  retains  traces  of  silica,  either  alone  or  combined  with  alumina ;  so 
that  for  this,  and  other  reasons  which  wiU  be  explained  presently,  an  extEavagant 
quantity  of  it  should  not  be  used. 

Lastly,  carbonate  of  ammonia  is  preferable  to  caustic  ammonia  for  predpitating  the 
alumina,  since  that  earth  is  tax  irom  bdng  insoluble  in  caustic  ammonia. 

The  liquor  from  niiich  the  alumina  has  been  separated  should  now  be  addifiedwith 
hydrochlorio  add,  and  tested  with  chloride  of  barium,  which  should  then  yield  a 
copious  predpitate  of  sulphate  of  baxytes. 

The  only  predpitate  whidi  can,  under  the  circumstances  of  the  experiment,  simulate 
alumina,  is  the  phosphate  of  that  earth,  which  behaves  with  all  reagents  as  pure  alu- 
mina. Sudi  a  predpitate,  therefore,  if  taken  account  of  as  pure  alumina,  would  alto- 
pther  vitiate  a  quantitative  anal^rsis  if  the  amount  of  alum  ware  calculated  from  it ; 
but  the  proof  that  a  cerfadn  quantity  of  alum  had  been  used  in  the  bread  from  which 
it  had  l>een  obtained  would  iQDUun  un^shakeni  dnoe  alumina,  whethw  in  that  state 
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cr  in  that  of  its  phoimhate,  ocmld  not  haye  baen  fbund  ezoept  a  salt  of  alumina 
— to  iriti  alum— bad  been  nsed  bj  the  baker.  When,  therefoire,  the  exact  amount 
•of  alumina  has  to  be  determined,  the  precipitate  in  question  should  be  submitted 
to  fmrther  treatment  in  order  to  separate  the  alumina ;  and  this  can  be  done  easily 
and  rapidly  by  dissdiing  the  predpitate  in  nitric  add,  adding  a  little  metaUio  tin  to 
the  liquor,  and  bcnling.  The  tin  becomes  rapidly  oxidised,  and  remains  in  the  state 
of  an  insoluble  vhite  powder,  which  is  a  mixture  of  peroxide  of  tin  and  of  phosphate 
of  tin,  at  the  expense  of  all  the  phosphoric  acid  of  any  earthy  phosphate  which  may 
haye  been  present  The  whole  mass  is  eyaporated  to  dryness,  and  the  dry  residue  is 
then  treated  by  water  and  filtered,  in  order  .to  separate  the  insoluble  wMte  powder, 
and  the  filtrate  which  contains  the  alumina  should  now  be  supersaturated  with  car- 
bonate of  ammonia.  If  a  precipitate  is  formed,  it  is  pure  alumina.  The  white  insoluble 
powder,  after  washings  ma^  be  dissdyed  in  hydrodiloric  add,  and  after  diluting  the 
solution  with  water,  the  tin  may  be  predpitated  therefi»m  l^  passing  through  it  a 
stream  of  sulphuretted  hydrogen  to  supersatoration,  leaying  at  rest  for  ten  or  twelye 
hours,  filtering,  boiling  the  fihiate  until  all  odour  of  sulphuretted  hydrogen  has  disap- 
peared ;  an  excess  of  nitrate  of  silyer  is  then  added,  and  the  liquor  filtwed,  to  sepa- 
rate the  chloride  of  silyer  produced,  and  esactly  neutralising  the  filtrate  with  ammonia ; 
and  if  a  lemon-yellow  predpitate  is  produced,  immediately  sduble  in  the  slightest 
excess  of  dther  ammoma  or  nitric  ado,  it  is  bade  phosphate  of  silyer  (8AgO),  FhO*, 
the  predpitate  obtained  in  the  first  instance  being  thus  proyed  to  be  phosphate  of 
alumina.  The  pore  alumina  obtained  ma^  now  be  oollected  on  a  filter,  washed  with 
boiling  water,  tharooghly  dried,  and  then  ignited  and  weighed.  One  grain  of  alumina 
represents  9*027  grains  of  crystallised  alum. 

In  testing  bread  for  alum,  it  should  be  bomo  in  mind,  howeyer,  that  the  water  used 
for  making  the  dough  generally  contains  a  certain  quantity  of  sulphates,  and  that  a  pre- 
dpitate of  sulphate  of  barytes  will  therefore  be  yery  frequently  obtained,  though  much 
less  considerable  than  when  alum  has  been  used.  Some  waters  called  *  selenitous '  con- 
tain so  much  sulphate  of  lime  in  solution,  that  if  they  ware  used  in  making  the  dough, 
chloride  of  barium  would  affined,  of  course,  a  considerable  predpitate.  For  these 
reasons,  therefore,  the  separation  and  identification  of  alumina  are  the  only  reliable 
proofiB ;  because,  as  that  earth  does  not  exist  normally  in  any  shape  in  wheat  or  com- 
mon salt  otherwise  than  in  traces,  the  proof  that  alum  has  been  used  becomes  irre- 
sistible when  we  find,  on  the  tine  hand,  alumina,  and,  on  the  other,  a  more  oondderable 
amount  of  sulphate  of  bazytes  than,  except  under  the  most  extraordinary  circum- 
stances, genuine  bread  would  yield. 

Sidphaie  of  copper,  like  alum,  possesses  the  property  of  hardening  gluten,  and  thus, 
with  a  fiour  of  inferior  quality,  bread  can  be  made  of  good  appearance,  as  if  a  superior 
fiour  had  been  used. 

The  use  of  snlphate  of  copper  in  bread  is  said  to  haye  originated  about  26  or  30  years 
ago  with  the  bakers  of  Bel^um. 

M.  Euhlmann,  Professor  of  Chemistxy  at  Lille,  haying  been  called  upon  seyeral 
times  by  the  courts  of  justice  to  examine,  by  chemical  processes,  bread  suspected  of 
contaimng  substances  iinurious  to  health,  collected  some  interesting  facts  upon  the 
subject,  which  were  published  under  the  direction  of  the  central  coundl  of  salubrity 
of  the  department  du  Nord. 

For  some  time  public  attention  has  been  drawn  to  an  odious  fraftd  committed  by  a 
great  many  bakers  in  the  north  of  France  and  in  Belgium,— the  introduction  <x  a 
certain  miantity  of  sulphate  of  copper  into  their  bread.  When  the  fiour  was  made 
from  bad  grain,  this  adulteration  was  yeiy  generally  practised,  as  was  proyed  by  many 
conyictions  and  conf esdons  of  the  guilty  persons,  wnen  the  dough  does  not  rise  well 
in  the  fermentation  (le  pain  powdeplat)^  this  inconyenience  was  found  to  be  obyiated 
by  the  addition  of  blue  yitriol,  which  was  supposed  also  to  cause  the  fiour  to  retain 
more  water.  The  quantity  of  blue  yitriol  added  is  extremely  small,  and  it  is  neyer 
done  in  presence  of  strangers,  because  it  is  redconed  a  yaluable  secret  It  occadons 
no  economy  of  yeast,  but  rather  the  reyerse.  In  a  litre  (about  a  quart)  of  water,  an 
ounce  of  sulphate  of  copper  is  dissolyed ;  and  of  this  solution  a  wine-glassful  is  mixed 
with  the  water  necessary  for  60  quartern  or  4-pound  loayes. 

Lime  water  has  been  recommended  by  liebig  as  a  means  of  improying  the  bread 
made  from  inferior  flour,  or  of  flour  slightly  damaged  by  keeping,  by  warehousing,  or 
during  transport  in  ships ;  and  this  method,  at  the  meeting  of  we  British  Assodation  at 
Glasgow,  in  1866,  was  reported  as  haying  been  tried  to  a  somewhat  oondderable 
extent  by  the  bakers  of  that  town,  and  with  success ;  the  bread  kneaded  with  lime- 
water,  instead  of  pure  water,  being  of  good  appearance,  sood  taste,  good  textore,  and 
free  from  the  sour  taste  which  inyariably  belongs  to  alumed  or  eyen  to  genuine  bread ; — 
admitting  all  this  to  be  true,  still  we  should  deprecate  the  use  of  lime-water  in  bread, 
becaua  it  cannot  be  done  with  impunity ;  howerer  small  the  dose  of  additional  matter 
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may  be  oonsiderod  when  taken  separately,  it  is  always  laxge  iHien  considered 
as  portion  of  an  article  of  food  like  bread,  consumed  day  afteor  day,  and  at  each 
meal,  without  intermption.  To  allow  articles  of  food  to  be  tampered  with, 
nnder  any  drcomstances,  is  a  dangerous  practice,  even  if  it  were  proved  that 
it  can  be  done  without  risk,  which,  however,  is  not  the  case ;  and  Liebig  himself 
has  said  that  chemists  should  never  propose  the  use  of  chemical  products  for  culinary 
preparations. 

The  quantity  of  ashes  left  after  the  incineration  of  genuine  bread,  varies  from  1*5 
at  least  to  at  most  8  per  cent ;  and  if  the  latter  quantity  of  ashes  be  exceeded,  the 
excess  may  safely  be  pronounced  to  be  due  to  an  artificial  introduction  of  some  saline 
or  earthy  matter. 

As  to  the  addition  to  bread  of  potatoes,  beans,  rice,  turnips,  maize,  or  Indian  com, 
which  has  occasionally  been  practised  to  a  considerable  extent,  especially  in  years  of 
ecard^,  it  is  evident  that  they  are  actually  permitted  under  the  Act  of  Parliament, 
WilLIV.cap.  27.sect  11. 

In  his  '  New  Letters  on  Ohemistry,'  Liebig  makes  the  following  remarks  on  the 
subject: — 

'  The  proposals  which  have  hitherto  been  made  to  use  substitutes  for  flour,  and 
thus  diminish  the  price  of  bread  in  times  of  scarcity,  prove  how  much  the  rational 
principles  of  hygiene  are  disregarded,  and  how  unknown  the  laws  oi  nutrition  are 
still.  It  is  with  food  as  with  fuel.  If  we  compare  the  price  of  the  various  kinds 
of  coals,  of  wood,  of  turf,  we  shall  find  that  the  number  of  pence  paid  for  a  certain 
volume  or  weight  of  tiiese  materials  is  about  proportionate  to  the  number   of 

degrees  of  heat  which  they  evolve  in  burning The  mean  price  of  food 

in  a  large  oountiy  is  oroanarily  the  criterion  of  its  nutritive  value. 

Ckmsidered  as  a  nutritive  agent,  rye  is  quite  as  dear  as  wheat ;  such  is  the  case 
also  with  rice  and  potatoes ;  in  fact,  no  other  flour  can  replace  wheat  in  this 
respect.  In  times  of  scarcity,  however,  these  ratios  undergo  modification,  and 
potatoes  and  rice  acquire  then  a  higher  value,  because,  in  addition  to  their  natural 
value  as  respiratory  food,  another  value  is  superadded,  which  in  times  of  abundance 
is  not  taken  into  account 

'  The  addition  to  wheat  flour  of  potato  starch,  of  dextrine,  of  the  pulp  of  turnips, 
gives  a  mixture,  the  nutritive  value  of  which  is  equal  to  that  of  potatoes,  or  perhaps 
less ;  and  it  is  evident  that  one  cannot  consider  as  an  improvement  this  transforma- 
tion of  wheat  flour  into  a  food  having  only  the  same  value  as  rice  or  potatoes.' 

The  detection  of  potato  starch,  of  beans,  peas,  Indian  com,  rice,  and  oti^er  feeul», 
which  is  so  easily  erocted  by  means  of  the  microscope  in  flour,  is  exceedingly  dif- 
ficult if  not  impossible,  in  bread.  Bread  which  has  been  made  wiUi  flour  mixed  with 
Indian  com  is  harsher  to  the  touch,  and  has  frequently  a  slight  yellowish  colour,  and 
when  moistened  with  solution  of  potash  of  ordinary  strong,  a  yellow  or  greenish- 
yellow  tinge  is  developed. — ^The  late  Br.  A.  N.  See  Toast,  LaivsN. 
We  exported  in  1871  the  following  quantities  of  Bbsad  and  Biscuits  : — 

owti. 

ToBussia 2,167 

Sweden 2,249 

Norway 8,778 

Germany 1,967 

Holland ••        .        .    10,107 

Belgium 9,089 

France 194,646 

Portugal,  Azores,  and  Madeim 2,868 

Italy 7,488 

United  States,— Atlantio 10,027 

Pacific 104 

Foreign  West  Indies 2,424 

Pern .      1,616 

Brazil 8,966 

Argentine  Ck>nfederation 2,219 

Channel  Islands 4,686 

British  India :  '  , 

Bombay  and  S(nnde 1,611 

Bengal 1,499 

O^lon 2,046 

Bntish  West  India  Islands  and  British  Guiana   .       .      2,296 
Other  countries  .•••••..    26,027 

291,047 
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{Jrtooarpaeea,  fyros,  bread ;  X'^'t  fruit,)  The  A, 
indta,  the  trae  bread-£rait  tree,  is  a  natiye  of  the  South  Sea  lelands,  inhabitiiig  such 
places  AS  are  hot  and  damp.  The  tree  is  about  twelve  inches  diameter,  and  grovs  to 
the  height  of  forty  feet  The  fruit  is  about  the  size  of  a  melon,  and  the  seeds  aro 
large  nut-like  bodies.  The  fleshy  receptacle  is  the  valuable  part  of  the  fruit.  It  is 
very  white,  and  of  the  consistence  of  new  bread.  When  washed  it  becomes  ezcellont 
food,  tasting  like  wheaten  bread,  only  a  little  sweeter. 

A  cloth  is  made  of  the  fibres  of  the  inner  bark ;  the  wood  is  used  for  building 
houses  and  boats.  The  leaves  are  used  as  towels  and  table-cloths,  and  to  wrap  pro- 
visions in.  The  male  catkins  serve  as  tinder,  and  the  jmce  is  employed  as  bi^ime, 
and  to  mend  the  cracks  in  the  water  vessels  of  the  natives.  See  Cow  Tbbb,  Jack 
Tbbk,  Ufas  Tbbb. 

BBSOOZA.  An  Italian  term  used  for  a  rook  composed  of  angular  fragments  of 
stone,  cemented  together  by  an  earthy  or  a  mineral  substance.  It  corresponds  to  the 
*  bzockrans '  of  the  Cumberland  miners. 

MMMOOIATMB  AOJLTa.  An  agate  composed  of  fragments  of  jasper,  blood- 
stone, &c.,  cemented  by  chaloedomr. 

BXBBXas.  (Braise,  Ft,)  llie  dust  of  coke  or  charcoaL  The  coke  burner  applies 
this  term  to  die  small  residual  coke  obtained  in  coke  burning.  The  sifted  ashes 
removed  from  houses  is  called  breeze,  and  sold  under  that  name  to  brickmakeis  and 
others. 

BBTOH»  OVXV.  An  oven  for  the  manufiEicture  of  small  coke.  Mr.  Joseph 
Davis,  of  Birmingham,  has  patented  (Specificationt  a.d.  1866,  No.  1,425)  a  breeze 
oven,  many  of  wluch  are  in  use  in  Soutii  Bt^rdshire.  The  '  thick  coal '  of  South 
Stafibrdshire  is  employed  in  this  oven.    The  slack  is  screened,  and  the  finer  part  is 


burnt  OD  the  grate  ac^oining  the  boiler,  the  remainder  is  converted  into 

Mr.  Davis's  specification  will  most  completely  illustiato  and  explain  the  character  of 

this  oven : — 

This  invention  consists  of  a  ooke  oven,  constructed,  arranged,  and  used  as  hereinafter 
described,  and  illustrated  in  the  accompanying  drawings,  for  the  manu&ctnre  of  the 
small  coke  called  breesee,  for  economising  of  heat,  and  for  the  suppression  or  partial 
suppression  of  smoke. 

243  244 


245 


Fig,  248  of  the  aeeompanying  drawing  represents  in  elevation,/^.  244  in  vertical 
lection,  and  fy,  245  in  plan,  a  coke  oven,  combined  with  the  ftunoaoe  of  a  steam- 
boiler,  constructed  according  to  this  invention. 
The  said  coke  oven  consists  of  a  chamber  or 
Aimace,  a,  provided  with  doors,  b,  5,  by  which 
said  doors  the  coal  to  be  coked  is  introduced 
and  the  admission  of  air  regulated.  The 
draught  may  be  further  regulated  by  means  of 
the  damper,  e.  The  oven,  a,  is  also  provided 
with  fines,  d,  in  which  fines  dampers  may  be 
situated.  The  heated  air  and  fiame  from  the 
oven,  0,  may  be  conducted  therefrom  either  into 
a  stack  or  chimney,  or  into  the  furnace  or 
fireplace,  e,  of  a  steam-boiler,  /,  or  the  said 
heated  air  and  flame  may  be  conducted  else- 
where, where  they  can  be  applied  to  heating 
or  other  useftil  purpose.  When  the  flame  and 
heated  air  from  the  coke  oven,  a,  are  con- 
ducted into  the  fhmaoe,  s,  of  a  steam-boiler, 
/,  they  may  be  delivered  at  or  near  the  bridge  of  the  said  fiirnace,  when  they  will 
e£kct  the  sappression  or  partial  sujypression  of  the  smoke  from  the  said  fiunaoe, 
Tho  hait  tram,  tho  ooka  oven,  a,  also  inaeasesthe  pKxluction  of  steam  in  the  boiler,/. 
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When  the  ooal  in  the  oren,  a,  has  been  conTerted  into  the  small  ooke,  called  bseeBeSt 
the  combustion  is  stopped  by  the  closing  of  the  doois,  b  b,  damper,  c,  and  the  door,  fff 
of  the  ash-pit;  and  the  breezes  are  cooled  by  the  introduction  of  a  jet  of  water  into 
the  said  oven,  the  said  water  being  directed  upon  the  breezes ;  or  the  said  breezes 
may  be  withdrawn  from  the  oven  in  a  heated  state,  and  afbemwls  cooled  bjr  water 
of  otherwise.  Although  I  prefer  to  place  the  coke  oven  on  the  side  of  the  boiler,  as 
represented,  yet  it  may  be  placed  under  the  boiler,  or  in  any  other  convenient  eituation. 

Although  I  have  only  represented  in  the  accompanying  drawing  the  combination 
of  a  coke  oven  for  manufacturing  breezes  with  a  steam-boiler,  yet  the  said  oven  may 
be  combined  with  any  other  furnace  for  the  purpose  of  increasing  its  heat  and 
suppressing  or  partialljr  suppressing  its  smoke ;  but  I  beUeve  the  nature  of  my  said 
invention  will  be  sufficiently  understood  by  the  description  herein  given,  and  illus- 
trated in  the  aocompanving  drawing. 

The  size  and  form  of  the  ovens  may  be  varied  to  suit  the  quanti^  of  breezes  to  be 
manufiEustnred,  and  the  particnlar  purposes  to  which  the  flimie  and  heated  air  &om 
the  said  ovens  are  to  be  applied. 

MMMMMK  MJUUM  and  OMMMMm  Pigments  containing  a  basic  carbonate  of 
copper  with  alumina  and  carbonate  of  lime.  According  to  one  method,  blue  vitriol 
(sulphate  of  copper)  is  dissolved  in  10  parts  of  water,  and  a  little  aquafortis  added ; 
the  liquid  is  allowed  to  stand  for  a  week,  and  is  then  filtered ;  after  addition  of  lime- 
water,  it  is  precipitated  by  a  solution  of  pearlash.  By  Gentele's  method,  these  pig- 
ments are  prepared  from  common  salt  and  blue  vitriol.  A  blue  or  a  green  colour  is 
produced,  according  as  the  pi^^ent  is  mixed  with  water  or  with  linseed  oil. 

BBBWnrCk  {Bratser,  fr, ;  Braven,  Ger.)  The  art  of  making  beer,  or  an  alco- 
holic liquoTt  fsonx  a  fermented  infusion  of  some  saccharine  and  amylaceous  substance 
with  water. 

FigM.  246  and  247  xepiesent  the  anangement  of  the  utensils  and  machinery  in  a 
porter  brewery  on  the  largest  scale,  in  which  it  must  be  observed  that  the  elevation 
fi^,  247f  is  in  a  great  degree  imaginary  as  to  the  ^lane  upon  which  it  is  taken,  but  the 
different  vessels  are  azruiged  so  as  to  explain  their  uses  most  readily,  and  at  the  same 
time  to  preserve,  as  nearly  as  possible,  the  relative  position  which  is  usually  assigned 
to  each  in  works  of  this  nature. 

The  malt  for  the  supply  of  the  brewery  is  stored  in  vast  granaries  or  malt-lofts, 
usually  situated  in  the  upper  part  of  the  buildings.  Of  these,  we  have  been  able  to 
represent  only  one,  at  a,  ^.  246 :  the  others,  which  are  supposed  to  be  on  each  side 
of  it,  cannot  be  seen  in  this  view.  Immediately  beneath  the  granaiy  a,  on  the  ground- 
floor,  is  the  mill ;  in  the  upper  storey  above  it,  are  two  pairs  of  rollers  {figs,  246, 248, 
and  249),  under  a  a,  for  bruising  or  crushing  the  grains  of  the  malt.  J^  the  floor 
beneath  the  rollers  are  the  mill-stones  b  b,  where  the  malt  is  sometimes  ground,  instead 
of  being  merelv  bruised  by  passing  between  the  rollers,  under  a  a. 

The  malt,  when  prepared,  is  conveyed  by  a  trough  into  a  chest  d,  to  the  left  of  b, 
from  which  it  can  be  elevated  by  the  action  of  a  spiral  screw,  fig,  250,  enclosed  in 
the  sloping  tube  e,  into  the  large  chest  or  bin  b,  for  holding  ground  malt,  situated 
immediately  over  the  mash-tun  d.  The  mash-tun  is  a  luge  aradar  tub  with  a  double 
bottom ;  the  uppermost  of  which  is  called  a  £Edse  bottom,  and  is  pierced  with  many 
holes.  There  is  a  space  of  about  2  or  8  inches  between  the  two,  into  which  the  stop- 
cocks enter,  for  letting  in  the  water  and  drawing  off  the  wort  The  holes  of  the  fUse 
bottom,  if  of  wood,  should  be  burned,  and  not  bored,  to  prevent  the  chance  of  their 
filling  up  by  the  swelling  of  the  wood,  which  would  obstruct  the  drainage:  the 
holes  should  be  conical,  and  largest  below,  being  about  fths  of  an  indi  there,  and  kh 
at  the  upper  surfiAce.  The  perforated  bottom  must  be  fitted  truly  to  the  sides  of  the 
mash-tun,  so  that  no  grains  may  pass  through.  The  mashed  Honor  is  let  off  into  a 
large  back,  from  which  it  is  pumped  into  the  wort-coppers.  The  mash-tun  is  pito- 
vi£d  with  a  peculiar  rotatoi^  apparatus  for  agitating  the  crushed  grains  and  water 
together,  which  we  shall  presently  describe.  The  size  of  the  wort-copper  is  pro- 
portional to  the  amount  of  the  brewing,  and  ib  must,  in  general,  be  at  least  so  large 
as  to  operate  upon  the  whole  quantity  of  wort  made  from  one  mashing;  that  is,  for 
every  quarter  of  malt  mashed,  the  copper  should  contain  140  gallons,  llie  mash-tun 
ought  to  be  at  least  a  third  larger,  ana  of  a  conical  form,  somewhat  wider  below  than 
above.  The  malt  is  reserved  in  this  bin  till  wanted,  and  is  then  let  down  into  the 
mashing-tun,  where  the  extract  is  obtained  by  hot  water  supplied  from  tiie  copper  d, 
seen  to  the  left  of  b. 

The  water  for  the  service  of  the  brewery  is  obtained  from  the  well  b,  seen  beneath 
the  mill  to  the  right,  by  a  lifting  pump  worked  by  the  steam-engine ;  and  the  forcing- 
pipe/,  of  this  pump  conveys  the  water  tip  to  the  ]ax^  reservoir  or  water-back  r,  placed 
at  the  top  of  tne  engine-house.  From  tnis  cistern,  iron  pipes  are  laid  to  the  copper  o 
(on  the  left-hand  side  of  thefigoie),  as  also  to  eveiy  part  of  the  establifihrnsnt  when 
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Oold  wftfSF  can  be  wanted  for  deaniag  and  'washing  the  Tessels.   -The -copper- o  can 
be  filled  with  cold  water  by  merely  turning  a  cock;  and  the  water  when  boiled  therein, 


is  oonyeyed  by  the  pipe  g  into  the  bottom  of  the  mash-tun  D.    The  water  is  intnv* 
doced  beneath  a  ledse  bottom,  upon  which  the  malt  lies ;  and,  rising  np  through  tha 
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holes  in  the  felse  bottom,  it  eztzacto  the  saocharine  matter  &om  the  malt;  a  greatei 
or  less  time  being  allowed  for  the  infusion,  according  to  drcimistanceB.  The  instant 
the  water  is  drawn  off  from  the  copper,  fresh  water  must  be  let  into  it,  in  order  to  be 
ready  for  boilinff  the  second  mashing,  because  the  copper  must  not  be  left  emp^  for  a 
moment,  otherwise  the  intense  heat  of  tiie  fire  woidd  destroy  its  bottom.  For  the 
conyenience  of  thus  letting  down  at  once  as  much  liquor  as  will  fill  the  lower  part  of 
the  copper,  a  pan  or  second  boiler  is  placed  over  the  top  of  the  cojyer,  as  seen  in 
fig,  262 ;  and  the  steam  rising  from  the  copper  communicates  a  considerable  degree 
of  heat  to  the  contents  of  the  pan,  without  any  expense  of  f^eL  This  will  be  moce 
minutely  explained  hereafter. 

During  the  process  of  mashing,  the  malt  is  asitated  in  the  mash-tun,  so  as  to  expose 
every  part  to  the  action  of  the  water.  This  is  done  by  a  mechanism  contained  within 
the  mash-tun,  whidi  is  put  in  motion  by  a  horizontal  shaft  above  it,  h,  leading  from 
the  mill.  The  mash  machine  is  shown  separately  in  fig,  251.  When  the  operation  of 
mashinff  is  finished,  the  wort  or  extract  is  drained  down  from  the  malt  into  the  vessel 
I,  called  the  underbaek,  immediately  below  the  mash-tun,  of  like  dimensions,  and 
situated  always  on  a  lower  level,  for  which  reason  it  has  received  this  name.  Here  the 
wort  does  not  remain  longer  than  is  necessary  to  drain  off  the  whole  of  it  from  the  tun 
above.  It  is  then  pumped  up  by  the  three-barrelled  pump  Ar,  into  the  pan  upon  the 
top  of  the  copper,  by  a  pipe  which  cannot  be  seen  in  this  section.  The  wort  remains 
in  the  pan  until  l^e  water  for  the  succeeding  mashes  is  discharged  from  the  copper. 
But  this  delay  is  no  loss  of  time,  because  the  heat  of  the  copper,  and  the  steam  arising 
from  it,  prepare  the  wort,  which  had  become  cooler,  for  boiling.  The  instant  the 
copper  is  emptied,  the  first  wort  is  let  down  from  the  pan  into  the  copper,  and  the 
second  wort  is  yimped  up  from  the  under-back  into  the  upper  pan.  The  proper  pro- 
portion of  hops  IS  thrown  into  the  copper  through  the  near  hole,  and  then  the  door 
IS  shut  down  and  screwed  feist,  to  keep  in  the  steam,  and  cause  it  to  rise  up  through 
pipes  into  the  pan.  It  is  thus  forced  ta  blow  up  through  the  wort  in  the  pan,  and 
communicates  so  much  heat  to  it,  or  to  water,  called  liquor  by  the  brewers,  that  either 
is  brought  near  to  the  boiling  pdnt  The  different  worts  succeed  each  other  through 
all  the  different  vessels  with  the  greatest  regularity,  so  that  there  is  no  loss  of  time, 
but  every  part  of  the  apparatus  is  constantiy  employed.  When  the  ebullition  has 
continued  a  sufficient  period  to  coagulate  the  grosser  part  of  the  extract,  and  to  evapo- 
rate part  of  the  water,  the  contents  of  the  copper  are  run  off  through  a  large  cock  into 
thejack'baok  x,  below  o,  which  is  a  vessel  of  sufficient  dimensions  to  contain  it,  and 

Srovided  with  a  bottom  of  cast-iron  plates,  perforated  with  small  holes,  through  which 
lewort  drains  and  leaves  the  hops.  The  hot  wort  is  drawn  off  from  the  jack-back 
through  the  pipe  h  by  the  three-barrelled  pump,  which  throws  it  up  to  the  coolers 
L  L  L ;  this  pump  being  made  with  different  pipes  and  cocks  of  communication,  to 
serve  all  the  purposes  of  the  brewery,  except  that  of  raising  the  cold  water  from  the 
well.  The  coolers,  i.  l  l,  are  very  shallow  vessels,  built  over  one  another  in  several 
stages ;  and  that  part  of  the  buil(Hng  in  which  they  are  contained  is  built  with  lattice- 
work or  shutter  nape,  on  all  sides  to  admit  free  currents  of  air.  When  the  wort  is 
sufficientiy  cooled  to  be  put  to  the  first  fermentation,  it  is  conducted  in  pipes  from  all 
the  different  coolers  to  the  large  fermenting  vessel  or  gyle-tun  m,  which,  with  another 
similar  vessel  behind  it,  is  of  sufficient  capadty  to  contain  all  the  beer  of  one  day's 
brewing. 

Whenever  the  first  fermentation  is  concluded,  the  beer  is  drawn  off  from  the  great 
fermenting  vessel  m,  into  the  small  fermenting  casks  or  cleansing  vessels  k,  of  which 
there  are  a  great  number  in  the  brewery.  They  are  placed  four  together,  and  to  each 
four  a  common  spout  is  provided  to  carry  off  the  yeast,  and  conduct  it  into  the  troughs 
tt,  placed  beneath.  In  these  cleansing  vessels  the  beer  remains  till  the  fermentation 
is  completed ;  and  it  is  then  put  into  the  store-vats,  which  are  casks  or  tuns  of  an 
immense  size,  where  it  is  kept  till  wanted,  and  is  finally  drawn  off  into  barrels,  and 
sent  away  from  the  brewery.  The  store- vats  are  not  represented  in  the  figure :  they 
are  of  a  conical  shape,  and  of  different  dimensions,  for  fifteen  to  twenty  feet 
diameter,  and  usually  from  fifteen  to  twenty  feet  in  depth.    The  steam-engine,  which 

gats  aU  the  machine  in  motion,  is  exhibitea  in  its  place  on  the  right  side  of  the  figure, 
n  the  axis  of  the  large  fiy-wheel  is  a  bevellect  spur-wheel,  which  turns  another 
similar  wheel  upon  the  end  of  a  horizontal  shaft,  which  extends  from  the  engine- 
house  to  the  great  horse-wheel,  set  in  motion  by  means  of  a  spur-wheel.  The  horse- 
wheel  drives  all  the  pinions  for  the  mill-stones  b  6,  and  also  the  horizontal  axis  which 
works  the  three-bairelled  pump  k.  The  rollers  a  a  are  turned  by  a  bevel  wheel 
upon  the  upper  end  of  the  axis  of  the  horse-wheel,  which  is  prolonged  for  that  purpose ; 
and  the  horizontal  shaft  h,  for  the  mashing  engine,  is  driven  by  a  pair  of  bevel  wheels. 
There  is  likewise  a  sack-tackle,  which  is  not  represented.  It  is  a  machine  for  drawing 
tip  the  sacks  of  malt  from  the  oourt-yard  to  the  highest  part  of  the  building,  whence 
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the  Badra  are  wheeled  on  a  track  to  the  malt-loft  a,  and  the  contenta  of  the  Back  are 
diBchacged. 
The  hone-wheel  is  intended  to  be  driven  by  horses  oocasionallj,  if  the  steam-engine 

should  &il ;  but  these  engines 
^   toe  now  brought  to  snch  p^ec- 
^   tion  that  it  is  yezy  seldom  any 
^   resonrce  of  this  kind  is  needed. 
^       Fig.  247  is  a  representation 
I   of  the  fermenting-house  at  the 
I   brewery  of  Messrs.  Whitbread 
I   and  Company,  Chiswell  Street, 
^   London,  whidi  is  one  of  the 
[    most  complete  in  its  arrange- 
I    ment  in   the  world  :    it   was 
I    erected  after  the  plan  of  Mr. 
I    Eichardson,  who  conducts  the 
brewing  at  those  works.    The 
whole  of  fig.  247  is  to  be  con- 
:    sidered  as  devoted  to  the  same 
object  as  the  large  vessel  m  and 
the  casks  k,  fig.  246.     In  fiq, 
247,  r  r  is  tie  pipe  which  l^ids 
firom  the  different   coolers   to 
convey  the  wort  to  the  great 
fermenting  vessels  or  squares 
M,  of  'vdiich  there  are  two,  one 
behind  the   other ;  //  repre- 
sent a  part  oi  the  great  pipe 
which  conveys  all   the  water 
from  the  well  x,  fig.  246,  up  to 
the  water  dstem  p.    This  pipe 
is  conducted  purposely  up  Uie 
wall  of  the  lermenting-house, 
)  fig.  247,  and  has  a  cock  in  it, 

I  near  r,  to    stop  the   passage. 

Just  beneath   this  passage  a 
branch-pipe  p  i)roceeeds,  and 
enters  a  largo  pipe  *  «,  which 
has  the  former  pipe  r  within- 
side  of  it.   From  the  end  of  the 
pipe  ar,  nearest  to  the  squares 
M,  another  branch  n  n  proceeds, 
and  returns  to  the  original  pipe 
/*,  with  a  cock  to  regulate  it. 
The  object  of  this  arrangement 
is  to  make  all,  or  any  part,  of 
the  cold  water  flow  through  the 
pipe  X  X,  which  surrounds  the 
pipe  r,  formed  only   of  thin 
;    copper,  and  thus  cool  the  wort 
i    passing   through   the  pipe  r, 
I    until  it  is  found  by  the  ther- 
[    mometer    to    have  the    exact 
[   temperature  which  is  desirable 
I   before  it  is  put  to  ferment  in 
I    the  great  square  x.    By  means 
I   of  tiie  cocks  at  n  and^,  the 
I   quanti^  of  cold  water  passing 
^   over  the  surfeu^eof  the  piper  can 
I   be  regulated  at  pleasure,  where- 
^  "by  the  heat  of  the  wort,  when 
•  I   it  enters'into  the  square,  may  be 

I   a(^justed  within  half  a  degree. 

I       When  the  first  fermentation 

^   in  the  squares  m  x  is  finished, 

the  beer  is  drawn  ofPftom  them  byjjipes  marked  v,  and  conducted  by  its  branches 

W  w  w,  to  the  different  rows  of  fermenting-tuns,  marked  k  k,  which  occupy  the  greater 
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part  of  the  bailding.  In  the  hollow  between  ereiy  two  rows  are  placed  large  trongfas^ 
tQ  contain  the  yeast  which  they  throw  o£  The  figure  shows  that  the  small  tons  are  all 
placed  on  a  lower  level  than  the  bottom  of  the  great  Tessels  m,  so  that  the  beer  will  flow 
into  them,  and,  by  hydrostatic  e^ nilibrium,  will  fill  them  to  the  same  level.  When 
they  are  filled,  the  commnnication-cock  is  shut ;  but,  as  the  working  off  the  yeast 
diminishes  the  quantity  of  beer  in  each  vessel,  it  is  necessary  to  replenish  them  tnm 
time  to  time.  For  this  purpose,  the  two  large  vats  oo  are  filled  firomthe  great  squares 
H  M,  before  any  beer  is  drawn  off  into  the  small  casks  m,  and  this  quantity  of  beer  is 
reserved  at  the  higher  level  for  filling  np.  The  two  vessels  o  o  are,  in  reality,  situated 
between  the  two  squares  h  m  ;  but  I  have  been  obli^  to  place  them  thus  m  the  sec- 
tion, in  order  that  thev  may  be  seen.  Near  each  fimng-up  tun  o  is  a  small  cistem  ^ 
communicating  with  the  ton  o  by  a  pipe,  which  is  cIosmI  by  a  float-valve.  The  small 
cisterns  t  are  always  in  communication  with  the  pipes  which  lead  to  the .  small 
fermenting  vessels  v ;  and  therefore  the  surface  of  the  beer  in  all  the  tons,  and  in  the 
cisterns,  will  always  be  at  the  same  level ;  and  as  this  level  subsides  by  the  working 
off  of  the  yeast  tram  the  tuns,  the  float  sinks  and  opens  the  valve,  so  as  to  admit  a 
sufficiency  of  beer  from  the  filling-up  tuns  o,  to  restore  the  sur&ces  of  the  beer  in  all 
the  tuns,  and  also  in  the  cistem  t,  to  the  original  level.  In  order  to  carry  off  the 
yeast  which  is  poduced  by  the  fermentation  of  the  beer  in  the  tuns  o  o,  a  conical  iron 
dish  or  funnel  is  made  to  float  upon  the  surface  of  the  beer  which  they  contain ;  and 
from  the  centre  of  this  funnel  a  pipe,  o,  descends,  and  passes  through  the  bottom  of 
the  tun,  being  packed  with  a  coUur  of  leather,  so  as  to  be  water-ti^t ;  at  the  same 
time  that  it  is  at  liberty  to  slide  down,  as  the  surfEUse  of  the  beer  descends  in  the  ton. 
The  yeast  flows  over  the  edge  of  this  fimnel-shaped  dish,  and  is  conveyed  down  the 
pipe  into  a  trou^  beneath. 

jBeneath  the  fermenting-house  are  large  arched  vaults,  p,  built  with  stone,  and  lined 
with  stucco.  Into  these  the  beer  is  let  down  in  casks  when  sufBcientlv  fermented,  and 
is  kept  in  store  till  wanted.  These  vaults  are  used  at  Mr.  Whitbread's  brewery,  instead 
of  the  great  store-vats  of  which  we  have  before  spoken,  and  are  in  some  respects  pre- 
ferable, because  they  preserve  a  great  equality  of  temperature*  being  beneath  the  surface 
of  the  earth. 

The  kiln-dried  malt  is  sometimes  ground  between  stones  in  a  common  corn-mill,  like 
oatmeal ;  but  it  is  more  generally  crushed  between  iron  rollers,  at  least  for  the  purpose 
of  the  London  brewers. 

l%e  OruBhing  Mill.— The  ^linder  malt-mill  is  constructed  as  shown  infya,  248, 249. 
I  is  the  sloping-trough,  bv  wmch  the  malt  is  let  down  from  its  bin  or  floor  to  the 
ho^rper  ▲  of  we  mm,  whence 
it  IS  proffreesively  shaken  in  « 
between  the  rollers  b  d.    The  ' 
rollers  are  of  iron,  truly  cy- 
lindrical, and  their  ends  rest 
in  bearers  of  hard  brass,  fltted 
into  the  side  frames  of  iron. 
A  screw  Bgoes  through  the  up- 
right, and  serves  to  force  the 
b^urar  of  the  one  roller  towards 
that  of  the  other,  so  as  to 
bring   them    closer   together 
when  the  crushing  efiect  is  to 
be  increased,    o  is  the  square 
end  of  the  axis,  by  which  one 
of  the  rollers  may  be  turned 
either   by   the    hand   or  by 
power;   the  other  derives  its 

TotaUxej  motion  from  a  pair  of  equal-toothed  wheels  e,  which  are  fltted  to  the  other 
end  of  the  axes  of  the  rollers.  (2  is  a  catch  which  works  into  the  teeth  of  a  ratchet- 
wheel  on  the  end  of  one  of  the  rollers  (not  shown  in  this  view).  The  lever  e 
strikes  the  trough  6  at  the  bottom  of  the  hopper,  and  g^ves  it  the  shaldng  motion  for 
discharging  the  malt  between  the  rollers,  from  the  side  sluice  a,  00,  Jig,  248,  are 
scraper-plates  of  sheet  iron,  the  edges  of  which  press  by  a  weight  against  the  surfaces 
of  the  rollers,  and  keep  them  dean. 

Instead  of  the  cylinders,  some  employ  a  crushing  mill  of  a  conical-grooved  form, 
like  a  cofifee-mill  upon  a  Uurge  scale. 

Fig,  260  is  the  screw  by  which  the  ground  or  bruised  malt  is  raised  up,  or  conveyed 
from  one  part  of  the  brewery  to  another,  k  is  an  inclined  box  or  trough,  in  the  centre 
of  which  the  axis  of  the  screw  h  is  placed ;  the  spiral  iron  plate  or  worm,  which  is 
fixed  projecting  from  the  axis,  and  which  fonns  the  screw,  is  made  very  nearly  to 
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fill  the  Inside  of  the  box.  By  thiB  means,  when  the  screw  is  turned  round  by  the 
wheels  b  f,  or  by  any  other  means,  it  raises  np  the  malt  firom  the  box  d,  and  deliyers  it 
at  the  spout  o. 


This  screw  is  eonall^  applicable  for  oonyeying  the  malthorizontallT  in  the  troaghx, 
as  slantingly ;  and  similar  machines  are  employed  in  Tarions  parts  of  breweries  for  oon- 
yeying the  malt  whereyer  the  sitoation  of  the  works  require. 

Fig,  251  is  the  mashing-machine.  a  a  is  the  ton,  made  of  wood  stayes  hooped  to- 
gether.   In  the  centre  of  it  rises  a  perpendicular  shaft  b,  which  is  turned  slowly  round 


by  means  of  the  beyeUed  wheels  ^  tf  at  the  top.  e  e  sae  two  arms  projecting  ftom 
that  axis,  and  supporting  the  short  yertical  axis  d  of  the  spur-wheel  x,  which  is 
turned  by  the  spur-wheel  w;  so  that,  when  the  central  axis  b  is  made  to  reyolye,  it 
will  cany  the  thick  short  axle  d  round  the  tun  in  a  circle.  That  lole  d  is  fornished 
with  a  number  of  arms,  e  #,  which  haye  blades  placed  obliquely  to  the  plane  of  their 
Vol.  I.  L  L 
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motion.  When  the  axis  is  turned  xotind,  these  arms  agitate  Uie  malt  in  the  ton,  and 
giro  it  a  constant  tendency  to  lise  npiraids  from  the  bottom. 

The  motion  of  the  axle  d  is  produced  by  a  wheel,  x,  on  the  upper  end  of  it,  which  ia 
turned  by  a  wheel,  tr,  fastened  on  the  middle  of  the  tube  b,  whicn  turns  freely  round 
upon  its  central  axis.  Upon  a  higher  point  of  the  same  tube  6  is  a  bevel  wheel  o, 
receiyin^  motion  f^om  a  bevel  wheel  q,  fixed  upon  the  end  of  the  horizontal  axis  n  n, 
which  giyep  motion  to  the  whole  machine.  This  same  axis  has  a  pinion  p  upon 
it,  which  ^yes  motion  to  the  wheel  r,  fixed  near  the  middle  of  a  horizontal  axle« 
which,  at  its  lelt-hand  end,  has  a  bevel  pinion  t,  working  the  wheel  u,  before  mentioned* 
By  these  means,  the  rotation  of  the  central  axis  b  will  be  vei^  slow  compared  with  the 
motion  of  the  axle  <2 ;  for  the  latter  will  make  seventeen  or  eighteen  revolutions  on  its 
own  axis  in  the  same  space  of  time  that  it  will  be  carried  once  round  the  tun  by  the 
motion  of  the  sh^ft  b.  At  the  beginning  of  tiie  operation  of  maslung,  the  machine  is 
made  to  turn  with  a  slow  motion ;  but,  after  having  wetted  all  the  malt  by  one  revo- 
lution, it  is  driven  quicker.  For  this  purpose,  the  ascending-shaft  /  ff,  which  gives 
motion  to  the  machine,  has  two  bevel  wheels  h  t,  fixed  upon  a  txihefg,  which  is  fitted 
upon  a  central  shaft.  These  wheels  actuate  the  wheels  m  and  o,  upon  the  end  of  the 
horizontal  shaft  n  n ;  but  the  distance  between  the  two  wheels  h  and  t  is  such  that  the^ 
cannot  be  enca^  both  at  once  with  the  wheels  m  and  o ;  but  the  tube^^r,  to  which 
they  are  fixed,  is  capable  of  sliding  up  and  down  on  its  central  axis  sufficieniLy  to  bring 
either  wheel  A  or  t  into  gear  with  its  corresponding  wheel  oor  m,  upon  the  horizontal 
shaft ;  and  as  the  diameters  of  «  o  and  t  m  are  of  very  different  propOTtions,  the  velocity 
of  the  motion  of  the  machine  can  be  varied  at  pleasure,  by  using  one  or  other,  k  and 
k  are  two  levers,  which  are  forked  at  their  extremities,  and  embrace  collars  at  the  ends 
of  the  tahe  fg.  These  levers  being  united  by  a  rod,  /,  the  handle  k  gives  the  means  of 
moving  the  tahefg,  and  its  wheels  A  t,  up  or  down,  to  throw  either  the  one  or  the 
other  wheel  into  gear. 

Figs,  262,  258  represent  the  copper  of  a  London  brewery.  Fig,  262  is  a  vertioal  sec- 
tion ;  fy,  263,  a  ground  plan  of  the  fire-grate  and  flue,  upon  a  smaller  scale :  a  is  the  dose 


copper  kettle,  having  its  bottom  convex  within ;  6  is  the  open  pan  placed  upon  its  topw 
From  the  upper  part  of  the  copper,  a  wide  tube,  e,  ascends,  to  carry  off  the  steam  gene- 
lated  daring  the  ebullition  of  the  wort»  which  is  conducted  through  foox  downwarda- 
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Blaating  tabes,  d  d  (two  only  aie  Tisible  in  thissedioii),  into  the  liquor  of  the  pan  b,  in 
order  to  warm  its  contents.  A  yertical  iron  shaft  or  spindle,  tf,  passes  down  throogh  the 
tube  c,  nearly  to  the  bottom  of  the  copper,  and  is  there  mounted  with  an  iron  arm,  called 
a  roussTt  which  carries  round  a  chain  nnng  in  loops,  to  preyent  the  hops  from  adhering  to 
the  bottom  of  the  boiler.  Three  bent  stays,/,  are  stretdied  across  the  interior,  to  support 
the  shaft  by  a  collet  at  their  middle  junction.  The  shaft  carries  at  its  upper  end  a  beyel 
▼heel  y,  working  into  a  bevel  pinion  upon  Hie  axis  A,  which  may  be  turned  either  by 
power  or  by  hand.  TheroMMf  ah^  may  be  Ufted  by  means  of  the  chain  iy-^hich,  going 
oyer  two  jpuUeys,  has  its  end  passed  round  the  wheel  and  axle  k,  and  is  tomed  by  a 
winch :  2 18  a  tube  for  oonyeying  the  waste  steam  into  the  chimney  m. 

The  heat  is  applied  as  foUows :— For  heating  the  colossal  coppers  of  the  London 
breweries,  two  separate  fires  are  required,  whidi  are  separated  by  a  narrow  wall  of 
brickwork,  n,  figs,  262,  258.  The  dotted  circle  a'  a',  indicates  the  largest  circumfe- 
rence of  the  copper,  and  V  V\\b  bottom ;  o  o  are  the  grates  upon  which  the  coals  are 
thrown,  not  through  folding  doors  (as  of  old),  butthr^h  a  short  slanting  iron  hopper, 
shown  at  f,  fig,  252,  built  in  the  wall,  and  kept  con6tantl7  filled  with  the  fuel,  in  order 
to  exclude  the  air.  Thus  the  low  stratum  of  coals  gets  ignited  before  it  resumes  the 
giate.  Aboye  the  hopper  |),  a  narrow  channel  is  jnoTided  for  the  admission  of  at* 
moBpherical  air,  in  such  quantity  merely  as  may  be  requisite  to  complete  the  com- 
bustion of  the  smoke  of  the  coals.  Behind  each  grate  there  is  a  fire  bridge,  r,  which 
reflects  the  flame  upwards,  and  causes  it  to  play  upon  the  bottom  of  the  copper.  The 
burnt  air  then  passes  round  the  copper  in  a  semicuoular  fine,  a  «,  from  whidi  it  flows 
off  into  the  chimney  m,  on  whose  under  end  a  sliding  damper-plate,  ^  is  placed,  for  tem- 
pering the  draught  When  cold  air  is  admitted  at  this  orifice,  the  combustion  of  the 
fuel  is  immediately  checked.  There  is,  besides,  another  slide-plate  at  the  entrance  of 
the  slanting  fine  into  the  yertical  chimney,  for  regulating  the  play  of  the  flame  under 
and  around  the  copper.  If  the  plate  t  be  <^ned,  and  the  other  plate  shut,  the  power 
of  the  fire  is  suspended,  as  it  ought  to  be,  at  the  time  of  emptying  the  copper.  Imme- 
diately over  the  grate  is  a  brick  arch,  ti,  to  protect  the  front  edge  of  the  copper  fjxan 
the  first  impulsion  of  the  flame.  The  chimney  is  supported  upon  iron  pillars,  vv\  w 
is  a  cayity  closed  with  a  slide-plate,  through  which  Uie  ashes  may  be  taken  out  fcom 
behind,  by  means  of  a  long  iron  hook. 

We  haye  thus  g^yen  the  general  plan  and  requisites  for  a  brewery  on  a  large  scale. 
We  need  scarcely  say  those  arrangements  will  yary  in  eyery  establishment,  according 
to  the  requirements  and  facilities  of  the  locality,  and  the  yarious  modes  of  operation* 
The  few  simple  utensils  required  may  be  easily  recapitulated : — 

1.  A  mill  for  crushing  the  malt. 

2.  An  iron  pan  for  heating  water. 

3.  A  mash-tun  or  open  tub  fltted  with  a  false  bottom,  a  strainer,  or  with  some  other 
means  of  allowing  the  wort  to  run  off  freely,  keeping  back  the  grains. 

4.  An  iron  or  copper  pan  for  boiling  the  wort 

5.  A  shallow  yessel  or  cooler,  oyer  which  is  placed  the  hop-jack  or  sieve  for  strain- 
ing out  the  spent-hope. 

6.  A  gyle  tun  or  open  tub  for  commencement  of  the  fermentation. 

7.  A  barrel  or  cask  in  which  the  deansing  is  completed. 

The  first  necessity  is  a  plentiftd  supply  of  pure  water,  which  it  should  be  the  chief 
aim  in  all  arrangements  to  render  available  at  the  least  labour  and  cost,  as  on  its 
proper  and  judicious  application  greatly  depends  the  regulation  of  the  temperature  in 
the  yarious  operations ;  and  the  most  scrupulous  cleanBness  in  every  part  is  of  the 
utmost  importance.  The  fermenting  rooms  and  store-cellars  should  be  placed  below 
the  ground  level,  for  the  purpose  of  attaining  a  low  and  equable  temperature  ;  and 
for  this  purpose  also  the  double  stone  fermenting  square  is  highly  esteemed.  It  con- 
sists of  an  inner  cubical  vessel^  containing  from  fifteen  to  thirty  barrels ;  each  side 
formed  by  one  slab  of  fine  slate.  This  is  placed  in  an  exterior  square  or  shell  of 
inferior  stone,  leavinff  a  space  between  the  inner  and  outer  squares,  which  can  be 
filled  with  hot  or  cold  water  at  pleasure.  The  inner  or  fermenting  square  has  a  man- 
hole, with  a  raised  rim,  in  the  slab  forming  the  top,  on  which  also  are  raised  four 
other  fine  slate  slabs,  which  form  a  cistern  ixa  the  expansion  and  overfiow  of  the  beer 
and  yeast  during  the  process  of  the  fermentation,  and  from  which  the  yeast  is  readily 
removed  at  its  dose. 

The  process  of  brewing  may  be  classed  under  three  heads :  the  mashing,  the  boil« 
ing,  and  the  fermentation. 

f'or  the  principle  which  should  guide  the  brewer  in  the  conduct  of  these  operations« 
we  refer  to  the  article  Bheb,  where  it  will  be  seen  that  the  ultimate  success  of  the 
entire  series  depends  greatly  on  the  regulation  of  the  temperature,  the  duration,  and 
theproper  management  ci  Uie  initial  process  of  malting. 

The  Mashing. — ^XJpon  this  yezy  imfKxrtant  process  iiSbrmation,  the  result  of  Dr.  A* 
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Schwarzer's  researches,  is  perliaps  the  most  valuable  and  precise  of  the  present  day, 
and  it  would  be  well  if  ereiy  brewer  were  feimiliar  with  them. 

In  the  Bre^uoertt  Journal,  January  16, 1871i  this  information  is  f^y  detailed,  bat 
as  the  number  may  not  easily  be  obtainable,  it  is  here  reinserted : — 

*  As  a  geneial  rule,  the  laiger  the  quantity  of  diastase  and  the  greater  the  heat  up 
to  a  certain  point,  tke  more  rapid  is  the  transformation  of  the  gammy  portion  of  the 
starch  into  sugar. 

•At  a  temperature  of  about  167^  Fahr.,  and  espedally  at  177^  or  178^  however,  a 
diminution  t^ces  place  in  the  action  of  the  diastase,  which  increases  with  the  further 
increase  of  the  temperature ;  and  if  the  heat  be  raised  for  a  certain  time  to  about  190^ 
the  action  of  the  diastase  ceases  altogether. 

'  If  also  an  extract  of  malt  be  heated  to  190^  before  the  starch  is  added,  a  diminution 
in  the  action  occurs,  which  is  the  more  determined  according  to  the  length  of  time  at 
which  the  heat  has  been  maintained* 

*  The  quantity  of  diastase  thus  rendered  inactive  may  be  ascertained  b^  comparing 
the  action  of  a  certain  amount  of  the  overheated  extract,  with  that  of  a  like  quantity 
at  the  temperature  of  14^^  Observation  must  be  taken  of  the  time  which  elapses 
before  all  reaction  ceases  to  be  exhibited  by  the  iodine  test;  and  the  same  test  must 
be  applied  to  the  action  of  the  extract  submitted  to  the  lower  temperature. 

*  Two  per  cent  of  an  extract  of  malt,  not  weakened  by  heating,  effects  the  trans- 
formation more  rapidly  than  four  times  that  percentage  kept  at  the  heat  of  178°  for 
one  hour,  or  than  twenty  per  cent,  of  the  same  extract  maintained  for  the  same  period 
at  a  temperature  of  1 90^  In  the  last  case  scarcely  one-tenth  of  the  diastase  originally 
dev^O|)ed  in  the  malt  remains  in  the  extract 

'  With  minute  quantities  of  diastase  the  action  proceeds  more  rapidly  at  first  with  a 
tempraatore  of  190°,  but  afterward  more  slowly  than  at  146°. 

'  When  the  iodine  test  shows  no  discolouration,  the  saocharification  is  practically 
terminated,  and  the  continuance  of  the  action  of  the  diastase  yields  an  iimnitesimal 
quanti^  of  sugar. 

*  If,  in  one  hour,  and  until  the  iodine  shows  no  discolouiation,^fifty  per  cent  of  sngar 
is  formed,  and  if,  daring  the  next  three  hours,  only  two  p^  cent  is  produced,  it  is 
certain  that  the  iodine  test  shows  practically  the  action  is  wiished* 

*  The  cause  of  this  feeble  sacchariflcation  after  the  iodine  test  ceases  to  act,  does  not, 
however,  arise  from  the  exhaustion  of  t^e  energy  of  the  diastase,  because  if  a  new 
amount  of  starch  be  added,  it  will  be  rapidly  tzansf(»med. 

'At  all  temperatures  from  167°  to  82°,  even  though  employing  very  difibrent  pro- 
portions of  diastase,  from  fifty  to  fifty-three  per  cent  of  sugar  is  invariably  produced 
from  the  starch  in  the  extract 

'Admitting  that  the  starch  is  transformed  into  an  equivalent  of  sugar,  and  an 
equivalent  of  dextrine,  analysis  shows  that  the  sugar  to  be  obtained  from  the  extareet 
amounts  to  62*6  ^ar  cent  of  the  extract 

'  The  amount  of  sugar  obtained  in  practice  dijBfers  so  little  from  this  rate  that  the 
small  difference  may  fairly  be  supposed  to  arise  from  errors  in  the  quantities  and  in- 
terruptions in  the  action  of  the  diastase. 

'  At  temperatures  exceeding  167°  the  quantity  of  sugar  produced  falls  off  in  pro- 
portion. 

'At  190°,  after  the  iodine  test  ceases  to  act,  the  amount  of  sugar  formed  in  the 
extract  may  fctll  oflT  to  twenty-seven  per  cent ;  and  even  if  the  extract  is  heated  to 
that  temperature  before  the  addition  of  the  starch  gum,  and  the  greatest  care  be  taken 
to  prevent  cooling  during  the  experiment,  very  little  change  indeed  will  be  observed 
in  the  percentage. 

'  If  all  these  fftcts  be  taken  into  account,  it  seems  certain,  that  the  action  of  the 
diastase  at  temperature  below  167°  is  very  different  from  what  it  is  under  greater 
heats. 

'  The  amount  of  sugar  equal  to  twenty-seven  per  cent  which  is  the  minimam  value 
at  which  the  iodine  test  ceases  to  exhibit  any  change,  agrees  exactly  with  the  trans- 
formation of  starch  into  an  equivalent  of  sugar  and  an  equivalent  of  dextrine. 

'A  &ct  deserving  of  notice  is,  that  between  the  temperatures  of  167°  and  190°  the 
difPerence  in  the  amount  of  sugar  formed  is  more  than  twenty  per  cent 

*  In  maintaining  the  extract  of  malt  at  190°  for  a  lonff  penod,  it  is  so  greatly  altered 
that  when  the  heat  is  afterward  lowered,  the  amount  of  sugar  is  not,  or  scarcely  at 
all,  increased ;  but  if;  on  the  contrary,  a  solution  of  stanh  idiich  contains  about 
twenty-seven  per  cent  of  sugar,  be  heated  to  190°,  and  afterwards  submitted  to  the 
action  of  diastase,  not  heated  and  enfeebled  at  a  lower  temperature,  the  percentage 
may  be  carried  to  fiftrjr-two  per  cent 

'  During  fermentation,  the  diastase  continues  to  effect  the  transformation  of  starch ; 
and  it  is  not  improbable  that  yeast  acts  in  the  samo  manner  as  the  former.' 
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.   Witli  these  vezy  impomant  iSsu^  before  xlb,  it  ia  oomparatiyely  easy  for  the  fareTrar 
|x>  determine  his  role  or  mode  of  operation  in  the  process  of  mashing. 

As  the  heats  approaching  to  167^  tend  to  detract  ficom  the  energy  of  the  diastase, 
such  must  of  course  as  much  as  possible  be  ayoided,  it  being  known  with  equal 
certainty  that  when  malt-wort  is  allowed  to  drop  its  temperature  to  a  heat  approach- 
ing; 140^,  it  is  liable  to  acetancv,  and  more  readily  so,  as  the  temperature  recedes 
below  140^ ;  about  120^  being  the  most  favourable  to  the  change. 

Therefore  it  is  adyisable  that  the  wort  should  reach  the  copper  before  such  a  tem- 
perature is  attained ;  still  further  it  is  ascertained  that  the  value  of  the  desired  trans- 
formation in  the  malt-wort  is  best  obtained  with  a  temperature  of  about  151°,  also 
that  saccharifioation  is  promoted  by  agitation,  and  that  the  stronger  the  extract  is, 
the  less  is  the  danger  of  acetification. 

Therefore,  in  the  first  place,  the  brewer  has  to  obtain  a  mash  of  151°  temperature 
or  thereabouts ;  but  he  must  do  it  with  liquor  as  far  removed  below  167^  as  possible, 
and  when  the  goods  are  thoroughly  mashed,  151°  of  heat  should  be  maintained  during 
their  daiification ;  the  wort  should  then  be  run  from  the  mash-tun  into  a  copper  suit- 
ably warmed  beforehand,  and  should  tiien  be  slowly  and  carefully  heated  up  to 
boiling,  just  by  the  time  the  subsequent  ej^ustion  of  the  malt  is  completed  by  the 
^sparging.' 

In  practice  the  following  method  will  be  found  extremely  easy,  and  safe  in  ope- 
ration : — 

Some  time  before  commencing  the  mash,  a  sufficiency  of  boiling  water  is  run  into 
the  tun  to  make  it  as  hot  as  ^ssible,  and  immediately  before  commencing  the  brewing 
this  hot  water  is  let  off  again  into  the  underback,  or  the  copper ;  this  being  done, 
the  mashing  liquor  having  previously  been  very  carefully  prepared,  is  let  into  the  tun 
under  the  false  bottom,  to  t£e  quantity  of  about  one  and  a  half  barrels  to  the  quarter 
of  malt,  where  it  arrives  at  about  164°  temperature ;  when  a  sufficiency  has  been  let  in, 
the  grist  is  then  added  and  thoroughly  mashed,  the  infusion  will  then  be  about  150°, 
the  temperature  of  reserve  mashing  liquor  has  been  raised,  and  when  the  malt  is 
efibctually  mashed,  a  further  quantity  of  about  half  a  barrel  per  quarter  is  run  in  at 
166^,  and  thoroughly  mixed  up  with  the  mash :  the  object  of  the  additional  liquor  is 
to  raise  the  heat  of  the  mash  to  about  152^,  after  whida  settling  and  clarification  are 
requisite ;  this  usually  occupies  about  two  hours. 

The  tun  having  been  thoroughly  heated  before  the  admission  of  the  mash,  it  does 
not  abstract  the  heat  from  the  infosion,  either  during  the  operation  or  when  it  is  com- 
pleted, but  materieJly  assists  to  maintain  the  heat  for  a  veiy  considerable  time ;  with 
a  well-protected  and  covered  tun  it  will  do  it  for  four  hours  if  required,  without 
allowing  the  temperature  to  drop  a  single  degree. 

This  IS  of  the  greatest  importance,  for  the  wort  leaves  the  mash-tun  at  about  151°; 
and  as  it  is  passed  from  vessel  to  vessel  is  immediately  preceded  by  the  hot  water 
from  the  vessel  before  it ;  thus,  in  turn,  each  vessel  is  thoroughly  warmed,  and  we  need 
hardly  say  most  thoroughly  cleansed,  and  being  prepared  in  this  way  enables  the 
operator  to  get  the  wort  into  the  copper  before  it  can  fSftU  even  to  146^  or  147^,  leaving 
the  mash  in  the  tun  at  such  heat  that  all  danger  of  acetification  is  entirely  re- 
moved. 

As  the  full  value  of  the  mash  cannot  be  obtained  by  one  maceration,  recourse  is 
now  had  to  'sparging,'  and  to  do  this  properly  requires  a  little  careful  thought  and 
more  careful  management. 

In  the  operation  of  mashing  every  possible  care  should  be  taken  that  the  infused 
malt— called  *  ^oods  '-^when  £rained  should  lay  perfectly  level,  otherwise  the  sparging 
liquor,  in  runmng  ofi)  will  form  for  itself  courses  through  those  portions  of  the  mash 
that  gSbt  the  least  resistance,  and  as  a  consequence  some  parts  of  the  *  ^oods '  will 
have  treatment  in  excess  of  what  is  desirable,  while  other  portions  will  be  kept 
with  an  imperfect  sparge. 

The  liquor  for  sparging  should  be  of  such  a  heat  that  it  will,  on  penetrating  the 
'goods,'  raise  their  temperature  gradually  from, say  148°  or  so,  to  167^ or  168°  at  the 
dose,  this  will  generally  be  found  sufficient  to  dissolve  out  of  them  all  the  tractable 
portions  of  dextrine,  &c.  that  are  of  any  real  value. 

^  It  is  advisable  during  the  operation  to  allow  the  infused  malt  to  drain  two  or  three 
times  that  the  act  of  compression  may  express  from  them  those  portions  of  sweet  wort 
detained  in  the  texture  of  each  individual  grain ;  this  will  enable  the  brewer  to  obtain 
the  whole  of  the  value  that  is  producible  from  his  malt,  which  may  on  that  account 
be  treated  with  less  pressure  in  the  grinding ;  .care  in  this  latter  particular  will  con- 
siderably facilitate  all  subsequent  operations,  and  give  a  brilliam^  and  superior 
quality  to  the  beer  unattainable  by  other  means. 

In  4lrawing  the  wort  from  the  mash-tun,  no  mechanical  means  should  be  neglected 
that  would  aid  in  discharging  it  clear,  and  bright  into  the  copper,  for  all  flodka  and 
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psrtioleB  of  malfc  that  are  taken  th«ve,  yery  matoxialfy  inteif eve  with  the  action  and  valne 
of  the  hops  upon  the  woort ;  but  ohemical  agendee  for  this  purpose  should  be  ayoided 
where  possible. 

With  regard  to  temperature,  the  brewer  must  not  only  regulate  the  heat  of  the 
water  for  the  first  mash  by  the  ooIouTi  age,  and  quality  of  the  malt,  whether  pale, 
amber,  or  brown,  but  he  should  also  mark  the  temperature  of  the  atmosphere,  as  in- 
fluencing that  of  the  malt,  and  the  absorption  of  the  heat  b^  the  utensils  employed ; 
remarkmg  that  well-mellowed  and  brown  malt  will  bear  a  higher  mashing  heat  than 
pale  or  newly  dried. 

The  following  table  of  Maahing  Heats  is  by  Leyesque  t — 
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55 
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60 
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60 
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2-45 

60 
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65 
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70 
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8-00 

70 
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70 

164-08 
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70 

160-00 

158-28 

0-45 

Heat  of  the  Tap, 

Heat  of  the  Tftp, 

Heat  of  the  Tap, 

Heat  of  the  Tb^ 

144»toU6o. 

148»tol460. 

1            142otol44». 

141<»tol48». 

The  first  column  giyes  the  temperature  of  the  air  at  the  time  of  mashing. 

The  second  column  shows  the  heat  of  the  water,  the  quantity  used,  and  the  resulting 
heat  of  the  mash — noting,  that  if  the  water  has  been  let  into  the  mash-tun  at  the 
boiling  point,  and  aUow^  to  cool  down,  or  the  yessel  has  been  thoroughly  wanned 
before  the  commencement  of  the  process,  the  heat  may  be  taken  seyeral  degrees 
lower. 

The  third  column  shows  the  time  for  the  standing  of  the  mash,  but  this  will  be 
modified,  as  before  stated,  by  the  quality  of  the  extract  required. 

The  bulk  of  the  materials  used  must  also  enter  into  the  consideration  of  t^e  tem- 
perature, as  a  large  body  of  malt  will  attain  the  required  temperature  with  a  mashing 
heat  lower  than  a  small  quantity ;  the  powers  of  chemical  action  and  condensation  <tf 
heat  being  increased  with  increase  of  yolume. 

Donoyan,  speaking  of  the  temperature  to  be  employed  in  mashing,  lays  down  the 
following  as  a  genend  rule : — ^For  well  dried  pede  malt  the  heat  of  the  first  ma^ng 
liquor  may  be,  but  should  neyer  exceed,  170^ ;  the  heat  of  the  second  may  be,  180^ ; 
and,  for  a  third,  the  heat  may  be,  but  need  never  exceed,  185^. 

The  quantity  <xf  water,  termed  li^or,  to  be  employed  for  mashing,  depends  upon 
the  greater  or  less  strength  to  be  giyen  to  the  beer ;  but  in  all  cases,  from  one  banel 
and  a  half  to  one  barrel  and  three  firkins  is  sufficient  for  the  first  stiff  mashing,  but 
more  liquor  may  be  added  after  the  malt  is  thoroughly  wetted. 

The  grains  of  the  crushed  malt,  after  the  wort  is  drawn  off,  retain  from  thirty-two  to 
forty  gSlons  of  water  for  every  quarter  of  malt.  A  further  amount  must  be  allowed 
for  the  loss  by  evaporation  in  the  boiling  and  ooolin|,  and  the  waste  in  fermentation, 
80  that  the  amount  of  liquor  required  for  mashing  will,  in  some  instances,  be  double 
that  of  the  finished  beer,  but  in  general  the  total  amount  will  be  reduced  about  one- 
third  during  the  various  processes. 

The  following  example  has  been  given  of  the  proportionB  for  an  ordinary  quality  of 
beer: — 

Suppose  thirteen  imperial  quarters  of  the  best  pale  malt  be  taken  to  make  1,500 
gallons  of  beer,  the  waste  mav  be  calculated  at  near  900  gallons,  or  2,400  gallons  of 
water  will  be  required  in  mashing. 

As  soon  as  the  water  in  the  copper  has  attained  the  heat  of  160^  in  sunanecv  or 
107^  in  winter,  600  gallons  of  it  are  to  be  run  off  into  the  mash-ton  (which  has  pro- 
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I  Tionsly  been  well  deansed  or  icalded  out  -with  boiling  water),  and  the  malt  gradually 
but  rapidly  thrown  in  and  well  intermixed,  so  that  it  may  be  uniformly  moistoned,  and 
that  no  lumps  remain.  After  continuing  the  agitation  for  about  half  an  hour,  more 
liquor,  to  the  amount  of  450  gallons,  at  a  temperature  of  180^,  may  be  cardfiilly  and 
gradually  introduced  (it  is  an  advantage  if  this  can  be  done  by  a  pipe  inserted  imder 
ue  false  bottom  of  the  mash-tun),  the  agitation  being  continued  till  tne  whole  assumes 
an  equally  fluid  state,  taking  care  also  to  allow  as  small  a  loss  of  temperature  as 
possible  during  the  operation,  the  resulting  temperature  of  the  mass  being  not  less 
than  148^  or  more  than  152^ 

The  mash  is  then  ooyered  dose,  and  allowed  to  remain  at  rest  for  an  hour,  or  an 
hour  and  a  half,  after  which  the  tap  of  the  mash-tun  is  gradually  opened,  and  if  the 
wort  that  first  flows  is  turbid,  it  should  be  carefully  returned  into  the  tun  until  it 
runs  perfectly  limpid  and  clear.  The  amount  of  this  first  wort  will  be  ]U)out  675 
gallons. 

Seyen  hundred  and  fifty  gallons  of  water,  at  a  temperatnre  of  from  180°  to  185^ 
may  now  be  introduced,  and  the  mashing  operation  repeated  and  continued  until  the 
mass  becomes  uniformly  fluid  as  before,  the  temperature  being  frcmi  160°  to  170°.  It 
is  then  again  quickly  coyered  and  allowed  to  rest  for  an  hour,  and  the  wort  of  the  flrst 
mash  haying  been  quickly  transferred  from  the  underbade  to  the  copper,  and  brought 
to  a  state  of  ebullition,  the  wort  of  the  second  mash  is  drawn  off  with  similar  pre- 
caution, and  added  to  it.  A  third  quantity  of  water,  about  600  gallons,  at  a  tempera- 
ture of  185°  or  190°,  should  now  be  run  through  the  goods  into  the  mash-ton  by  the 
8pargin|;  process,  or  by  any  means  that  will  allow  the  hot  liquor  to  percolate  through 
the  grains,  displacing  and  carrying  down  the  heavier  and  more  yaluable  producte  of 
the  two  first  mashings.  The  wort  is  now  boiled  with  the  hops  from  one  to  two 
hours. 

By  the  TnAi^hing  process  before  described,  the  malt  is  so  much  exhausted  that  it 
can  yield  no  farther  extract  useful  for  strong  beer  or  porter.  A  weaker  wort  might 
1>e,  no  doubt,  still  drawn  off  for  small  beer,  or  for  contributing  a  little  to  the  strength 
of  the  next  mashing  of  fresh  malt.    But  this,  we  belieye,  is  seldom  practised. 

The  wort  is  then  transferred  into  the  coppNor,  and  made  to  boil  as  soon  as  possible, 
for  if  it  remains  long  in  the  underbade,  it  is  apt  to  become  acescent.  The  steam, 
moreover,  raised  from  it  in  the  act  of  boiling  seryes  to  screen  it  from  the  oxygenating 
or  addij^ng  influence  of  the  atmosphere. 
Until  it  begins  to  bdl,  the  air  should  be  exduded  by  some  kind  of  ooyer. 
Dr.  Hesse,  in  1840,  read  a  paper  before  the  Chemical  Sodety,  showing  that  much 
extract  was  left  in  the  malt  after  brewing,  and  that  it  was  this  matter  which  was  con- 
vertible into  sugar,  which  gaye  its  feeding  qualities  to  'grains. 

It  was  shown  that  the  malt,  after  the  first  wort  was  drawn  off  still  contained 
a  portion  of  starch  which  was  not  conyerted  into  sugar,  and  that  the  presence  of 
diastase  was  necessary  to  effect  this  conyersion.  As  diastase  is  yery  soluble,  there 
was  none  of  course  left  in  the  infhsed  malt. 

It  is,  therefore,  recommended  by  Br.  Piesse,  that  malt  containing  diastase  should 
be  added  to  the  second  wort 

In  brewing  thirty  quarters,  I  should  take  twent^r-nine  quarters  for  the  first  mash 
and  add  the  remaining  quarter  to  the  second,  by  wmch  all  the  stardi,  it  was  contended, 
would  be  conyerted  into  sugar.  To  preyent  the  access  of  air,  which  tends  to  induce 
addity,  to  the  wort,  it  is  suggested  that  a  board  the  size  of  the  back  in  which  it 
is  contained  should  float  on  the  surfoce  of  the  fluid.  (Transactions  of  the  Chemicai 
Society,  1841.) 

SBZOX.  (Brique,  Er. ;  Backstein,  Ziegelstein,  Bti.)  A  soUd  rectangular  mass  of 
baked  day,  employed  for  building  purposes.  Bridaniaking  is  exceedingly  andent: 
the  tower  of  Babel  was  built  with  brides,  as  we  are  told  in  Scripture,  ana  also  the 
dty  of  Babylon,  Oyer  the  ruins  of  Babylon,  and  the  sites  of  the  other  great  dties  of 
the  andent  monardiies,  we  still  discover  bricks  of  various  kinds.  Some  are  merely 
sun-dried  masses  of  day ;  others  are  well  burnt;  and  others,  again,  are  covered  with 
a  vitreous  glaze.  The  Egyptians  were  great  brick-makers ;  and  the  Bomans  were 
cdd)rated  for  their  bricks  and  tiles,  large  quantities  of  them  having  been  employed 
in  the  construction  of  their  different  military  stations  in  England.  Subsequently,  the 
same  bricks  have  at  times  been  used  on  later  structures,  as  for  instance,  in  St.  Alban's 
Abbey,  which  contains  a  large  quantity  of  bricks  from  ruins  of  the  Boman  buildings 
of  Verulamium.  The  Lollards'  Tower  of  Lambeth  Palace,  built  in  1454,  and  the  older 
Txnrtions  of  Hampton  Court  Palace,  built  in  1514,  are  good  examples  of  the  Englidi 
brick  architecture  in  mediseval  times. 

The  natural  mixture  of  day  and  sand,  called  loam^  as  well  as  marl,  which  oonsisto 
of  lime  and  clay  with  little  or  no  sand,  are  the  ma^teriala  usually  employed  in  the 
manufacture  of  brides. 
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*  Thore  aro  few  places  in  this  conntzy  which  do  not  possess  aluminft  in  oombinatioii 
with  silica  and  otner  earthy  matters,  forming  a  day  from  which  bricks  can  be  mann- 
factnred.  That  most  generally  worked  is  found  on  or  near  the  sor&ce  in  a  plastic 
state.  Others  are  hard  marls  on  the  coal-measuroi  New  Bed  Sandstone,  and  Blue  lias 
formations.  It  is  £rom  these  marls  that  the  blue  bricks  of  Staffordshire  and  the  fire 
bricks  of  Stourbridge  are  made.  Marl  has  a  greater  resemblance  to  stone  and  rock, 
and  Taries  much  in  cobur ;  blue,  red,  yellow,  &c  From  the  greatly  different  and 
.vazying  character  of  the  raw  material,  there  is  an  equal  difference  in  the  principle  of 
preparation  for  making  it  into  brick ;  while  one  merely  requires  to  be  turned  oyer  by 
hand,  and  to  hare  sufficient  water  worked  in  to  make  it  subserrient  to  manual  labour, 
the  fire-clays  and  marls  must  be  grorand  down  to  dust,  and  worked  by  powerM  ma- 
chinery, before  they  can  be  brought  into  eyen  a  plastic  state.  Now  these  Tarious  days 
also  shrink  in  drying  and  burning  from  1  to  15  per  cent,  or  more.  ^  This  contraction 
Taries  in  proportion  to  the  excess  of  alumina  oyer  silica,  but  by  adding  sand,  loam,  or 
chalk,  or  (as  is  done  by  the  London  brick-makers)  by  using  ashes  osbreeee — as  it  is 
technically  called— this  can  be  corrected.  All  days  burning  red  contain  oxides  of 
iron,  and  those  haying  from  8  to  10  per  cent,  bum  of  a  blue,  or  almost  a  black  colour. 
The  bricks  are  exposed  in  the  kilns  to  great  heat,  and  when  the  body  is  a  fire-day, 
the  iron  unites  with  a  portion  of  the  silica,  forming  a  fusible  silicate  of  protoxide  of 
iron,  which  melts  into  an  external  glaze.  Bricks  of  this  description  are  common  in 
Staffordshire,  and,  when  made  wi£  good  madiinery  (that  is,  the  clay  being  yery 
findy  ground),  are  superior  to  any  in  the  kingdom,  particularly  for  docks,  cimal  or 
riyer  lodts,  nilway-^dges,  and  yiaducts.  In  Wolyerhampton,  Dudley,  and  many 
other  towns,  these  blue  bricks  are  commonly  employed  for  paying  purposes.  Other 
days  contain  lime  and  no  iron ;  these  bum  white,  and  take  less  heat  than  any  otheor 
to  bum  hard  enough  fas  the  use  of  the  builder,  the  lime  acting  as  a  flux  on  the  silica. 
Many  clays  contain  iron  and  lime,  with  the  lime  in  excess,  when  the  bricks  are  of  a 
lig]it  dun  colour,  or  white,  in  proportion  to  the  quantity  of  that  earth  present;  if 
magnesia,  they  haye  a  brown  colour.  If  iron  is  in  excess,  they  bum  from  a  pale  red. 
to  the  colour  of  cast  iron,  in  proportion  to  the  quantity  of  that  metaL 
There  are  three  classes  of  brid:  earths : — 

1st  Plastic  day,  composed  of  alumina  and  silica,  in  different  proportions,  and  con-  • 
taining  a  small  per-oentage  of  other  salts,  as  of  iron,  lime,  soda,  and  magnesia. 
2nd.  Loams,  or  sandy  clays. 

3rd.  Marls,  of  which  there  are  also  three  kinds :  clayey,  sandy,  and  calcareous, 
according  to  the  proportions  of  the  earth  of  which  they  are  composed,  yiz.,  ^umina, 
^lica,  and  lime. 

Alumina  is  the  oxide  of  the  metal  aluminium,  and  it  is  this  substance  which  giyes 
tenadty  or  plasticity  to  the  day-earth,  haying  a  strong  af^ity  for  water.  It  is  owing 
to  excess  of  alumina  that  many  days  contract  too  mudi  in  drying,  and  often  crack  on 
exposure  to  wind  or  sun..  By  the  addition  of  sand,  this  day  would  make  a  better 
artide  than  we  often  see  produced  from  it  Clays  contain  magnesia  and  other  ecuthy 
matters,  but  these  yary  with  the  stratum  or  rock  from  which  they  are  composed.  It 
would  be  impossible  to  giye  the  composition  of  these  eartiis  conectiy,  for  none  are 
exactly  similar ;  but  the  following  will  giye  an  idea  of  the  proportions  of  the  ingre- 
dients of  a  good  brick  earth :  silica,  three-fifths ;  alumina,  one-fifth ;  iron,  lime,  mag- 
nesia, manganese,  soda,  and  potash  forming  the  other  one-fifth. 

The  clay,  when  first  raised  from  the  mine  or  bed,  is,  in  yery  rare  instances,  in  a 
state  to  allow  of  its  being  at  once  tempered  and  moulded.  The  material  from  which 
fire-bridLS  are  manufactured  has  the  appearance  of  ironstone  and  blue  lias  limestone, 
and  some  of  it  is  remarkably  hard,  so  thiEit  in  this  and  many  other  instances  in  order 
to  manu&cture  a  good  artide,  it  is  necessary  to  grind  this  material  down  into  partides 
as  fine  as  possible. 

Large  quantities  of  bricks  are  made  from  the  surface  marls  of  the  New  Bed  Sand- 
stone and  Blue  Lias  formations.  These  also  require  tJiorough  grinding,  but  from  their 
softer  nature  it  can  be  eflfected  by  less  powerful  machinery.— -CAom^^^atn. 

Beoentiy,  some  yery  yaluable  fire-bridLS  haye  been  made  from  the  refuse  of  the 
China  Clay  Works  of  Deyonshire.  The  quartz  and  mica  left  after  the  KaoUn  has 
been  washed  out  are  united  with  a  small  portion  of  inferior  di^,  and  made  into  bridu. 
These  are  found  to  resist  heat  well,  and  are  largdy  employed  in  the  construction  of 
metallurgical  works.    See  Olit. 

The  general  process  of  brick-making  consists  in  digging  up  the  day  in  autumn ; 
exposing  it»  dunng  the  whole  winter,  to  the  frost  and  tiie  action  of  the  air,  turning  it 
repeateoly,  and  working  it  with  the  spade ;  breaking  down  the  day  lumps  in  spring, 
throwing  them  into  shallow  pits,  to  be  watered  and  soaked  for  seyeral  days.  The 
^ext  step  is  to  temper  the  day,  which  is  generally  done  by  the  ti^ading  of  men  or 
oxen,    in  the  neignbourhood  of  London,  howeyer,  this  process  is  peritormed  in  ^ 
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hoMe-niU.  The  Imeading  of  the  day  is,  in  feet,  the  most  laborious  but  indispensable 
part  of  the  irbole  business ;  and  that  on  which,  in  a  great  measure,  the  quality  of  the 
brick  depends.  All  the  stones,  particularly  the  ferruginous,  calcareous,  and  pyritous 
kinds,  should  be  removed,  and  the  day  worked  into  a  homogeneous  paste  with  as  little 
'water  as  possible. 

Mr.  F.  W.  Simms,  C  J!.,  communicated  to  the  Institution  of  Civil  Engineers,  in 
April  and  May,  1843,  an  account  of  the  process  of  bridk-making  for  the  Dover 
Bailway.  The  plan  adopted  is  called  slop-moulding,  because  the  mould  is  dipped  into 
water  before  receiving  the  day,  instead  of  being  sanded  as  in  making  sand-stodc 
bricks.  The  workman  throws  the  proper  lump  of  clay  with  some  force  into  the 
mould,  presses  it  down  with  his  hands  to  fill  the  cavities,  and  then  stzikes  c^  the 
surplus  day  with  a  stick.  An  attendant  boy,  who  has  previously  placed  another 
mould  in  a  water  trough  by  the  side  of  the  moulding  table,  takes  the  mould  just  filled, 
and  carries  it  to  the  floor,  where  he  carefully  drops  the  bride  from  the  mould,  on  its 
flat  side,  and  leaves  it  to  dry ;  by  the  time  he  has  returned  to  the  moulding  table,  and 
deposited  the  empty  mould  in  the  water  trough,  the  brickmaker  will  have  filled  the 
other  mould  for  the  boy  to  convey  to  the  £or,  where  they  are  allowed  to  dry,  and 
are  then  stacked  in  readiness  for  being  burned  in  damps  or  kilns,  l^e  average  pro- 
duct is  shown  in  the  following  Table : — 


Fttoe  employed 

Aieaof  Lftod 

Dnxfttionoffleaaoii 

ProdTMO  per  Week 

Fzodoce  per  80Q00B 

1  moulder    / 

1  wheeler     . 
1  carrier  boy 
1  pcker  boy  . 

BoodB       Perches 
2             14^ 

Weeks 
22 

BilokB 
16,100 

Brlcka 
864.200 

It  appears  that  while  the  produce  in  sand-stock  bricks  is  to  that  of  slop-bricks,  in 
the  same  time,  as  30  to  16,  tne  amount  of  labour  is  as  7  to  4 ;  while  the  quanti^of 
land,  and  the  cost  of  labour  jper  thousand,  are  nearly  the  same  in  both  processes.  The 
quantity  of  ooal  consumed  in  the  kiln  was  at  the  rate  of  10  cwt.  8  lbs.  per  1000 
bricks.  The  cost  of  the  bricks  was  2/.  1«.  6d.  per  thousand.  The  slop-made  bricks 
are  fully  1  pound  heavier  than  the  ^nd-stock.  Mr.  Bennett  states  that  at  his 
bride-field  at  Ck>wley,  the  average  number  of  sand-stock  bricks  moulded  per  day 
was  32,000 ;  but  that  frequently  so  many  as  37,000,  or  even  50,000,  were  formed. 
The  total  amount  in  the  dirinkage  of  his  bricks  was  ^Jths  of  an  inch  upon  10  inches 
in  length ;  but  this  differed  with  the  di£^nt  days.  Mr.  Simms  objects  to  the  use  of 
machineiy  in  brick-making,  because  it  causes  economy  only  in  the  moulding,  which 
constitutes  no  more  than  about  one-eighth  of  the  total  expense. 

The  prindpal  machines  which  have  been  worked  for  this  purpose  are  three — 1st, 
thepug-mill ;  2nd,  the  wash-mill ;  8rd,  the roUing-milL 

The  pug-mill  is  a  cylinder,  sometimes  conical,  generally  worked  in  a  vertical  posi- 
tion, with  the  large  end  up.  Down  the  centre  of  this  is  a  strong  revolving  vertical 
shaft,  on  which  are  himg  horizontal  knives,  inclined  at  such  an  angle  as  to  form  por- 
tions of  a  screw,  that  is,  the  knives  follow  eadi  other  at  an  angle  farndng  a  series  of 
coils  round  this  shaft.  The  bottom  knives  are  laiger,  and  vary  in  form,  to  throw  off 
the  clay,  in  some  mills  vertically,  in  others  horizontally.  Some  have  on  the  bottom 
of  the  shaft  one  coil  of  a  screw,  which  throws  the  day  off  more  powerfully  where  it 
is  wished  to'give  pressure. 

The  action  of  this  mill  is  to  cut  the  day  with  the  knives  during  their  revolution, 
and  so  work  and  mix  it,  that  on  its  escape  it  may  be  one  homogeneous  mass,  without 
any  lumps  of  hard  untemnered  clay;  the  day  b^ng  thoroughly  amalgamated,  and  in 
the  toughest  state  in  which  it  can  be  got  by  tempering.  This  mill  is  an  excellent 
contrivance  for  the  purpose  of  working  the  day,  in  combination  with  rollers ;  but 
if  only  one  mill  is  worked,  it  is  not  generally  adopted,  for,  although  it  tempers, 
mixes,  and  toughens,  it  does  not  extract  stones,  crush  up  hard  substances,  or 
free  the  day  from  all  matters  injurious  to  the  quality  of  the  ware  when  ready  for 
market.  Tms  mill  can  be  worked  by  either  steam,  water,  or  horse-^wer;  but 
it  takes  much  power  in  proportion  to  the  quantity  of  work  which  it  performs. 
If  a  brick  is  made  with  day  that  has  passed  the  pug-mill,  and  contains  stones, 
or  marl  not  acted  on  by  weather,  or  lime-shells,  (a  matconal  very  common  in  days), 
or  any  other  extraneous  matter  iigurious  to  the  brick,  it  is  apparent  from  the 
action  of  this  mill  that  it  is  not  removed  or  reduced.  The  result  is  this,  the  bricks 
being  when  moulded  in  a  very  soft  state  of  tempered  material,  or  mud,  considerably 
^Atiact  in  drjingf  but  the  stones  or  hard  snl»tuioes  not  contracting,  cause  the  day, 
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to  cxadt ;  and  eren  if  ttiey  Aocld  not  be  snffimently  lafge  to  do  thii  in  diring,  doling 
tho  firing  of  tlie  bricks  there  is  a  still  farther  contraction  of  the  clay,  and  an  en>an- 
sion  of  1^  stone  from  the  heat  to  which  it  is  subjected,  and  the  result  is  generally  a 
fkulty  or  broken  bride,  and  on  being  drawn  from  the  kilns,  the  bricks  are  found  to  be 
imperfect. 

The  clay,  being  sufficiently  kneaded,  it  is  brought  to  the  bench  of  the  moulder, 
who  works  it  into  a  mould  made  of  wood  or  iron,  and  strikes  off  the  superfluous 
matter.  The  bricks  aie  next  delivered  from  the  mould,  and  ranged  on  the  ground ; 
and  when  they  have  acquired  sufficient  firmness  to  bear  handling,  they  are  dressed 
with  a  knife,  and  stacked  or  built  up  in  long  dwarf  walls,  thatched  oyer,  and  left  to 
dry.    An  able  workman  will  make,  by  hand,  5,000  bricks  in  a  day. 

The  different  kinds  of  bricks  made  in  England  are  principally  place  bricks,  grty  and 
red  stocks,  marl  facing  bricks,  and  cuUina  bricks.  The  place  bncks  and  stocks  are  used 
in  conmkon  walluig.  The  marls  are  made  in  the  neighbourhood  of  London,  and  used 
in  the  outside  of  buildings,  they  are  yery  beautiful  bricks,  of  a  fine  yellow  colour, 
hard,  and  well  burnt,  and,  in  everjr  respect,  superior  to  the  stocks.  The  finest  kind 
of  marl  and  red  bricks,  c^ed  cutting  bricks,  are  used  in  the  arches  over  windows  and 
doors,  being  rubbed  to  a  centre,  and  gauged  to  a  height. 

Bri(du^  in  this  country,  are  ffenerally  baked  either'  in  a  damp  or  in  a  kiln.  The 
latter  is  the  preferable  method,  as  less  waste  arises,  less  fuel  is  consumed,  and  the 
bricks  are  sooner  burnt.  The  kiln  is  usually  18  feet  long,  by  101  feet  wide,  and  about 
12  feet  in  height.  The  walls  are  one  foot  two  inches  thicjc,  earned  up  a  little  out  of 
the  perpendicular,  inclined  towards  each  other  at  the  top.  The  bricks  are  placed  on 
fiat  arches,  having  holes  left  in  them  resembling  lattice-work ;  the  kiln  is  then  covered 
with  pieces  of  tiles  and  bricks,  and  some  wood  put  in,  to  dry  them  with  a  gentle 
fire. 

This  continues  two  or  three  days  before  they  are  ready  for  burning,  which  is  known 
by  the  smoke  taming  from  a  darkish  colour  to  semi-transparency.  The  mouth  or 
mouths  of  the  kiln  are  now  dammed  up  with  a  shinloa,  which  consists  of  pieces  of 
bricks  piled  one  upon  another,  and  closed  with  wet  brick  earth,  leaving  above  it  just 
room  sufficient  to  receive  a  fagot.  The  fiigots  are  made  of  furze,  heath,  brake,  fern, 
&&,  and  the  kiln  is  supplied  with  these  until  its  arches  look  white,  and  the  fire 
appears  at  the  top ;  upon  which  the  fire  is  slatdiened  for  an  hour,  and  the  kiln  allowed 
gradually  to  cooL  TIus  heating  and  cooling  is  repeated  until  the  bricks  are  thorou^y 
burnt,  which  is  generally  done  in  48  hours.  One  of  these  kilns  will  hold  about 
20,000  bricks. 

Clamps  are  also  in  common  use.  They  are  made  of  the  bricks  themselves,  and 
generall^r  of  an  oblong  iosm.  The  foundation  is  laid  with  place  brick,  or  the  driest 
of  those  just  made,  and  then  the  bricks  to  be  burnt  are  buut  up,  tier  upon  tier,  as 
high  as  the  damp  is  meant  to  be,  with  two  or  three  inches  A  breese  or  cinders 
strewed  between  each  layer  of  bricks,  and  the  whole  covered  with  a  thidc  stratum  dT 
breeze.  The  fire-place  is  perpendicular,  about  three  feet  high,  and  generally  placed 
at  the  west  end ;  and  the  flues  are  formed  1^  gathering  or  arching  the  bricks  over,  so 
as  to  leave  a  space  between  each  of  nearly  a  bride  wide.  The  flues  run  straight 
through  the  damp^  and  are  filled  with  wood,  coals,  and  breese,  pressed  dosdy  to- 
gether. If  the  bndcs  are  to  be  burnt  off  quiddy,  which  may  be  done  in  20  or  30  days, 
acoordinff  as  the  weather  may  suit,  the  fines  should  be  only  at  about  six  feet  distance; 
but  if  there  be  no  immediate  hurry,  they  may  be  placed  nine  feet  asunder,  and  the 
damp  left  to  bum  off  dowly. 

The  following  remaito  by  Mr.  H.  Chamberiain,  on  the  drying  of  bricks,  have  an 
especial  value  firom  the  great  experience  of  that  gentleman,  and  his  careful  observation 
of  all  the  conditions  upon  which  the  prepixation  of  a  good  bride  depends. 

*  The  drying  of  bricks  ready  for  burmng  is  a  matter  of  great  importance,  and  xe- 
quires  more  attention  than  it  generally  receives.  From  hand-made  bricks  we  have  to 
evaporate  some  25  per  cent,  of  water  before  it  is  safe  to  bum  them.  In  a  woric  re- 
quiring the  make  of  20,000  bricks  per  dajr,  we  have  to  evaporate  more  than  20  tons 
of  water  every  24  hours.  Hand-made  bndcs  lose  in  drving  about  one-fourth  of  tiieir 
weight,  and  in  drying  and  burning  about  one-third.  The  average  of  machine  bricks 
— those  made  of  the  stiff  plastic  day — do  not  lose  more  than  half  the  above  amount 
from  evaporation,  and  are,  therefore,  of  much  greater  specific  gravity  than  hand-made 
ones. 

*  The  artificial  drying  of  bricks  is  carried  on  throughout  the  year  unintermptedhr  in 
sheds  having  the  fioor  heated  by  fires ;  but  this  can  only  be  effected  in  districts  mere 
coal  is  cheap.  The  fioors  of  these  sheds  are  a  series  of  tunnels  or  flues  running 
through  the  shed  longitndinallv.  At  the  lower  end  is  a  |)it,  in  which  are  the  ftmutces 
the  flre  travels  up  the  flues  under  the  floor  of  the  shed,  giving  off  its  heat  by  the  way, 
and  the  smoke  eeeapes  at  the  npper  end,  thwugh  a  series  of  (graeMlly  three  ov  four) 
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malleg  drfaimyi  or  iticfco.  Tfaefarnaoeendof  tbeMfioMwoaldnatamily  bemiieli 
more  hig^y  beattd  than  tbe  upper  end  near  the  chimneya.  To  remedy  this,  the- 
floor  ia  oonatnicted  of  a  greater  thidmeia  at  the  fire  end,  and  gradually  diininiahes  to 
within  a  short  distance  of  the  top.  By  this  means,  and  by  the  assistance  of  dampers 
in  the  chimnem  it  is  kept  at  nearly  an  equal  temperatore  throughout.  Bricks  that 
will  bear  rapd  drying,  such  as  are  made  from  marly  days  or  very  loamy  or  siliceous 
earths,  will  be  fit  for  the  kiln  infrom  12  to  24  hours.  Before  the  duty  was  taken  o£P 
bricks,  much  dishonesty  was  practised  by  unprincipled  makers,  where  this  drring 
oottld  be  oaaied  on  eoonomically.  Strong  days  cannot  be  dried  so  rapidly.  These 
sheds  axe  generally  walled  round  with  loose  bricks,  stacked  in  between  each  poet  or 
pillar  that  supports  the  zoo&  The  Ta^ur  given  cffttom  the  wet  bricks,  rising  to  the 
rool^  escapes.  Tin»  ^istem  of  diying  is  greatly  in  advance  of  that  in  the  open  air,  for 
it  produces  tiie  ware,  as  made,  without  any  deterioration  from  bad  weather ;  but  the 
eoroense  of  fuel  to  heat  these  flues  has  restricted  its  use  to  the  neighbourhood  of 
coUieries.  In  1846  attention  was  tamed  to  the  drying  of  bricks,  and  experiments 
earned  out  in  drying  the  ware  with  the  waste  heat  of  the  burning  kilns.  The  caloric, 
after  having  pasdied  the  ware  in  burning,  was  carried  up  a  flue  raised  above  the  floor 
of  the  shed,  am  gave  off  its  spent  heat  for  drying  the  ware.  Although  this  kiln  was 
most  useful  in  proving  that  the  waste  heat  of  a  burning  kiln  is  more  than  sufficient 
to  dry  ware  enou^  to  fill  it  again,  it  was  abandoned  on  account  of  the  construction 
of  the  kiln  not  being  good. 

*  Another  mtem  of  drying  is  in  dose  chambers,  by  means  of  steam,  hot  water,  or  by 
flues  heated  by  flre  under  the  chambers.  I  will,  therefore,  briefly  describe  the  steam- 
chamber  as  used  by  Mr.  Beart  This  is  a  square  construction  or  series  of  tunnels 
or  diambers,  built  on  an  incline  of  any  deored  length ;  and  at  some  convenient 
spot  near  the  lower  end  is  flxed  a  large  steam-boiler,  at  a  lower  level  than  the  drying 
chamber.  From  the  boiler  the  main  steam  pi^  is  taken  along  the  bottom  or  lower 
end  of  the  chamber,  and  firom  this  main,  at  nght  angles,  runs  branch  pipes  of  four 
inches  diameter  up  the  chamber,  two  feet  apart,  and  at  about  three  feet  from  the  top 
or  ardL  From  there  being  so  dose  and  shallow  a  chamber  between  the  heating  surface 
of  the  pipes  and  the  top,  and  so  lai^  an  amount  of  heating  surface  in  the  ppes,  the 
temperature  is  soon  oonsiderablpr  raised.  At  the  top  and  bottom  ends  are  shutters  or 
lids,  which  open  for  the  admission  of  the  green  ware  at  the  upper  end,  and  for  the 
exit  of  the  d^  ware  at  the  lower  end  of  the  chamber.  Over  the  steam-pipes  are  flxed 
iron  rollers,  on  which  the  tra^  of  bricks,  as  brought  from  the  machine,  are  placed, 
the  insertion  of  one  tray  forcing  the  tray  previously  put  in  farther  on,  assisted  in  its 
descent  by  the  inclination  of  the  construction.  The  steam  being  rused  in  the  boiler 
flows  through  the  main  into  those  branch  pines  in  the  chamber,  and  ftcan,  the  large 
amount  of  exposed  surfiioe  becomes  condensed,  giving  of  its  latent  heat  From  l£e 
incline  given  to  the  pipes  in  the  chamber,  and  m>m  the  main  pipe  also  having  a  fall 
towards  the  boiler,  the  whole  of  the  warm  water  firom  the  condensed  steam  flows  to 
the  boiler  to  be  again  raised  to  steam,  sent  up  the  pipes,  and  condensed  intermittentiy. 
The  steam  entering  at  the  lower  end  of  the  chamber,  it  is  of  course  warmer  than  the 
upperend.  Alongthe  top  end  or  highest  part  of  the  chambers  is  a  series  of  chimneys 
and  windguards,  through  which  the  damp  vapour  escapes.  The  bricks  from  the 
machine  enter  at  this  coder  end  charged  with  warm  vapour,  and  as  the  make  proceeds 
are  forced  down  the  chamber  as  each  tray  is  put  in.  Thus,  those  whi^  were  flrst 
inserted  reach  a  drier  and  warmer  atmosphere,  and,  on  their  arrival  at  the  lower  end, 
come  out  dry  bricks,  in  about  24  hours,  with  tiie  strongest  days.  In  some  cases  the 
waste  steam  of  the  working  engines  is  aent  through  these  pipes  and  condensed.  Brides 
will  dry  soundly  without  craddng,  ^.,  in  these  dose  chambers,  i^en  exposed  to 
much  greater  heat  than  they  would  bear  on  the  open  flue  flrst  described,  or  the  open 
air,  from  the  droumstanoe  of  the  atmosjdiere,  idthough  very  hot,  being  so  hignly 
charged  with  vapour.  In  practice,  these  steam-chambers  have  proved  many  prindples, 
but  tiiey  are  not  likely  to  become  universal,  for  they  are  very  expensive  in  erection 
on  accoimt  of  the  quantity  of  steam-pipes,  and  involve  constant  expense  in  fael,  and 
require  attention  m  the  management  of  the  steam-boiler ;  but  their  greatest  defect 
is  the  want  of  a  current  of  hot  air  through  the  chamber  to  cany  off  the  excess  of 
vapour  faster  than  is  now  done.  The  attaining  a  higher  degree  of  temperatare  in  these 
chambers  is  useless,  unless  there  is  a  current  to  carry  off  the  vapour.  Why  should 
this  piping  be  used,  or  steam  at  all,  when  we  have  a  la^mass  of  heat  being  constantiy 
wasted,  n^t  and  day,  during  the  time  the  kilns  are  burning?  and  after  the  process 
of  burning  the  kiln  is  completed,  we  have  pure  hot  air  flowing,  firom  48  to  60  hours, 
&om  the  mass  of  cooling  bri<^  in  the  kilns,  f^  firom  carbon  or  any  impurities ;  this 
oould  be  directed  through  the  drying  chambers,  entering  in  one  constant  flow  of  hot, 
dry  air,  and  escaping  in  wann  vapoor.  The  waste  heat  daring  the  process  of  burning 
«aa  be  taken  up  flaee  nndn  the  chawbar,  and  thereby  all  the  heat  of  our  bozmng 
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Iplns  may  be  eoooominQd  and  a  great  onUay  sayed  in  f  team-pipes,  boilezs,  and 
attention.  It  must  not  lite  forgotten,  also,  tliat  io  large  an  atmospheric  condenser  as 
the  steam-chamber  is  not  heated  without  a  considerable  expenditure  in  fdeL  This 
drying  by  steam  is  a  great  stride  in  advance  of  the  old  flued  shed ;  but  practical  men 
must  see  the  immense  loss  incurred  constantly  from  this  source  of  the  spent  heat  of  the 
burning  kilns,  and  that  by  economising  it,  an  immense  saving  will  be  effected  in  the 
manufacture.  The  kilns  are  constructed  as  near  the  lower  end  of  these  chambers  as 
convenient,* 

A  kiln  for  attaining  the  object  of  the  one  built  in  1846  by  Mr.  Chamberlain  is 
worked  at  £^n;  but  with  this  difference,  that  the  smoke  is  consumed.  The 
drying  shed  is  kept  quite  dose,  that  the  hot  flues  may  raise  the  temperature 
so  hi^  as  to  dry  Uie  ware.  In  Uiis  kiln  the  heated  gases  escape  from  the  top,  after 
passing  up  through  the  ware,  into  flues,  and  are  carried  to  the  ground,  and 
thence  into  the  drying  shed,  which  is  a  vonr  large  construction  in  proportion 
to  the  size  of  the  kiln,  and  holds  nearly  sufiScient  ware  to  fill  four  kilns.  In 
this  shed  the  heat  passes  up  a  hollow  wall,  about  six  feet  high,  and  after  running 
through  the  length  of  the  shed  on  one  side,  returns  down  similar  flues  on  the  opposite 
side  of  the  shed,  and  is  again  carried  to  the  kiln,  through  the  bottom  of  which  it  passes 
in  two  close  flues  between  the  three  kiln-fornacee,  with  the  exception  of  small  aper- 
tures, through  which  the  heat  enters  to  consume  the  smoke.  Erom  these  return  flues 
the  spent  gases  rise  up  a  shaft  at  the  end  of  the  kiln.  One  result  of  carrying  these 
return  flues  through  tne  kiln,  is  the  attaining  a  great  draft  or  suction  in  the  flues  to 
canv  off  vapour. 

The  common  brick  kiln  is  a  reetangnlar  building,  generally  open,  but  sometimes 
arched  over.  In  the  side  walls  and  opposite  to  each  other,  are  built  flreplac»s,  or 
holes  for  the  insertion  of  the  fuel.  The  furnaces  are  formed  in  the  setting  of  the 
kihi  with  unbumt  bricks,  and  above  these  the  kiln  is  filled  as  above  described.  In 
these  kilns,  from  the  raw  ware  forming  the  Aimaoe,  the  flash  of  the  flame,  fiN>m  the 
flres  of  the  walls,  too  often  vitrefles  and  destroys  the  nearest  bricks.  In  the  open 
kiln,  as  the  Are  or  heat  reaches  to  the  top,  the  fireman  soils  or  earths  it  down,  which 
throws  the  dn^  to  another  part  more  backward ;  and,  as  it  continues  to  rise,  he  pro- 
ceeds with  this  operation  until  all  the  top  is  earthed  in ;  he  then  continues  the  firing 
until  tiie  whole  has  sunk,  by  the  contraction  of  the  clay  in  the  fire,  to  the  desired 
depth.  The  fire-holes  are  then  stopped  up  with  mud,  and  the  kiln  is  left  to  cool 
gradually.  If  the  air  were  admittea  too  rapidly  while  the  kiln  was  at  tiiis  intense 
heat,  it  would  cause  bricks,  made  with  strong  clays,  to  fly  to  pieces  like  glass ;  it  is, 
in  fact,  the  process  of  annealing,  Cooling  too  quickly  also  afSddts,  in  many  days, 
the  cdour  of  the  bridLS. 

Temporary  kilns  are  constructed  in  the  country,  with  unbumt  bricks,  and  called 
damps.  In  Staffordshire,  the  brides  are  burnt  in  small  round  kilns,  called  ovens 
which  hold  firom  7}000  to  8,000  bricks  each ;  these  are  burnt  from  flro  in  the  walls 
round  the  ovens,  and  the  raw  ware  is  set  in,  so  as  to  form  a  flue  from  each  flre,  to 
direct  the  flame  to  the  centre.  These  ovens  bum  very  quickly,  and  a  most  intense 
heat  can  be  obtained  in  them.  Mr.  Chamberlain  must  be  again  quoted  on  tiie  burn- 
ing of  bricks : — 

'I  will  now  more  fully  describe  a  prindple  of  burning  whidi  I  have  had  in 
practice  for  the  last  six  years,  and  which  I  can  therefore  recommend  with  great  con- 
fidence. The  great  object  in  brick-making  is  to  attain  a  sufiBdent  heat  to  thoroughly 
bum  the  ware  with  as  small  a  consumption  of  coal  as  possible ;  and  with  nearly  an 
equal  distribution  of  the  heat  over  all  parts,  so  that  the  whole  of  the  ware,  being 
subjected  to  the  same  temperature,  may  contract  equallv  in  bulk,  and  be  of  one 
uniform  colour  throughout.  The  advantage  is  also  gained  of  burning  in  much  less 
time  than  in  the  old  kilns,  which,  on  an  average,  took  a  week ;  and  the  management 
is  so  simplified  that  any  man,  even  though  not  atall  conversant  with  the  manufacture, 
fi^r  he  has  seen  one  loin  burnt,  will  be  able  to  manage  another ;  and  the  last,  though 
not  least,  advantage  is,  that  of  delivering  up  to  us  the  waste  heat  at  the  ground  level, 
or  under  the  fioor  of  the  kiln,  to  be  used  in  drying  the  green  ware,  or  in  partially 
burning  the  next  kiln. 

*  Hitherto  the  heat  has  been  applied  by  a  series  of  fireplaces,  or  fines  and  openings 
round  the  kiln,  each  exposed  to  the  influence  of  the  atmosphere ;  and  in  bowterous 
weather  it  is  very  difficult  to  keep  the  heat  at  all  regular,  tiie  consequence  of  which 
is»  the  unequal  burning  we  often  see.  The  improvements  sought  by  experimentalists 
have  been  the  burning  the  goods  equally,  and,  at  the  same  time,  more  economically. 
These  aro  obtained  by  the  patent  kilns,  as  improved  by  Mr.  Bobert  Scrivener,  of 
Shdton,  in  the  Staffordshiro  Potteries.  The  plan  is  both  simple  and  effective,  and  is 
as  follows : — A  furnace  is  oonstmcted  in  the  odntre  of  the  kiln,  much  bdow  the  floor 
level,  and  so  built  tliat  the  heat  can  be  directed  to  any  part  of  the  kiln  at  ths  pleasure 
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cf  theflMmAXL  TitBt,  th^  hedt  is  directed  up  a  tabe  in  the  centre  to  the  top  of  the 
oven  or  kiln,  and,  as  there  is  no  escape  allowed  to  take  place  there,  it  is  draim  down 
through  the  goods  by  the  aid  of  flues  in  connection  with  a  chimney.  Thus,  all  the 
caloric  generated  in  the  furnace  is  made  use  of,  and,  being  central,  is  equally  difihsed 
throughout  the  mass ;  but,  towards  the  bottom,  or  over  the  exit  flues,  the  ware  would 
not  be  suffidenly  burnt  without  reversing  the  order  of  firing.  In  order  to  meet  this 
letpiirement  there  is  a  series  of  flues  undto  the  bottom,  upon  which  the  goods  are 
placed,  with  small  regulators  at  the  end  of  each ;  these  regulators,  ii^en  drawn  back, 
allow  the  fire  to  pass  under  the  bottom,  and  to  rise  up  among  the  goods  which  are  not 
sufficiently  fired,  and  thus  the  burning  is  completed.  By  means  of  these  regulators 
the  heat  may  be  obtuned  exactly  the  same  throughout ;  there  is,  therefore,  a  greater 
degree  of  certainty  in  firing,  and  a  considerable  saying  of  fael,  with  the  entire  con- 
sumption of  the  smoke.  Erom  the  fire  or  draught  being  under  command,  so  as  to  be 
allowed  either  to  ascend  or  descend  through  the  ware  during  the  time  of  burning  or 
coolinff,  the  waste  caloric  can  be  eoonomised  and  directed  through  the  adjoining  kiln 
in  order  to  partially  bum  it,  or  be  used  in  drying  of  the  raw  wares  on  fines  or  in 
chambers.  I  have  found  the  saving  of  fuel  in  these  kilns,  over  the  common  kiln, 
60  per  cent. ;  and  to  give  an  indea  Ss  the  facility  with  which  they  can  be  worked,  it 
is  common  for  my  men  to  fill  the  kiln,  bum,  cool,  and  discharge  it  in  six  days.* 
See  Kiln. 

In  France  attempts  were  long  ago  made  to  substitute  animals  and  machines  for  the 
treading  of  men's  feet  in  the  day  kneading  pit ;  but  it  was  found  that  their  schemes 
could  not  replace,  with  advantage,  human  labour  where  it  is  so  cheap,  particularly  for 
separating  the  stones  and  heterogeneous  matter,  from  the  loam.  The  more  it  is 
worked,  the  denser,  more  uniform,  and  more  durable,  the  bricks  which  are  made  of 
it  A  good  French  workman,  in  a  day's  labour  of  12  or  13  hoars,  it  has  been  said, 
is  able  to  mould  from  9,000  to  10,000  bricks,  9  inches  long,  4^  inches  broad,  and  2^ 
thick ;  but  he  must  have  good  assistants  under  him.  Li  many  brick-works  near 
Paris,  screw  presses  are  now  used  for  consolidating  the  bricks  and  paving  tiles  in 
their  moulds.  M.  Molerat  employed  the  hydrauuo  press  for  the  purpose  of  con- 
densing pulverised  clay,  which,  alter  baking,  formed  beautiful  bricks ;  out  the  process 
was  too  tedious  and  costly.  Aji  ingenious  contrivance  for  moulding  brides,  mechani- 
cally is  said  to  be  employed  near  Washington,  in  America.  This  machine  moulds 
30,000  in  a  daVs  'work  of  12  hours,  with  the  help  of  one  horse,  yoked  to  a  gin<* 
wheel,  and  the  bricks  are  so  dry  when  discharged  from  their  moulds,  as  to  be  r^ldy 
for  immediate  burning.  The  machine  is  described,  with  figures,  in  the  *  Bulletin  de 
la  BodM  d'Encouiagement,'  for  1819. 

Mechanical  Brick  Moulding. — ^Messrs.  Lyne  and  Stainford  obtained,  in  August 
1825,  a  patent  for  a  machine  for  making  a  considerable  number  of  bricks  at  one 
operation.  It  consists,  in  the  first  place,  of  a  cylindrical  pug-mill  of  the  kind  usually 
employed  for  comminuting  clay  for  bricks  and  tiles,  finished  with  rotatory  knifes, 
or  cutters,  for  breaking  the  lumps  and  mixing  the  day  with  the  other  materials  of 
whidi  bricks  are  commonly  made.  Secondly,  of  two  movable  moulds,  in  each  of 
which  fiiteen  bricks  are  made  at  once ;  these  moulds  being  made  to  travel  to  and  fro 
in  the  madiine  for  the  purpose  of  being  altematelv  brought  under  the  pug-mill  to 
be  filled  with  the  clay,  and  then  remov^  to  situations  where  plungers  are  enabled 
to  act  upon  them.  Thirdly,  in  a  contrivance  by  which  the  plungers  are  made  to 
descend,  for  the  purpose  of  compressing  the  material  and  discharging  it  from  the 
mould  in  the  form  of  bricks.  Fourthly,  in  the  method  of  constrocting  and  working 
tracks  which  cany  the  receiving  boards,  and  conduct  the  bricks  away  as  they  are 
formed* 

Fig,  254  exhibits  the  general  constraction  of  the  apparatus ;  both  ends  of  which 
being  exBcUy  similar,  little  more  than  half  the  machine  is  represented,  a  is  the 
cylindrical  pug-miU,  shown  partly  in  section,  which  is  supplied  with  the  clay  and 
other  matenals  £rom  a  hopper  above ;  6  6  are  the  rotatory  knives  or  cutters,  which 
are  attached  to  the  vertiou  shaft,  and,  being  placed  obliquely,  press  the  day  down 
towards  the  bottom  of  the  cylinder,  in  the  act  of  breaking  and  mixing  it  as  the  shaft 
revolves.  The  lower  part  or  the  cylinder  is  opened ;  and  immediately  under  it  the 
mould  is  placed  iti  which  the  bricks  are  to  be  formed.  These  moulds  run  to  and 
firo  upon  ledges  in  the  side  frames  of  the  machine ;  one  of  the  moulds  onlv  can  be 
shown  bv  dots  in  the  figure,  the  side  rail  intervening :  they  are  situated  at  cc, 
and  are  formed  of  bars  of  iron  crossing  each  other,  and  encompassed  with  a  frame. 
The  mould  resembles  an  ordinary  sash  window  in  its  form,  being  divided  into 
rectangular  compartments  (fifteen  are  proposed  in  each)  of  the  dimensions  of  the 
intended  bricks,  but  sufficiently  deep  to  allow  the  material,  after  being  considerably 
pressed  in  the  mould,  to  leave  it,  when  discharged,  of  the  usual  thickness  of  a  common 
OTidc 
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'   The  mould  being  open  at  top  and  bottom,  the  mateziat  is  allowed  to  peM  into  it» 
when  Bitnated  exactly  under  the  cylinder;  and  the  lower  side  of  the  mould,  when  so 


placed,  it  is  to  be  dosed  by  a  flat  board  <{,  supported  by  the  trucks,  which  is  raised  by 
ft  lever  and  roller  beneath,  running  upon  a  plun  rail  with  inclined  ends. 

The  central  shafts/,  is  kept  in  continual  rotatory  motion,  bv  the  revolution  of  the 
upper  horizontal  wheel  cr,  of  which  it  is  the  axis ;  and  this  wneel  may  be  tamed  by  a 
horse  yoked  to  a  radiating  aim,  or  by  any  other  means.  A  part  of  we  circumference 
of  the  wheel  ^,  has  teeth,  which  are  intended  at  certain  periods  of  ite  revolution  to 
take  into  a  toothed  pinion,  fixed  upon  the  top  of  a  rertical  shaft  h  h.  At  the  lower 
part  of  this  yertical  shaft  there  is  a  pullepr  t»  over  which  a  chain  is  passed  that  is  con- 
nected to  the  two  moulds  c,  and  to  the  name  in  which  the  trucks  are  supported ;  by 
the  rotation  of  the  yertical  shaft,  the  pulley  winds  a  chain,  and  draws  the  moulds  and 
truck  f^nmes  along. 

The  clay  and  oUier  material  haying  been  forced  down  from  the  cylinder  into  the 
mould,  the  teeth  of  the  horizontal  wheel  y,  now  come  into  gear  with  the  pinion  upon 
k,  and  turn  it  and  the  shaft  and  pulley  t,  b^  which  the  chain  is  wound,  and  the  mould 
at  the  right  hand  of  the  machine  brought  into  the  situation  shown  in  the  figure ;  a 
scraper  or  edge-bar  under  the  pug-mill  haying  leyelled  the  upper  face  of  the  clay  in 
the  mould,  and  the  board  d,  supported  by  the  truck  e,  formed  the  fiat  under-side. 

The  mould  bein^  brought  into  this  position,  it  is  now  necessary  to  compress  the 
materials,  which  is  done  by  the  descent  of  the  plungers  kk.  A  friction-roller  ^ 
pendant  from  the  under  side  of  the  horizontal  wheel,  as  that  wheel  revolves,  comes  in 
contact  witii  an  inclined  plane,  at  the  top  of  the  shaft  of  the  plunders ;  and,  as  the 
friction-roller  passes  over  this  inclined  plane,  the  plungers  are  made  to  descend  into 
the  mould,  and  to  compress  the  material ;  the  resistance  of  the  board  beneath  causing 
the  day  to  be  squeezed  into  a  compact  state.  When  this  has  been  effectually  accom- 
plishea,  the  further  descent  of  the  plungers  brinp;s  a  pin,  m,  against  the  upper  end  of 
a  quadrant  catch-level,  n,  and,  by  depressing  this  quadrant,  causes  the  balance-lever 
upon  which  the  truck  is  now  supported  to  rise  at  that  end,  and  to  allow  the  truck 
with  the  board  d  to  descend,  as  shown  by  dote ;  the  plungers  at  the  same  time  forcing 
out  the  bricks  from  the  moulds,  whereby  they  are  deposited  upon  the  board  d ;  when, 
by  drawing  the  truck  forward  out  of  the  madiine,  the  board  with  the  bricks  may  be 
removed,  and  replaced  by  another  board.  The  truck  may  then  be  again  introduced 
into  the  machine^  ready  to  receive  the  next  parcel  of  bricks. 

By  the  time  that  the  discharge  of  the  bricks  fh>m  this  mould  has  been  effected,  the 
other  mould  under  the  pug  cylinder  has  become  filled  with  the  clay,  when  the  teeth  of 
the  horizontel  wheel  coming  round,  take  into  a  pinion  upon  the  top  of  a  vertical 
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shafts  exacClj  rimilar  to  that  at'^  but  at  the  xerane  end  of  the  machine,  and  canae 
the  moulds  and  the  frame  supporting  the  trucks  to  be  slidden  to  the  left  end  of  the 
machine ;  the  upper  surface  of  the  mould  being  scraped  lerel  in  its  progress,  in  the 
way  already  described.  This  movement  brings  the  £rotion-wheel,  o,  up  the  inclined 
plane,  and  thereby  raises  the  tmckt  with  the  board  to  the  under  side  of  the  mould, 
ready  to  receive  another  supply  of  (day ;  and  the  mould  at  the  left-hand  side  of  the 
machine  being  now  in  its  proper  situation  under  the  plungers,  the  day  becomes  com- 
pressed, and  the  bridu  discharged  from  the  mould  in  the  way  described  in  the 
former  instance;  when  this  truck  being  drawn  out,  the  bricks  are  removed  to  be 
dried  and  baked,  and  another  board  is  placed  in  the  same  situation.  There  are  boxes, 
/>,  upon  each  side  of  the  pug  cylinder  containing  sand,  at  the  lower  parts  of  which 

small  sliders  are  to  be  (mened 
(by  contrivances  not  shown 
in  the  figure)  as  the  mould 
passes  under  them,  for  the 
purpose  of  scattering  sand 
upon  the  clay  in  the  mould 
to  prevent  its  adhering  to 
the  plungevs.    There  is  also 
a  rack  and  toothed  sector, 
with  a  balance-weight  con- 
nected to  the  inclined  plane 
at  the  top  of  the  plunger- 
rods,  for  uie  purpose  of  rais* 
inpr  the  plunger    after  the 
&iction-roller     has    passed 
over  it ;  and  there  is  a  spring  acting  against  the  back  of  the  quadrant-catch,  for  the 
purpose  of  throwing  it  into  its  former  situation,  after  the  pin  of  the  plunger  has  risen. 
An  effective  machine  for  brick-making  is  that  patented  by  Mr.  Edward  Jones,  of 
Birmingham,  in  August  1835.     His  improvements  are  described  under  four  heads: 
the  first  applies  to  a  machine  for  moulding  the  earth  into  bricks  in  a  circular  frame- 
plate  horizontally,  containing  a  series  of  moulds  or  rectanp;ular  boxes,  standing 
radially  round  the  circumference  of  the  circular  tnme,  into  which  boxes  successively 
the  clay  is  expressed  from  a  stationary  hopper  as  the  frame  revolves,  and  after  being 

so  formed,  the  bricks  are  suoces- 

11     sively  pushed  out  of  their  boxes, 

II     each  by  a  piston  acted  3>on  by  an 

/     inclined  plane  below.    The  second 

(      head  of  the  specification  describes 

a   rectangular    horizontal    firame. 

having  a  series  of  moulding  boxes 

placed  in  a  straight  range,  which 

are  acted  upon  for  pressing  the  clay 

by  a  corresponding  range  of  pistons 

fixed  in  a  horizontal  frame,  worked 

up  and  down  by  rods  extending 

from  a  rotatory  crank  shaft,  the  moulding  boxes  being  allowed  to  rise  for  the  purpose 

of  enabling  the  pistons  to  force  out  the  bricks  when  moulded,  and  leave  them  upon  the 

bed  or  bo^  below.    The  third  head  applies  particularly  to  the  making  of  tiles  for  the 

flooring  of  kilns  in  which  malt  or  grain  is  to  be  dried.    There  is  in  this  contrivance  a 

rectangular  mould,  with  pointed  pieces  standing  up  for  the  purpose  of  producing  air-holes 

through  the  tiles  as  they  are  moidded,  which  is  done  by  pressing  the  day  into  £e  moulds 

upon  the  points,  and  scraping  off  the  superfluous  matter  at  top  by  hand.    The  fourth 

or  last  head  applies  to  moulding  chimney-pots  in  double  moulds,  which  take  to  pieces 

for  the  purpose  of  withdrawing  the  pot  when  the  edges  of  the  slabs  or  sides  axe 

sufficiently  brought  into  contact. 

Fig,  255  represents,  in  elevation,  the  flrst-mentioned  machine  for  moulding  bricks^ 
The  moulds  are  formed  in  the  face  of  a  circular  plate  or  wheel,  a  a,  a  portion  of  the 
upper  surface  of  which  is  represented  in  the  horizontal  view,  fio,  256.  Any 
convenient  number  of  these  moulds  are  set  readily  in  the  wheel,  wU<m  is  mounted 
upon  a  central  pivot,  supported  by  the  masonry  b  b.  There  is  a  rim  of  teeth  round 
the  outer  edge  of  the  wheel  a  a,  which  take  into  a  pnion,  c,  on  a  shaft  connected  to 
the  first  mover ;  and  by  these  means  the  wheel  a,  with  the  moulding  boxes,  is  made 
to  revolve  horizontally,  guided  by  arms  with  anti-friction  rollers,  which  run  round  a 
horizontal  plate,  a  a,  fixed  upon  the  masoniy. 

A  hopper,  e,  filled  with  the  brick  earth,  shown  with  one  of  the  moulding  boxes  in 
section,  is  fixed  above  the  face  of  the  wheel  in  such  a  way,  that  the  earth  may  descend 


Digitized  by  VjOOQIC 


BBIOK 

from  tEe  hojpper  into  tlie  BeVeial  monlding  boxes  as  the  wheel  passte  MnAd  undef  it» 
the  earth  being  pressed  into  the  moolds,  and  its  snzfaoe  scraped  off  smooth  by  a 
conical  roller,  /,  in  the  bottom  of  the  hopper. 

Through  the  bottom  of  each  moulding  box  there  is  a  hole  for  the  passage  of  a 
piston-rod,  g^  the  upper  end  of  which  rod  carries  a  piston  with  a  wooden  pallet  upon 
it  acting  within  the  moulding  box ;  and  the  lower  end  of  this  rod  has  a  small  anti- 
friction roller,  which,  as  the  wheel  a  roTolyes,  runs  round  upon  the  &ce  of  an  oblique 
ring  or  inclined  way,  h  h,  fixed  upon  the  masonry. 

^e  day  is  introduced  into  the  moulding  boxes  from  the  hopper  fixed  over  the 
lowest  part  of  the  inclined  way  h ;  and  it  will  be  peroeiyed  that  as  the  wheel  reToWes,^^ 
the  piston-rods,  f,  in  passing  up  the  inclined  way,  will  cause  the  pistons  to  force  the 
new-moulded  bncks,  with  their  pallet,  or  board,  under  them,  severally  up  the  mould, 
into  the  situation  shown  at  i,  in/^.  256,  whence  they  are  to  be  removed  by  hand. 
iFresh  pallets  being  then  placed  upon  the  several  pistons,  they^  with  the  moulds,  will 
be  ready  for  moulmnff  fr^  bridcB,  when,  by  the  rotation  of  the  wheel,  a,  they  are 
severally  brought  under  the  hopper,  the  pistons  having  sunk  to  the  bottoms  of  their 
boxes,  as  the  piston-rods  passed  down  the  other  side  of  the  inclined  way  A. 

The  second  head  of  the  invention  is  another  constmctnon  of  apparatus  for  moulding 
bricks,  in  this  instance  in  a  rectangular  frame.  Fig,  257  is  a  front  elevation  of  the 
machine ;  Jig.  258,  a  section  of  the  same  taken  transversely,  a  a  is  the  standard 
firame-work  and  bed  on  which  the  bricks  are  to  be  moulded.  Near  the  comers  of 
this  standard  frame-work,  four  vertioed  pilars,  5  6,  are  erected,  upon  which  piUam 
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the  frame  of  the  moulding  boxes,  c,  slides  up  and  down,  and  also  the  bar,  d,  carrying 
the  rods  of  the  instons,  eee.  These  pistons  are  for  the  purpose  of  compressing  the 
day  in  the  moulding  box,  and  therefore  must  stand  exactly  over  and  correspond  with 
the  respective  moulds  in  the  frame  c,  beneath. 

The  sliding  frame,  c,  constituting  the  sides  and  ends  of  the  moulding  boxes,  is  sup* 
ported  at  each  end  by  an  upright  sliding  rod,/,  which  rods  pass  through  guides  fixed 
to  the  sides  of  the  standard  frame,  a  a,  and  at  the  lower  end  of  each  there  is  a  roller, 
bearing  upon  the  levers,  g,  on  each  side  of  the  machine,  but  seen  only  in  Jig.  258, 
which  levers,  when  depressed,  allow  the  moulding  boxes  to  descend  and  rest  upon 
the  bed  or  table  of  the  machine  h  h. 

In  this  position  of  the  machine  resting  upon  the  bed  or  table,  the  brick-earth  is  to  be 
placed  upon,  and  spread  over,  the  top  of  the  frsaae  c,  by  the  hands  of  workmen,  when 
tiie  descent  of  the  i>lunger  or  pistons  eee  will  cause  the  earth  to  be  forced  into  the 
moulds,  and  the  bricks  to  be  formed  therein.  To  effect  this,  rotatory  power  is  to  be 
applied  to  the  toothed  wheel  t,  fixed  on  the  end  of  the  main  driving  crank-shaft  k  k^ 
whidi  on  revolving  will,  by  means  of  the  crank-rods  /  /,  bring  down  the  bar  a,  with 
the  pistons  or  plunger  eee,  and  compress  the  earth  compactly  into  the  moulds,  and 
thereby  form  the  bricks. 

When  this  has  been  done,  the  bricks  are  to  be  released  fry,m  the  moulds  by  the 
moulding  frame,  c,  rising  up  from  the  bed,  as  shown  in  fig,  257t  the  pistons  still  re- 
maining depressed,  and  bearing  upon  the  upper  surfaces  of  the  bricks.  The  moulding 
frame  is  raised  by  means  of  cams,  m,  upon  tiie  crank-sh^  which  at  this  part  of  the 
o^ration  are  brought  under  the  levers  g,  for  the  purpose  of  raising  the  cams  and  the 
sUdiog  rods /into  the  position  shown  in^^.  258. 
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The  birickB  haTing  been  thus  formed  and  released  from  their  monMs,  they  are  to  be 
removed  firom  the  bed  of  the  machine  by  poshing  forward,  on  the  front  side,  fresh 
boards  or  pallets,  which  of  course  will  drive  the  brides  out  npon  the  other  side,  whence 
they  are  to  be  removed  by  hand. 

There  is  to  be  a  small  hole  in  the  centre  of  each  pallet,  and  also  in  the  bed,  for  the 
purpose  of  allowing  any  superfluous  earth  to  be  prised  through  the  moulding  boxes 
when  the  pistons  desoend.  And  in  order  to  cut  off  the  projecting  piece  of  day  which 
would  be  thus  formed  on  the  bottom  of  the  brick,  a  knife-edge  is  in  some  way  con- 
nected to  the  bed  of  the  madiine,  and  as  the  bride  slides  over  it,  the  knife  separates 
the  ]p)tuberant  lump ;  but  the  particular  construction  of  this  part  of  the  apparatus  is 
considered  to  be  of  HtUe  importance,  and  the  manner  of  eflroctiiig  the  object  is  not 
dearly  stated  in  the  specification. 

Fig,  259  represents  Mr.  Hunt's  machine.  The  prindpal  parts  consist  of  two  cylin- 
ders, each  coinared  b^  an  endless  web,  and  so  placed  as  to  form  tbe  front  and  back  of 
a  hopper,  the  two  sides  being  iron  plates,  placed  so  that  when  the  hopper  is  filled 
with  tempered  day  from  the  pug-mill,  the  lower  ^art  of  the  hopper,  and  consequently 
the  mass  of  day  within  it,  hais  exactly  the  dimensions  of  a  brick.  Beneath  the  hopper 
an  endless  chain  travels  simultaneously  with  the  movement  of  the  cylinders.  The 
pallet-boards  are  laid  at  given  intervals  upon  the  chain,  and  being  Uius  placed  under 
the  hopper,  while  the  day  is  brought  down  witii  a  slight  pressure,  a  name  with  a 
wire  stretched  across  it  is  projected  through  the  mass  of  day,  cutting  off  exactly  the 
thickness  of  the  brick,  which  is  removed  at  the  same  moment  by  Uie  forward  move- 
ment of  the  endless  chain.  This  operation  is  repeated  each  time  that  a  pallet-boaid 
comes  under  the  hopper. 


There  are  numerous  machines  in  use  for  the  manufacture  of  bricks.  For  the 
manufacture  of  perforated  bricks,  Mr.  Heart's  machine  is  the  most  generally  em- 
ployed. Mr.  Chamberlain  thus  describes  it : — *  The  mostuniversally  used  die-machine 
whidi  has  been  extensively  worked  up  to  the  present  time  is  Mr.  Beart's  patent  for 
perforated  bricks.  This  gentleman,  who  is  practically  acquainted  with  these  matters, 
in  order  to  remedy  the  difficulties  I  have  mentioned  in  expressing  a  mass  of  day 
through  a  large  aperture  or  die,  hung  a  series  of  small  tongues  or  cores,  so  as  to  form 
hollow  or  perforated  bridra.  By  una  means  the  day  was  forced  in  its  passage 
through  the  die  into  the  comers,  having  the  greater  amount  of  friction  now  in  the 
centre.  Stall,  the  bricks  came  out  rough  at  the  edge  with  many  davs,  or  with  what 
is  termed  a  jagged  edge.  The  water-me  was  afterwards  applied  to  this  machine,  and 
the  perforated  brides,  now  so  commonly  used  in  London,  are  the  result.  In  Mr. 
Beart's  machine,  which  is  a  pug-mill,  the  day  is  taken  after  passing  through  the 
rolling-mill,  and  bdng  fed  in  at  the  top,  is  worked  down  by  the  knives.  At  the 
bottom  are  two  horizontal  day-boxes,  in  which  a  plunger  works  backwards  and  for- 
wcffds.  As  soon  as  it  has  reached  the  extremity  of  its  stroke,  or  forced  the  day  of 
one  box  through  the  die,  the  other  box  receiving  durinjg  this  time  its  charge  of  day 
from  the  |mg-inill,  the  plungcnr  returns  and  empties  this  box  of  clay  through  a  die  on 
the  opposite  side  of  the  madiine.  The  result  is,  that  while  a  stream  of  clay  is  beinff 
forced  out  on  one  side  of  the  machine  the  day  on  the  opposite  side  is  stationary,  ana 
can,  therefore,  be  divided  into  a  series  of  five  or  six  bncks  with  the  greatest  correct- 
ness by  hand.  Some  of  these  machines  have  both  boxes  on  one  side  and  the  plungers 
worked  by  cranks.  This  machine  cannot  make  bricks  unless  the  clay  has  previously 
passed  through  rollers,  if  coarse ;  for  anything  at  all  rough,  as  stone  or  other  hard 
substance,  would  hang  in  the  tongues  of  the  die.  But  the  clay  being  afterwards 
pugged  in  the  maclune  is  so  thoroughly  tempered  and  mixed,  the  bricks  when 
made  cannot  be  otherwise  than  ^d,  provided  they  are  suffidently  fired.  As  to  the 
utility  of  hollow  or  perforated  bncks,  that  is  a  matter  more  for  the  considezatioh  of  th« 
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architect  or  bnildeir  than  for  the  brick-maker.  Perforated  bricks  are  a  fiftii  leas  in 
weight  than  solid  ones,  which  is  a  matter  of  some  importance  in  transit;  bat  it  iakm 
considerably  more  power  to  force  the  day  throngh  those  dies  than  for  solid  btidc- 
making.  la  the  manufacture  of  perforated  bricks,  there  is  also  a  royalty  or  patent- 
ri^t  to  be  paid  to  Mr.  Beart' 

Mr.  Ohamberlain's  own  machine  is  in  principle  as  follows  (fy.  260) :— The  dsT  is 
fed  into  a  pog-miU,  placed  horisontally,  which  woiks  and  amalgamates  it»  and  then 
forces  it  off  through  a  mouth-piece  or  die  of  about  65  square  inches,  or  about  half  an 
inch  deeper  and  half  and  inch  longer  than  is  required  for  the  brick,  of  a  form  similar 
to  a  brick  on  edge,  but  with  comers  well  rounded  off,  each  comer  forming  a  quarter  of 
a  3-inch  circle,  for  day  will  pass  smoothly  through  an  aperture  thus  formecC  but  not 
through  a  keen  angle.  After  Uie  day  has  escaped  from  we  mill  it  is  seised  by  four 
rollers,  covered  with  a  porous  fabric  (moleskin),  driren  at  a  like  surfsiee  speed  ttom 
connection  with  the  pug-mill.  These  rollers  are  two  horizontal  and  two  Tertieal  ones, 
ha-nng  a  space  of  45  inches  between  them ;  they  take  this  larger  stream  of  rough 
clay,  and  press  or  roll  it  into  a  squared  block,  of  the  exact  size  and  shape  of  a  brick 
edgeways,  with  beautiful  shar]^  edges,  for  the  cday  has  no  friction,  being  azawn  throng 
by  the  rollers  instead  of  forcing  itself  through,  and  is  delivered  in  one  nnbrcAvn 
stream.  The  rollers  in  this  machine,  perform  the  functions  of  the  die  in  one  dass  of 
madiineiy,  and  of  the  mould  in  the  other.  They  are,  in  &ct,  a  die  with  rotating 
Bux&ees.    By  hanging  a  series  of  mandrels  or  cores  between  these  zollea,  or  by 
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merely  changing  the  mouth-piece,  we  make  hollow  and  perfiorated  bricks,  without  any 
alteration  in  the  machine. 

Messrs.  Bradler  and  Oraven,  of  Wakefield,  have  invented  a  very  ingenious  brick- 
making  (Jig.  261)  machine : — 

It  consists  of  a  vertical  pug-mill  of  a  peculiar  form,  and  greatly  improved  constmo- 
tion,  into  the  upper  port  of  which  the  cleiy  is  fed.  In  this  part  of  the  apparatus  the 
day  nndersoes  the  most  perfect  tempering  and  mixing,  and  on  reaching  the  bottom  of 
the  mill,  thoroughly  amalgamated,  is  fordbly  pressra  into  the  moulcfs  of  the  form 
and  size  of  bricks  required,  which  are  arruigea  in  the  form  of  a  circular  revolving 
table. 

As  this  table  revolves,  the  piston-rods  of  the  moulds  ascend  an  incline  plane,  and 
padually  lift  the  bricks  out  of  the  moulds,  whence  they  are  taken  from  the  machine 
by  a  bof  ,  and  placed  on  an  endless  band  which  carries  the  bricks  direct  to  the  waller, 
thus  effecting;  the  saving  of  the  floor  room. 

The  speed  of  the  several  parts  of  the  machine  is  so  judidously  arranged,  that  tfaa 
operations  of  pugging,  moulding,  and  delivering  proceed  simultaneoudy  in  due  order, 
the  whole  being  easily  driven  bjr  a  steam-engine  of  about  six-horse  power,  which,  at 
the  ordinary  rate  of  working,  will  make  12,000  bricks  per  day ;  or,  with  d^t-horM 
power,  from  15,000  to  18,000. 

In  consequence  of  the  perfect  amalgamation  of  the  clay,  and  the  great  pressure  to 
whidi  it  is  subjected  in  the  moulds,  Uie  bridu  produced  by  this  marine  are  petfeot; 
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and  from  the  stiffiiess  of  the  day  used,  less  water  has  to  be  evapomted  in  the  diying, 
thus  saying  one  half  the  time  zeqnired  for  hand-made  bridES,  and  ayoiding  the  zuk  of 
loss  from  bad  weather. 


The  following;  remarks  by  Dr.  Ure  are  deserving  of  attention : — 

*  The  brick  kilns  and  damps  round  London  and  other  large  dtieSi  which  are  fired 
with  the  breeze  mbbish  collected  from  dust-holes  that  contain  the  refuse  of  kitdiens, 
&C.,  emit»  in  consequence,  most  unpleasant  effluvia ;  but  brick  kilns  fired  with  clean 
ooke  or  coal  give  out  no  gases  of  a  more  noxious  nature  than  common  household 
fires.  The  consideration  of  this  subject  was  dosely  pressed  upon  my  attention  on 
being  consulted  concerning  an  injunction  issued  by  the  Chancellor  against  a  brick 
clamp  in  the  Isle  of  Wight,  fired  with  clean  coke-dnders  from  the  steam-engine  fur- 
nace at  Portsmouth  Dod^ard.  The  bricks,  being  of  the  description  called  sand  stock, 
were  of  course  made  in  moulds  very  slightly  dusted  with  sand,  to  make  them  fall 
freely  out.  The  sand  was  brought  trom  Portsmouth  Harbour,  and,  on  being  subjected 
to  a  degree  of  heat  more  intense  certainly  than  it  could  suffer  in  the  damp,  was 
thought  to  g^ye  out  traces  of  hydrochloric  add. 

'  iU  it  is  well  known  to  the  chemist  tbat  common  salt  strongly  ignited  in  contact 
with  moist  sand  will  emit  hydrochloric  add,  there  was  nothing  remarkable  in  the 
above  observation;  but  I  ascertained  that  the  sand  with  which  the  moulds  were 
strewed  would  give  out  no  hydrochloric  add  at  a  heat  equal  at  least  to  what  the 
bricks  were  exposed  to  in  a  damp  10  or  12  feet  high,  and  fired  at  its  bottom  only 
with  a  layer  of  *dnders  3  or  4  inches  thick.  But  I  farther  demonstrated  that  the 
entire  substance  of  the  brick,  with  its  scanty  film  of  sand,  on  being  exposed  to  igni- 
tion in  a  suitable  apparatus,  gave  out — not  hydrochloric  or  any  oUier  corrosive  add, 
but  ammonia  gas.  Hence,  the  allegations  that  the  damp  sent  forth  a  host  of  add 
gases  to  blight  the  neighbouring  trees  were  shown  to  be  utterly  groundless ;  on  the 
conttarj,  the  ammonia  eydved  from  the  heated  day  would  act  benefidally  upon 
yegetation,  while  it  was  too  small  in  (quantity  to  annoy  any  human  bdng.  A  few 
ya^  to  leeward  of  a  similar  damp  m  full  activity,  I  could  percdve  no  offensive 
odour.  All  ferruginous  day,  when  exposed  to  the  atmosphere,  absorbs  ammonia  from 
it,  and  of  course  emits  it  again  on  being  gently  ignited.' 

floating  bricks  are  a  very  ancient  invention ;  the^are  so  light  as  to  swim  in  water ; 
and  Pliny  tells  us  that  they  were  made  at  Marseilles,  at  Colento,  in  Spain,  and  at 
Pittane,  in  Asia.  This  invention,  however,  was  completely  lost  until  M.  Fabroni 
published  a  discovery  of  a  method  to  imitate  the  floating  bricks  of  the  andent0« 
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.  Accoidisg  to  Poridonins,  these  bricks  vere  made  of  a  kind  of  aigillaceons  earth,  whidi 
was  employed  to  dean  silyer  plate.  Bat  as  it  could  not  be  onr  tripoli,  which  is  too 
heaTj  to  float  in  water,  M.  Fabroni  tried  seyeial  experiments  with  mineial  agaric, 
gohr,  lac-lnnse,  and  fossil  meal,  which  last  was  found  to  be  the  yerj  substance  of 
which  he  was  in  search.  This  earth  is  abundant  in  Tuscany,  and  is  found  near  Cas- 
teldelpiano,  in  the  territories  of  Sienna.  According  to  the  analysis  of  M.  Fabroni,  it 
consists  of  55  parts  of  siliceous  earth,  15  of  magnesia,  14  of  water,  12  of  alumina,  8 
of  lime,  and  1  of  iron.  It  exhales  an  aigillaceous  odour,  and,  when  sprinkled  with 
water,  throws  out  a  light-whitish  smoke.  It  is  infusible  in  the  fire,  and,  though  it 
loses  about  an  eighth  part  of  its  weight,  its  bulk  is  scarcely  diminished.  Bricks  com- 
posed of  this  substance,  either  baked  or  unbaked,  float  in  water ;  and  ^^  port  of  day 
may  be  added  to  their  composition  without  taking  away  their  property  of  swimming. 
These  bricks  resist  water,  unite  perfectly  with  lime,  are  subject  to  no  alteration  from 
heat  or  cold,  and  the  baked  differ  from  ike  unbaked  only  in  the  sonorous  quality  which 
they  haye  acquired  from  the  fire.  Their  strength  is  litxle  inferior  to  that  of  common 
bricks,  but  much  greater  in  ^portion  to  their  weight ;  for  M.  Fabroni  found  that  a 
floating  brick,  measuring  7  mdies  in  length,  4^  in  breadth,  and  1  inch  8  lines  in 
thidmess,  weighed  only  14J-  oz.,  whereas  a  common  brick  weighed  5  lbs.  6|  os. 

As  an  experiment,  M.  Fabroni  constructed  the  powder  magazine  of  a  ship  of  these 
bricks ;  the  yessel  was  set  on  fire,  and  sank  without  exploding  the  powder. 

This  earth  has  been  found  near  Clermont,  in  the  Auyergne.  Ehrenbeig  has  shown 
that  it  is  entirely  composed  of  microscopic  siliceous  shells.  Bricks  composed  of  this 
earth  weigh  only  half  as  much  as  the  ordinary  ones. 

Fire  bncks  are  made  extensiyely  in  the  neighbourhood  of  Kewcastle-on-Tyne  and 
at  Stourbridge.  For  the  analyses  of  the  clays  of  which  these  and  others  are  con- 
structed, see  Qlay. 

Stone  Bricks, — ^These  are  manufactured  at  Keath,  in  Glamoiganshire,  and  are  yeiy 
mudi  used  in  the  construction  of  copper  furnaces  at  Swansea.  They  are  usually 
known  as  the  *  Dinas  bricks.' 

The  materials  of  which  the  brides  are  made  are  brought  from  a  quany  in  the 
neighbourhood.  They  are  yeiy  coarse,  being  subjected  to  a  yer^  rude  crashing 
operation  under  an  edge  stone,  and,  from  the  size  of  the  pieces,  it  is  impossible  to 
mould  by  hand.  There  are  tbree  qualities,  which  are  mixed  together  with  a  little 
water,  so  as  to  giye  the  mass  coherence,  and  in  this  state  it  is  compressed  by  the 
machine  into  a  mould.  The  bride  which  results  is  treated  in  the  ordinary  way,  but 
it  resists  a  mudi  greater  heat  than  the  Stourbridge  day  brick,  expands  more  by  heat» 
and  does  not  contract  to  its  original  dimensions.  The  composition  of  the  three 
materials  is  as  follows : — 

From  Pondreyn  From  Dfnu 

Silica 94-05  100*      91*95 

Alumina,  with  a  trace  of  ox.  iron       4*55  traces        8*05 

lime  and  magnesia     ....  traces     traces 

98-60  100*    10000 

— Z^.  Riekardson:  Knapp*8  Tecknoloffy, 

Since  the  introduction  of  the  Siemens  gas-fomace,  and  the  Bessemer  process  for 
cast-steel  manufeKjture,  into  countries  which,  unlike  our  own,  are  not  well  supplied 
with  fire-resisfing  materials,  great  difficulty  has  been  experienced  in  obtaining 
bricks  of  a  suffidently  refractory  diaracter  to  withstand  the  extremely  high  tempera- 
ture deyeloped  in  the  melting  chamber,  as  well  as  the  sudden  and  yiolent  alternations 
in  other  parts  of  the  f^imace.  In  order  to  obyiate  this  difficulty,  Mr.  Joseph  Khem, 
a  well-known  Austrian  metallu]^;ist,  has  introduced  a  plan  of  manufacturing  siliceous 
bricks,  which  he  describes  as  being  superior  to  any  other  re&actory  material  obtained 
in  Austria.  The  diief  ingredient  is  quartz  of  the  highest  possible  degree  of  purity, 
especial  care  being  taken  to  reject  all  such  samples  as  show  any  admixtare  of  iron 
or  copper  pyrites,  carbonate  of  lime,  or  eyen  mica,  or  felspar.  The  <]uartz  so  select 
is  heated  in  quantities  of  from  10  to  15  tons,  in  a  Bumford  lime-kiln  for  10  or  12 
hours,  till  it  attains  a  full  red  heat^  when  it  is  quenched  in  water ;  the  fragments  are 
then  deaned  by  a  simple  jigging  process,  and  subsequently  are  crushed  under  a  tilt 
hammer,  soffiaently  fine  to  pass  tlirough  a  sieye  haying  60  holes  to  the  square  indu 
The  hammer  weighs  2^  cwts.,  and  is  capable  of  crushing  3}  tons  of  quartz  in  12  hours. 
Two  yarieties  of  clay  are  used,  differing  slightly  in  plastidty ;  they  are  prepared  by 
carefal  weathering,  pulyerisation  under  light  stamp-heads,  and  grinding  under  edge 
rollers ;  a  final  sifting  is  performed  through  a  sieye  of  600  apertures  to  the  inch.  The 
purest  quartz  is  resco^for  the  firstquality  of  brick,  which  We  to  resist  the  greatest 
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heat;  while  the  second  and  third  class,  for  less  exposed  positions,  are  made  chiefly  of 
the  remains  of  bricks  which  haye  been  already  nsed,  ground  and  sifted  afiresh.  The 
following  are  the  mixtures  employed : — 

first  class :  16  parts  of  qnartz  to  1  plastic  day,  or  14  parts  of  quarts  to  1  of  leaner 
elay.  Second  class:  16  parts  of  ground  bricks  of  the  1st  class,  to  1  of  day.  Ihird 
dass :  8  parts  of  ground  bricks  of  the  2nd  and  drd  classes,  to  1  of  clay. 

The  latter  class  are  made  more  with  a  view  to  obtain  medianical  strength  than  fire- 
resisting  power. 

The  materials  are  mixed  together  dry,  and  are  thoroughly  incorporated  by  knead- 
ing with  water,  and  treading  under  men's  feet;  about  18  cubic  feet  are  operated 
upon  at  one  time.  Suffident  water  must  be  added  to  allow  the  mixture  to  be  worked 
into  a  ball  between  the  fingers  without  crumbling.  The  second  and  third  dass 
bricks  are  formed  in  open  moulds,  the  stuff  being  beaten  down  by  a  metal  rammer  of 
about  44  lbs.  weight ;  the  first  dass,  howeyer,  are  subjected  to  a  pressure  of  about 
8  tons  to  the  square  inch  during  a  period  of  three  quarters  of  an  hour,  before  they 
are  removed  from  the  moulds.  The  drying  takes  place  in  chambers,  through  whi^ 
a  current  of  air  passes,  at  the  ordinary  temperature  m  summer,  but  artificially  warmed 
in  winter ;  the  bricks  are  fit  for  burning  in  from  4  to  6  days.  The  kUns  are  rect- 
angular chambers,  each  haying  two  step-grate  fireplaces  in  one  of  the  shorter  sides, 
and  a  fine  communicating  with  a  high  chimney  at  the  opposite  end.  The  capadty  is 
about  2,800  or  2,500  bricks.  As  soon  as  the  kiln  is  ^ed,  the  charging  aperture  is 
partly  dosed,  and  a  gentle  fire  is  kept  in  the  grates,  the  fine  damper  being  shut 
After  36  hours,  the  charging  hole  is  entirdy  dosed,  and  the  draugnt  is  urged  by 
opening  the  damper  inch  by  inch  at  intervals,  until,  at  the  end  of  65  or  70  hours,  the 
i^ole  of  the  charge  has  attained  a  strong  white  heat.  The  fires  are  then  removed, 
the  damper  is  shut  down,  the  grates  are  filled  with  sand,  and  any  cracks  that  may 
have  formed  in  the  kiln  are  carefrdly  luted  up.  After  standing  in  this  way  for  24 
hours,  the  dnurging  place  is  gradually  opened,  and  in  from  86  to  48  hours  more,  the 
burnt  bricks  may  be  removed. 

MBIOML  C&AT.  The  fiEaniliar  term  for  any  day  used  in  the  manufacture  of 
bridu.  A  good  day  for  this  purpose  is  a  silicate  of  alumina,  combined  in  various 
proportions  with  s«id.  Brick  my  is  used  by  geologists  in  oontradistinction  to 
Boulder  day. 

8BICX  SABTS.  A  marly  earth,  containing  much  alumina,  laigdy  employed 
in  bride-making. 

smiCX  X^Ur.    See  Kiln. 

BKICSL  OTIam    This  is  a  relic  of  old  pharma^ :  it  was  prepared  by  putting  red- 
hot  roughly  powdered  brick  into  linseed  oiL    It  is  no  loDger  used,  exeept  by  old 
apothecaries  and  druggists  in  remote  country  towns. 
«B  COPPas  OBS.    SeeTnaOBB. 
See  Ibon  Bikidob. 
BTOWa.    {Sovfre,  Er. ;  Sckw^a,  Qer.)    Sulfeub. 

Our  layporU  of  Brimstone  for  the  years  ending  1871  were  as  followB : — 

1M9  1870  1871 

Qnmtifty  Ydne  Qnantitj  Value  Qnantitj        Yalna 

Owts.  £  Owti.  «  Owts.  £ 

1,015,329      388,723  1,065,360      886,660  937,049      803,717 


The  stiff  glossy  hair  of  swine,  which  grows  chiefly  on  the  backs  of 
those  animals,  both  in  the  wild  and  the  domesticated  state.  Bristles  are  used  in  the 
manufacture  of  brushes. 

In  1864  our  ImipwU  of  Bristles  from  Bussiawere  1,958,112  lbs.,  valued  at  252,923^.; 
from  Prussia  59,113  lbs.,  valued  at  7,635^. ;  from  Hamburg  207,274  lbs.,  valued  at 
26,772/.;  from  Belgium  84,880  lbs.,  valued  at  4,505/L;  from  France  51,859  lbs., 
valued  at  6,6992. ;  from  other  parts  34,897  lbs.,  valued  at  4,507/. :  total  amount, 
2,346,135  lbs.,  valued  at  303,041/.  In  the  same  year  we  exported  12,395  lbs.  valued 
at  2,264/.  The  importations  for  1872  were: — ^From  Eussia,  1,800,933  lbs.;  from 
Germany,  572,727 lbs.;  from  Holland,  492,921  lbs.;  from  Belgium,  94,842  lbs.; 
from  Finmce,  60,030  lbs. ;  and  from  other  countries,  46,642  lbs.  The  total  value 
bdng  517,809/. 

BBIBTOZi  BXAMOWBS.  Brilliant  crystals  of  quarts,  found  in  the  SU  Vinoent 
Bocks,  near  Bristol.    They  are  often  cut  and  jralished  for  ornaments. 

BSlTAmZA  MBTAXk    An  alloy  of  tin  with  oopper  and  antimony.    In  the 
best  kinds  a  little  nickd  is  used.    See  Allots. 
OVM.    See  Dbxtbinb. 

»&AWca.    See  SiLVBB  Obis. 
OBB.    See  SiLVBB  Obbs. 
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OF  SIUVBB.    See  811.TBB  Obm. 
KOJLB  C&OTX.    A  fine  kind  of  wodlen  eloth»  ^rfaieh  exoeedfl  twenty-nine 
inches  in  "width.    All  of  lees  width  are  known  as  narrow  doths, 

»»OAl>  OAlTQMi.  Bails  laid  wide  apart,  as  on  the  Great  Western  Bailwayand 
its  branches,  in  contiadistinotion  to  the  narrow  gauge^  as  on  all  the  other  rail^wajs  of 
the  Ejngdom.   The  broad  gange  rails  are  6  feet  apart ;  the  narrow  gau^  rails  4^  feet 

B»aAB  smav*  The  TBrminaUa  UUifolia,  a  tree,  native  of  Jamaica,  the  wood  of 
•wMck  is  used  for  boards,  scantlings,  shingles,  and  staves.  It  is  sometimes  mistaken 
for  the  almond  tree,  owing  to  the  shape  of  its  fruit.    See  TBBHnrALiA. 

WMOAJnUMMm  A  seaman* s  term — ^the  fall  length  or  side  of  a  ship^  A  printer's^ 
term^tk  fall  printed  page  of  any  sized  sheet 

XBOCABB.  A  rich  stoat  silk,  formerly  mnch  -worn,  by  ladies  of  rank.  A  name 
commonly  ciyen  to  any  variety  of  staff  upon  which  raised  flowers  are  embroidered. 
The  name  is  also  given  to  a  doth  of  silk  and  gold  mann&ctored  in  Eastern  conntrios. 

BSOOikTBUba.  Idnsey-woolsey  is  so  c»lled  in  Erance.  A  silk  material  -wfaidi 
is  nsed  for  lining  carriages. 

BXOOATa&XiZ  MAXBIdi.  An  artificial  marble  made  from  fragments  of 
natoial  marbles  united  by  means  of  an  artificial  cement 

An  ore  of  copper  found  in  this  country  at  Bonghton  Gill,  in 


Onmberiand.    It  has  also  been  Recovered  in  Siberia,  Kassan,  and  elsewhere.    Its 
composition  is  solphnric  add,  17*7 ;  protoxide  of  copper,  70*8 ;  water,  12*0. 

BBOCnnAlB.    A  Gnmberland  miner^s  term  for  a  breccia, 

8B0MA.    A  preparation  of  diocolate. 

■BOmffHOano  ACIB^— Obtained  by  Messrs.  Peridn  and  Buppa.  They  take 
a  mixtare  of  crystallisable  acetic  add  and  bromine  in  the  proportion  of  equal 
equivalents,  introduce  it  into  a  sealed  tube,  irhich  is  placed  in  an  oil  oath  and  heated 
to  150°  0.  The  mixture  whidi  is  nearly  colourless,  or  of  a  light  amber  colour,  is 
transferred  to  a  retort,  and  the  excess  of  acetic  add  driven  off  by  heating  to  200°  0. 
On  cooling,  a  beautiftid  white  crystalline  solid  is  obtained,  which  is  bromacetic  add, 
together  with  hjrdrobromic  add  and  bibromacetic  add.  The  mixed  adds  are  heated  to 
180°  0.,  carbomc  add  passed  until  the  reaction  of  hvdrobromic  add,  with  nitrate  of 
silver,  is  no  longer  evident  Carbonate  of  lead  is  then  added,  the  whole  heated  to 
100°  0.,  and  allowed  to  stand  for  some  hours ;  the  liquid  filtered  off  from  the 
crystalline  depodt 

The  add  thus  obtained  crystallises  in  rhombohedra,  is  exceedingly  deliquescent,  and 
very  soluble  in  water  or  alcohol.  It  fases  below  100°  C,  and  boils  at  208°  0.  When 
distilled  with  acetate  of  potasdum,  it  ^ves  off  acetic  add ;  when  heated  with  metallic 
dno,  it  yields  acetate  and  bromide  of  dno. 

It  attacks  the  epidermis  powerftilly,  raising  a  blister  like  that  produced  bv  a  bum. 
It  forms  crystallisable  salts  with  most  bases,  many  of  which  decompose  ranidly. 

Messrs.  Perkin  and  Duppa  have  formed  the  salts  of  the  alkalis  and  alhiiine  earths. 
The  lead  salt  is  obtained  bv  neutralising  bromacetic  add  with  oxide  of  lead,  and 
recrystallising  in  water,  wadnng  the  eryst^line  predpitate  with  cold  water,  and  re- 
crystallising  from  water. 

The  silver  salt  is  obtained  by  treating  bromacetic  add  with  carbonate  of  silver,  or 
by  adding  sdution  of  bromacetic  add  to  solution  of  nitrate  of  diver.  It  is  thrown 
down  as  a  oryBtalHne  predpitate. 

Bromacetate  of  methyl  is  a  colourless  mobile  liquid,  having  an  aromatic  odour;  it 
boils  at  144°  0.   The  bromacetate  of  ethyl  boils  at  159°  0. ;  that  of  amyl  at  207^  0. 

By  the  action  of  ammonia  on  bromacetic  acid,  brondde  of  ammonium  is  fbnned, 
and  glyoocol,  or  a  body  isomeric  with  it 

BufTomaoeiie  AoicL  Formed  when  bromine  and  acetic  add  are  heated  in  pre- 
sence of  l\ght,  but  it  is  difficult  to  obtain  in  large  quantities.  It  is  a  liquid  boiling  at 
240°  C,  wnidi  is  partially  decomposed  every  time  it  is  distilled,  evolving  hvdro- 
bromic add.  It  does  not  solidify  at  15°  C.  It  has  a  very  high  specific  gravity. 
The  silver  salt  is  a  crystalline  predpitate  which  is,  however,  aeoompMed,  by 
boiling  with  water,  into  bromide  of  silver  and  a  soluble  add. 

^  Compounds  of  Bbokic  Acm  witii  albUis,  alkaline  earths,  and 

xoetals. 

I.    A  combination  of  bromine  with  oxygen,  forming  bromates. 
■a.    See  SiLVXB  Obes. 
Compounds  of  Bbomuhb  with  alkalis  and  metals. 

Vft.  A  salt  much  used  in  photography.  It  is  formed 
by  adding  a  soluble  bromide  to  nitrate  of  silver,  when  a  m^te  piredpitate  is  pcoduoed. 
See  Fhotogbafht. 

Native  brcmide  of  silver. 
(Bronge,  "Er,  and  Oer.)    A  compound  metal  oonsitfting  of  eopper 
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and  tin,  to  whieh  fomotimes  a  little  liiio  and  laad  are  added.  There  u  Mme  eon- 
fiuion  amonnt  Continental  writers  about  tluB  alloy ;  they  tnuiilate  theis  bronae  into 
the  EngUshlraM. 

See,  for  an  example  of  this,  '  DictJonnaire  des  Arts  et  Mannfactnres.'  This  has 
arisen  from  the  carelessness  oi  our  own  writers.  Dr.  Watson,  *  Chemical  Essays/ 
remariu :  'It  has  been  said  that  Queen  Elizabeth  left  more  brats  ordnoMoe  at  her 
death  than  she  found  iron  on  her  accession  to  the  throne.  This  must  not  be  under- 
stood as  if  gun-metal  was  made  in  her  time  of  brass,  for  the  term  brass  was  sometimes 
used  to  denote  copper ;  and  sometimes  a  composition  of  iron,  copper,  and  calamine 
was  called  brass ;  and  we,  at  this  day,  commonly  speak  of  brasB  eann(mf  though  bcasa 
does  not  enter  into  the  composition  lued  for  casting  cannon.' 
Bronze  is  an  alloy  of  copper  and  tin. 
BroMS  is  an  aUoy  of  copper  and  zinc. 

In  many  instances,  we  haye  zinc,  lead,  &o.,  entering  into  the  composition  of  alloys 
of  copper  and  tin.  Howerer  this  may  be»  the  alloy  is  called  a  bronze,  if  tin  and 
copper  are  the  chief  constituents. 

%iis  alloy  is  much  harder  than  copper,  and  was  empkpred  by  the  ancients  to 
make  swocds,  hatchets,  &c.,  before  the  method  of  warkuig  iron  was  generally 
understood.  Host  modem  azthsologists,  following  the  Danish  antiquaries,  recognise 
a  hrotufe  age ;  that  is  to  say,  an  epodi  of  ciyilisation  when  bronze  was  the  onty  metal 
in  general  nse  fbr  cutting  instruments,  and  other  useM  or  ornamental  objects.  This 
period  is  generally  held  to  haye  been  subsequent  to  the  so-called  atone  age  uid  anterior 
to  that  of  trofi.  Some  authorities,  howeyer,  arguing  on  metallurgical  rather  than  on 
archaeological  grounds,  haye  called  this  chronology  in  question,  and  haye  maintained 
that  a  knowle^  of  iron  must  haye  preceded  that  of  bronze.  Be  that  as  it  may,  it  is 
certain  that  the  use  of  bronze  was  general  at  a  yery  q^rly  period  in  the  history  of 
Western  ciyilisation. 

The  art  of  casting  bronze  statues  may  be  traced  to  the  most  remote  antiquity,  but 
it  was  first  brought  to  a  certain  degree  of  refinement  by  Theodoros  and  Koelcns  of 
Samos,  about  700  years  before  the  Christian  era,  to  whom  the  inyention  of 
modelling  is  ascribed  by  Pliny.  The  andente  were  well  aware  that  by  alloying 
copper  with  tin,  a  more  rasible  metal  was  obtained,  that  the  process  of  casting  was 
therefore  rendered  easier,  and  that  the  stetue  was  harder  and  more  durable.  It  was 
during  the  reign  of  Alexander  that  bronze  stetuary  reoeiyed  ito  greatest  extension, 
when  the  celebrated  artist  Lysippus  succeeded,  by  new  processes  of  moulding  and 
melting,  in  multiplying  groups  of  statues  to  such  a  degree  that  Pliny  called  them  the  mob 
of  Alexander,  Soon  afterwards  enormous  bronze  cdossuses  were  made,  to  the  height 
of  towers,  of  wluch  the  isle  of  Bhodes  possessed  no  less  than  one  hundred.  The 
B(nnan  consul  Hutianus  found  8,000  bronze  stetues  at  Athens,  8,000  at  Bhodes,  as 
many  at  Olympia  and  at  Delphi,  although  a  great  number  had  been  preyiously  carried 
ofl^fram  the  last  town. 

Prom  the  analyses  of  Mr.  J.  A.  Phillips,  we  learn  that  most  of  the  ancient  coins 
were  bronzes,  the  quantity  of  tin  relatiyely  to  the  copper  yarying  slightly.  The  pro- 
portions of  eopper  and  tin  in  many  of  those  coins  are  giyen  below,  the  other  ingediehte 
being  omitted : — 

Copper.  TfaL 

A  ocnn  of  Alexander  the  OxMt,  886  ba    .        .    86*72    .        .    18*14 

„       Philippus  V.    .        .  200  B.a    .        .    85*16    .        .    11*10 

„    .   Atiiens 88*41    .        .      9*96 

„       Ptolemy  DC    .       .    70  B.a    .       .    84*21    .       .    J6-69 
„       Pompey  .  .    68  b.o.    .        .    74*11    .  8.66 

„       theAt^fiunily      .    46b.c.    .        .    68*72    .  4*77 

„       AngustuBandAgrippa,80B.&   .        .    78*68    .       .    12*91 

The  arms  and  cutting  instrumente  of  the  anciente  were  composed  of  similar  bronzes, 
as  the  ibUowing  pMportionB,  al/w  selected  ftom  Mr.  J.  A.  PhilUps' aoalyses,  wiU  show : -- 

Tin.  Copper. 

Boman  sword  blade,  found  in  the  Thames         .    86*70    .        .    10*02 

Ireland         .    91*89    .        .      8*88 
Celtic  „  n  Ireland         .    90*28    .        .      7*60 

Layard  brought  firom  Assyria  a  considerable  yariety  of  bronze  articles,  many  of 
them  objecte  of  ornament,  but  many  eyidently  intended  for  use.  Amongst  others  was 
a  brome  foot^  whidi  was  constructed  for  the  purpose  of  support  of  some  kind,  lliis 
was  submitted  tothe  e^^amination  of  Dr.  Percy.  It  was  then  found  that  the  bronze 
had  been  cast  round  a  supp<^  pf  iron.  By  this  means  the  apj^earanoe  <rf  considerable 
lightness  was  attained,  whue  great  strength  was  insured.    Ijus  discoyery  proyes  in  h 
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rm  latiflfiMtoiy  manner,  that  the  metallnrgists  of  Assyria  weie  ijerfectljr  conyenant 
vita  the  use  of  iron,  and  that  thej  employed  it  for  the  purpose  of  imparting  strenfl^ 
to  the  less  tenadons  metals  -winch  they  employed  in  their  art-manufactures.  This 
bronze,  as  analysed  in  the  Metallurgical  laboratory  of  the  Museum  of  Practical 
Geology,  consists  of  copper  88*87,  tin  11'83. 

Examination  has  shovn  that  idl  the  bronze  weapons  of  the  Greeks  and  Bomans  were 
not  only  of  the  true  composition  for  insuring  the  greatest  density  in  the  alloy  itself^ 
but  that  these,  by  a  process  of  hammering^e  cutting  edges,  were  brought  up  to  the 
greatest  degree  <^  hardness  and  tenacity. 

Before  1642,  'brass  ordnance'  (hrciue)  was  founded  by  foreigners.  Stow  says 
that  John  Owen  began  to  found  brass  ordnance,  and  that  he  was  the  first  Englishman 
^o  eyer  made  that  kind  of  artillery  in  Engl^id. 

Bell  founding  followed.  Bell-metal  and  other  broken  metal  were  allowed  to  bo 
exported  hitherto ;  but  it  being  discoyered  that  it  was  applied  to  found  guns  abroad, 
<  brass,  copper,  latten,  bell  metal,  pan  metal,  gun  metal,  and  shroff  metal,  are  pro- 
hibited to  be  exported.' 

Bronze  has  iJmost  always  been  used  for  casting  statues,  bassi-rilieyi,  and  works 
which  are  to  be  exposed  to  atmospheric  influences.  In  forming  such  statues,  the 
alloy  should  be  capable  of  flowing  readily  into  all  the  parts  of  the  mould,  howeyer, 
minute ;  it  should  be  hard,  in  oraer  to  resist  accidental  blows,  be  proof  against  the 
influence  of  the  weather,  and  be  of  su^  a  nature  as  to  acquire  that  greenish  oxidised 
coat  upon  the  surface,  which  is  so  much  admired  in  the  antique  bronzes,  called  paHna 
aiUigua,  The  chemical  composition  of  the  bronze  alloy  is  a  matter  therefore  of  the 
first  moment  The  Brothers  Keller,  celebrated  founders  in  the  time  of  Louis  XlV., 
whose  ch^-tFcBuvre  ar^  well  known,  directed  their  attention  towards  this  pcnnt,  to 
idiich  too  little  importance  i|  attached  at  the  present  day.  The  statue  of  Desaix,  in 
the  Place  Bauphine,  and  the  column  in  the  rlace  Vendftme  are  noted  specimens  of 
most  defectiye  worlmianship  from  mismanagement  of  the  alloys  of  which  they  are 
composed.  On  analysing  separately  specimens  taken  firom  the  bas-relie&  of  the 
pedestal  of  this  column,  from  the  shaft,  and  £com  the  capital,  it  was  found  that  the 
first  contained  only  6  per  cent,  of  tin,  and  94  of  copper,  the  second  much  less,  and 
the  third  only  0*21.  It  was  therefore  obyious  that  the  founder,  unskilful  in  the  melting 
of  bronze,  had  gone  on  progressiyely  refining  his  adloy,  by  the  oxidisement  of  the  tin, 
till  he  had  exhausted  the  copper,  and  that  he  had  tJien  worked  up  the  reftise  scorisB  in 
the  upper  part  of  the  column.  The  cannon  which  the  Goyemment  ftimished  him  for 
casting  the  monument  consisted  of  :— 

Oopper 89*860 

Tin  . 10*040 

Lead 0*102 

Silyer,  zinc,  iron,  and  loss        •       •       •       •       ,  0*498 

100*000 

The  moulding  of  the  several  bas-reliefii  was  so  ill  exeeoted,  that  the  bhiseUrs 
employed  to  lepaa  the  &ults  remoyed  no  less  than  70  tons  of  bronze,  which  was 
giyen  them,  besides  800,000  francs  for  their  work.  The  statues  made  by  the  KeUers 
at  Versailles  were  fi)und,  on  chemical  analysis,  to  consist  of : — 

No.1.  No.  3.  No.  8.  The  mesa. 

Oopper     .        .    91*30  .  .  91*68  .  .  91*22  .  .    91*40 

Tin  .        .        .      1*00  .  .  2*82  .  .  1*78  .  .      1*70 

Zinc         .        .      6*09  .  .  4*98  .  .  6.67  .  .      6*68 

Lead        .              1*61  .  .  1*07  .  .  1*48  .  .      1*87 


100*000  100*000  100*000  100*000 

Tbe  analysis  of  tho  bronze  of  the  statue  of  Louis  XV.  was  as  follows : — 

Oopper  .  82*46    Its  specific  grayity  was  8*482 

Zinc  ....  10*30 

Tin     ...        .  4*10 

Lead  ....  816 

100*00 

The  bronzes  of  Fiance,  according  to  M.  L.  E.  Biyot,  contain  nearly  always  fooz 
metals,  copper,  tin,  lead,  and  one.  They  may  contain  also  yezy  smaU  and  yaxiaUo 
goantities  ii  iron,  nickel«  arsenic,  antimony,  and  sal|diur. 
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Th»  alloys  moat  propsp  ibrbiDiue  to  be  afterwazds  strack  fov  medalB  is  oompoBed 
of  from  8  to  12  parte  of  tin  and  from  88  to  92  of  copper;  to  irhich  if  2  or  3put6  in 
the  handled  of  dno  be  added,  they  will  make  it  assume  a  finer  bronze  tint  The  alloy 
of  the  Kellers  is  fietmons  for  this  effect.  The  metal  should  be  sulgected  to  three  or 
four  successive  stamps  of  the  press,  and  be  softened  between  each  blow  by  being  heated 
and  plunged  into  cold  water. 

The  addition  of  a  small  proportion  of  phosphorus  has  recently  been  recommended 
to  improye  the  quality  of  bronze. 

The  bronze  of  bells,  or  bell-metal,  is  composed,  in  100  parts,  of  copper  78,  tin  22. 
This  alloy  has  a  fine  compact  grain,  is  yeiy  fttsible  and  sonorous.  The  other  metals 
sometimes  added  are  rather  prejudicial,  and  merely  increase  the  profit  of  the  founders. 
Some  of  the  English  bells  comnst  of  80  copper,  10*1  tin,  6*6  linc,  4*8  lead;  the  latter 
metal,  when  in  such  large  quantities,  is  apt  to  cause  isolated  drops,  hurtful  to  the 
uniformity  of  the  alloy. 

The  Tam^toffns  and  Cymbals  of  Bronte,— ThQ  Chinese  make  use  of  bronze  instru- 
ments forged  by  the  hanuner,  which  are  vei^  thin  and  raised  up  in  the  middle ;  they 
are  called  gongs,  from  the  word  Uhounff,  which  signifies  a  bell.  Elaproth  has  shown 
that  they  contain  nothing  but  copper  and  tin,  in  Uie  proportion  of  78  of  the  former 
metal  and  22  of  the  latter,  ^eir  specific  gravity  is  8*815.  This  alloy,  when  newly 
cast,  is  as  brittle  as  glass ;  but  being  plunged  at  a  cheny-red  heat  into  cold  water,  and 
confined  between  two  discs  of  iron  to  keep  it  in  shape,  it  becomes  tough  and  malleable. 
The  cymbals  consist  of  80  parts  copper  and  20  tin. 

Bronze  yessels,  naturally  brittle,  may  be  made  tenacious  by  the  same  ingenious 
process,  for  which  the  world  is  indebted  to  M.  Barcet.  Bronze  mortars  for  pounding 
haye  their  lips  tempered  in  the  same  way. 

Cannon  Metal  oonsiste  of  about  90  or  91  copper,  and  10  or  9  of  tin.  From  the  ex- 
periments of  Papadno  d'Antony,  made  at  Turin,  in  1770,  it  appears  that  the  most 
proper  alloy  for  great  guns  is  from  12  to  14  parte  of  tin  to  100  of  copper;  but  the 
Comte  Lamartilliftre  concluded,  from  his  ezperimente  made  at  Douay,  m  1786,  that 
neyer  less  than  8  nor  more  than  11  of  tin  should  be  employed  m  100  parte  of 
bronze. 

out  Omamenta  of  Bronte,— T\aa  kind  of  bronze  should  be  easy  of  fusion,  and  take 
perfectly  the  impression  of  the  mould.  The  alloy  of  copper  and  zinc  (brass)  is,  when 
rased,  of  a  pasty  consistence,  does  not  make  a  shs^  cast,  is  apt  to  absorb  too  much 
amalgam,  is  liable  to  crack  in  cooling,  and  is  too  tough  or  too  soft  for  the  chaser  or 
turner ;  and  if  the  quantity  of  zinc  was  increased,  to  make  the  metal  harder,  it  would 
lose  the  yellow  colour  suiteble  to  the  ^der.  A  fourfold  combination  of  copper,  zinc, 
tin,  and  lead  is  preferable  for  making  such  ornamental  bronze  articles ;  and  the 
following  proportions  are  probably  the  best,  as  they  unite  doseness  of  grain  with 
the  other  gomi  qualities.  Copper  82,  zinc  18,  tin  8  or  1,  lead  1|  or  8.  In  the 
alloy  which  contains  most  lead,  the  tenacity  is  diminished  and  the  density  is  in- 
creased, which  is  preferable  for  pieces  of  smtJl  dimensions.  Another  alloy,  which  is 
said  to  require  for  ito  ^ding  only  two-thirds  of  the  ordinary  quantity  of  gold,  has  the 
following  composition :  copper  82*247,  zinc  17*481,  tan  0*288,  lead  0*024. 

The  antique  bronze  colour  is  given  to  figures  and  other  objecte  made  from  these 
alleys  by  the  following  process : — ^Two  drachms  of  sal-ammoniac,  and  half  a  drachm 
of  salt  of  sorrel,  (binozalate  of  potash,^  are  to  be  dissolyedin  fourteen  ounce  measures 
(Engilish)  of  colourless  yinegar.  A  hair  pencil  being  dipped  into  this  solution,  and 
preraed  gently  between  the  fingers,  is  to  be  rubbed  equally  oyer  the  clean  sur&oe  of 
the  object  slightly  warmed  in  the  sun  or  at  a  stove ;  and  the  operation  is  to  be  repeated 
tall  the  wished-for  shade  is  obtained. 

The  bronze  founder  ought  to  melt  his  metals  rapidly,  in  order  to  prevent  the  loss 
of  tin,  zinc,  and  lead  by  Uieir  ozidisement.  Keverberatory  ftimaces  nave  been  long 
lued  for  this  operation,  the  best  being  of  an  elliptical  form.  The  fkmaoes  with  dome 
tops  are  employed  by  the  bell  founders,  because,  their  alloy  being  more  Visible,  they 
do  not  require  so  intense  a  heat;  but  they  also  would  find  their  advantage  in  usina 
the  most  rapid  mode  of  faaiom  The  surfeice  of  the  melting  metals  should  be  covered 
with  small  charcoal  or  coke ;  and  when  the  tin  is  added,  it  should  be  dexterously  thrust 
to  the  bottom  of  the  melted  copper.  Immediately  after  stirring  the  melted  mass  so 
as  to  incorporate  ito  ingrediento,  it  should  be  poured  out  into  t£e  moulds.  In  general* 
the  metals  most  easily  altered  by  the  fire,  as  the  tin,  should  be  put  in  last  The 
codling  should  be  as  quickly  as  possible  in  the  moulds,  to  prevent  the  risk  of  the 
metals  s^iarating  from  each  other  in  the  order  of  their  density,  as  they  are  very  apt 
to  do.  The  addition  of  a  little  iron— in  the  form  of  tin  plate---to  bronze,  is  reckoned 
to  be  advantageous. 

One  part  of  tin,  and  two  parte  of  copper  (nearly  one  atom  of  tin  and  four  of 
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copper,  or  more  exeetly  100  parts  of  tin  and  2U  copper),  tarn  tiie  ordmaiy  tpecnlmn 
metel  of  reflecting  teleiBcopes,  which  is  of  all  the  alloys  the  whitest^  the  most  brilliant, 
the  hardest,  and  the  nxwt  brittle,  The  alloy  of  1  part  of  tin  and  10  of  copper  (or 
nearly  one  atom  of  the  former  to  eighteen  of  the  latter^  is  the  strongest  of  the  whole 
series. 

Ornamental  objects  of  bronze,  after  being  cast,  are  commonly  laid  npon  red-hot 
coals  till  they  Uulq  a  dnll  red  heat,  and  are  then  exposed  for  some  time  to  the  air. 
The  smdhce  is  thereby  freed  from  any  greasy  matter,  some  portion  of  the  2dnc  is  dis- 
sipated, and  the  alloy  assumes  more  H  a  coppdry  hue,  which  prepares  for  the  snbse- 
qnent  gilding.  The  black  tin^  which  it  sometimes  gets  from  the  fire  may  be  remoyed 
b^  wauling  it  with  a  weak  aad.  It  may  be  made  yeiy  dean  by  acting  npon  it  with 
mfcrie  add,  of  specific  gravity  1*324,  to  which  a  little  common  salt  and  soot  haye  been 
added,  the  latter  bein^  of  doubtftil  utili^ ;  after  which  it  mnst  be  well  washed  in 
water,  and  dried  with  rags  or  sawdnst. 

For  the  foUowin|;  Table  we  are  indebted  to  Mr.  Bobert  Mallet,  F.B.S.,  whose 
inyestagatioiii  in  this  direction  have  been  most  extensiye,  and  as  accurate  as  they  are 
eztendye: — 


16 


Oq 
10Cn+8n 

90a+Sn 

80a+Sn 

TOu+Bn 

SOa-l-Sa 
6Ca+8n 
40a+8n 
SOn+Sa 
20a+Sn 

Oa-t-fiB 
Oa-t-sea 

Oa+8flb 

Chi-|-4Sn 
Oo+fiBn 


100*00+ 
84*29+  15-71 


pw  Cwt. 


81*6 

1874*9 


9Sm+  IT 
81-10-I*  18*90 
78*97+  21*08 


19848*8 


76*29+  28*71 
72*80+ •27*20  216*9 
68*21+  81*791 
61*69+  88- 
W-75+ 


84*92+  66*06 
81*18+  78*85 


15*17+  84*88  208*8  7*447 

U*82+  86*18  867*2^7*472 
9*68+  90*82 


100*00 


811*7 
280*1 
248*5 


8-760 

8-575 

8*400 

-589 

48-251122*18*416 


185*8 
•81 158*7 


8*667 
8*561 

8*462 

8*459 

8*728 


90*5  8*066 
149^7*887 


17*442 
97*291 


TUeied 
Beddiah  jeh 

low.l 
Beddiah  yd- 

low,  2 
YellowUh 

red,  2 
TeUowlsh 

xed,l 
Bluish  zed,  1 
Blniflhzed,2 
Aahgrej 
Daxkgtej    . 
Oreyidi 

white,! 
Whiter  stm,  2 
Ditto     8 

Ditto      4 

Ditto      5 
Ditto      6 

White,  7       . 


24*6 
161 

16*2 

17*7 

18-6 

9-7 
4*9 
0*7 
0-5 
1*7 

1*4 
8-9 

8-1 

8-1 
2*7 

2*5 


^t 
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OaamMrolal  TWm, 
diaraetertctie 
VnmmUm  te 
worung,  ftOi 


Ck>pper. 

Onn  metal,  6to. 

Ditto. 

Oun  metal,  tem- 
pers best. 
HardmiU 

Brittle.* 

Brittle.* 

Cnnnbles.* 

Orambles.* 

Brittle.* 

)  Small  bella, 
f  brittle.* 
Specnlun 

Metal   of  an- 
thoon. 
Tilea,  tough. 
Files,  soft  and 

tough. 
Tin. 


'  Bnmee,  Pkoapiomed,  By  oareMly  dropping  phosphoms  on  melted  bronse  or 
copper  a  piodiui  ridi  in  phosphoms  is  prodoced.  This  alloy  is  claiming  much 
attention,  and  will  be  ftiUy  treated  of  under  the  head  of  Phosfhob  Bsoinai  asd 
OoFSMB,  which  see.    See  ahio  ALUxmnnc  Bbomeb. 

BroDie  Impoorti  axe  now  induded  under  the  heads  of  Brass,  Bronze  and  Metal, 
Bronsed  ana  Lacquered,  Of  these  artides  the  IbUowing  Im^porU  are  given  in 
1872  w 

Owtk  « 

Prom  Germany 679  Value    7»128 

„     Holland 686      „       4,718 

„     Belgium 803      „       2,817 

„     IVanoe 4,286      ,.      44,102 

H     United  States  of  America         .        .  7>848      „      85,331 

Other  countries 8,778      „      16,179 

Total    ....   17,875  109,774 

In  the  same  year  the  Expartaium  of  the  same  metals  is  g^yen  as — 

To  all  countries       ....     1,018  cwts.  yalned  at  5,6501. 


>  s  slgnifles earthy ;  c  c,  ooaxw  GryrtalUne ;  r  o,  Ifaie crystalline ;  o, oonohcidal;  y,  Tttrooia;  y  o; 
yitreoQs-oonohoidal ;  T  o,  tabular  ocyetaUne. 
*  All  these  allojs  are  tonnd  ocoaaional  ly  in  beUs  aad  specula  with  mirturee  of  Zn  aad  Pb. 
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WJkXMTm  Bronse  paint,  oommonly  called  gold  paint,  is  made  by 
mixing  gold-cdonied  bronze  powder  with  pure  tu^ntine  as  a  vehicle.  The  tur- 
pentine of  commerce  has  at  all  times  an  acid  reaction,  which  is  detrimental  to  the 
colour  of  the  metal  powder.  The  turpentine  used  for  this  purpose  has,  therefbroi  to 
be  mixed  with  lime  to  neutralise  the  add  before  it  is  thus  employed. 

BSOVm  PO'WBBBS  haye  been  much  used  of  late  in  tne  decorative  painting- of 
houses,  &C.  They  are  prepecred  of  every  shade,  from  that  of  bright  gold  to  orange, 
dark  copper,  emerald  green,  &o.  Pale  ^Id  is  produced  from  an  idloy  of  13^  of 
copper  and  2}  of  zinc;  crimson  metalhc  lustre— from  copper:  ditto,  paler,  copper 
and  a  very  little  zinc ;  green  bronze  with  a  proportion  of  verdigris ;  another  fine 
orange  by  14*4  copper  and  If  zinc ;  another  ditto,  13}  copper  and  2*4  zinc:  a  beautiful 
pale  gold  &om  an  alloy  of  the  two  metals  in  atomic  proportions. 

The  alloy  is  lamina^  into  very  fine  leaves  with  careful  annealing,  and  these  are 
levigated  into  impalpable  powders  along  with  a  film  of  fine  oil  to  prevent  Qxidisement, 
and  to  &vour  the  levigation. 

Mr.  Brandeis,  in  his  account  of  his  artiolee  of  manuflEurtnro  furnished  to  the  Kew 
York  Exhibition,  says : — 

'Bronaes,  or,  moro  correotlv,  metallic  powders  resembling  ^o^  dttat,  were  invented 
in  1648,  by  a  monk,  at  Furth,  in  Bavaria,  named  Theophrastus  AUis  Bombergensis. 
He  Uiok.  the  scraps  or  cuttings  of  the  metallic  leaves  then  known  as  '  Butch  leaf/ 
and  ground  them  with  honey.  This  roughly  made  bronze  powder  was  used  for 
ornamenting  paichments,  captal  letters  in  Bibles,  choral  books,  &c' 

At  Furih  bronse  powders  aro  laigely  made  for  Europe,  and  with  little  change  or 
improvement.    Thero  aro  four  sorts  of  Butch  leaf  :— 

Common  leaf,  woit,  and  of  reddish  cast>  composed  of  25  or  80  per  cent  of  zinc  to 
76  or  70  per  cent  of  c(^pper. 

French  /sof  contains  mora  zinc,  is  harder,  less  ductile,  and  has  a  purer  yellow  colour. 

F%ormuf$  ieqf  has  a  larger  proportion  of  zino,  and  is  of  a  greenish  gold  colour ; 
and  lastly, 

WkUe  leqf,  composed  of  tin.  The  moro  zinc  these  alloys  contain,  the  harder,  the 
moro  brittle,  and  moro  difScult  aro  they  to  work  into  perfect  leaves.  The  manner  <^ 
beating  is  similar  to  the  mode  for  producing  gold  leaves. 

The  scraps,  cuttings,  and  fragments  of  these  leaves  aro  the  materials  for  the  German 
bronze  powders.  Eint  brushed  through  a  sieve  and  ground  witii  gum  water  on 
marble  slabs  for  six  hours,  the  gum  crashed  out,  the  powders  sorted,  dried,  and  a 
coating  of  grease  g^ven  to  make  them  appear  moro  brilliant,  (uid  to  protect  them  ftom 
oxidation.  Varieties  of  colour,  such  as  orange,  &c,  aro  produced  by  a  film  of  sub- 
oxide upon  the  snrfiEUse  of  the  particles.  The  price  of  brpuze  powders  depends  upon 
the  demand,  and  the  supply  of  the  waste  material  of  the  metal  leaves,  and  pnces 
change  accordingly. 

Messrs.  Brandeis  patent  their  process,  and  in  place  of  being  dependent  upon 
uncertain  supplies  of  metal  of  unknown  composition,  t^ey  take  the  metals  at  once  in 
a  state  of  punty  (sav  copper  by  voltaic  pvedpitation) :  it  is  alloyed  with  zinc,  cast  into 
ingots,  rolled  into  ribanos,  cot,  annealecC  and  rolled  until  the  metal  is  thin  and  leaf- 
lilto ;  then  it  is  taken  to  a  steam-mill,  and  ground.  The  bronze  powder  is  washed 
out  and  dried,  then  introduced  into  an  air-tight  room,  with  an  arrangement  of  boxes ; 
the  air  of  the  chamber  is  set  in  violent  motion  by  bellows,  and  the  powder  difihsed 
throughout;  the  bronse  powdera  aro  deposited,  the  finest  in  the  upper  boxes,  and 
the  coarser  powders  below.  When  settled,  mineral  varnish  is  introduced ;  tiie  boxes 
fitted  with  tight  lids  aro  made  to  revolve,  and  the  particles  aro  thus  rajndly  coated, 
and  the  highest  metallic  brillian^  imparted.  Biflnrent  shades  of  colour,  pink,  crim- 
son, &0.,  aro  produced  by  submitting  the  powder  to  heat  and  oxidation  beforo  the 
rapid  rovolutions  of  the  varnishing  boxes. 

The  quantity  thus  produced  by  one  firm,  with  three  steam-en^nes  at  work,  enables 
the  finiwed  bronze  powdera  to  be  produced  at  a  rate  about  equal  to  the  price  the 
Gorman  manufEkctnrer  has  to  pay  for  his  materials — ^the  cutting  and  scraps  of  leaves. 
Hence,  for  the  purposes  of  trade  and  art,  a  large  exportation  of  bronze  powdera 
takes  place  from  America  to  Europe,  South  America,  and  China. 

The  bronze  powdera  aro  largely  used  in  japanning,  bronzing  tin  and  iron  goods, 
ornamental  works  of  paper,  wood,  oil-cloth,  leather,  £c. ;  while  sign-boards  and  the 
decoration  of  public  buildings  have  effective  metallic  brilliant  surfaces  of  beauty  and 
durability.    In  fact,  for  ornamental  decorations,  the  demand  steadily  increases. 

In  Holland  and  Gemumy  the  subject  has  been  examined,  with  the  view  of  ascer- 
taining the  effect  of  ehemical  composition. 

Be£teer  E.  B.  Eonif  has  dven  a  Table  of  the  analyses  of  the  best  European 
mapLes  of  bionn  ponrcnrs  and  leaves  (  Volk^kt)  :— 
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Copper 

^hUff 

IzDn 

Tin 

Par  cent. 

Per  cent. 

Percent. 

Percent. 

1.  Light  yellow 

2.  Gold  yellow     ... 

82-38 
84-60 

16-69 
16-30 

016 
0-07 

0 
0 

3.  MesaiQg   yellow,    or   biass    yellow 

colour    ...... 

90- 

9-61 

0-20 

0 

4.  Copper  bromse,  orange  colour    . 

6.  Copper  red,  high  ahade  of  purple  colour 

98*98 

0-78 

0-08 

0 

99-90 

0*00 

trace 

0 

6,  Purple  violet            .... 

7.  Light  green             .... 

98*22 

0-6 

0-30 

trace 

84*32 

16*02 

003 

trace 

8.  Tin  white  or  leaden  gxey  • 

000 

2*39 

0-66 

97-46 

Vanadate  of  copper  has  recently  been  recommended  as  a  new  bronze.  Dr.  B.  W.  Ger- 
land  has  shown  that  a  solution  of  yanadate  of  copper  in  a<}ueous  sulphurous  acid  deposits 
brilliant  ydbw  ciystals,  after  part  of  the  sulphurous  acid  has  been  remoyed  by  boiling. 
Q^hese  crystals  are  quite  uniform  in  appearance,  and  contain  cuprio  oxide,  yanadio  acid, 
and  sulphurous  add.  They  change  rapidly,  under  the  influence  of  air,  their  beautiful 
metallic  lustre  quickly  disappearing,  and  the  yellow  colour  changing  to  a  dark  green. 
If,  howey er,  these  crystals  are  remoyed  from  the  mother-liquor,  and  treated  with  fresh 
sulphurous  add,  although  in  the  first  instance  formed  in  sidphurousadd  solution,  they 
now  decompose,  and  two  fresh  kinds  of  crystals,  the  one  brown  the  other  orange 
yellow,  are  formed.  Continuing  to  add  sulphurous  add,  the  brown  crystals  are  redis- 
solyed,  while  the  orange  yellow  are  left  intact^ 

After  filtration,  washing,  and  drying,  a  residue  is  left  of  microscope  scales  of  a  deep 
orange-yellow  colour,  possessing  a  most  beautiful  lustre.  They  are  free  from  copper 
and  sulphur,  and  axe  perfectly  unalterable  in  the  air. 

The  compodtion  of  this  substance  preyioosly  dried  oyer  yitriol  is,  according  to 
analysis,  as  follows  :— 

Water  (loss  by  heating)  .  •  •  •  .  8*73 
Fentozideof  yanadium  .  j  •  .  .  91*06 
Imparities 0*21 

10*000 
The0e  numbeni  oozrespond  to  the  fonnula  of  metayanadie  add,  which  xequiree — 

Water 8*97 

Pentozide  of  yanadium 91*03 

100-00 

In  some  instances,  Br.  Gerland  obtained  the  same  bronie  or  gold-like  substance 
by  treating  yanadate  of  copper  suspended  in  water  with  sulphurous  add  gas ;  but  in 
many  others  the  dfect  of  the  gas  was  the  formation  of  yanamc  oxide  in  solution. 

Tne  yanadate  of  copper  used  in  these  eneriments  was  prepared  by  predpitation 
from  yanadate  of  ammonia  by  sulphate  of  copper.  The  mother-liquor  contained 
bc^  copper  and  yanadic  add.  After  eyaporation  the  latter  is  found  in  the  reddue  as 
metayanadie  add,  with  the  same  metalUo  appearance  as  that  aboye  described,  and 
can  be  obtained  hj  washing  with  water.  The  crystal,  howeyer,  obtained  in  this 
manner  most  obstinately  retains  copper,  sometimes  to  the  extent  of  12  per  cent. 
Bepeated  treatment  with  sulphurous  add  is  the  best  method  of  purification.  A 
gaipple  of  the  bronze  as  thus  prepared  was  analysed  by  Ptafeesor  Bosooe,  who  found- 
Water         9*12 

Pentozide  of  yanadium 90*88 

100*00 

Samples  of  yanadium  bronze  obtained  by  these  three  diftont  methods  haye  the 
same  compodtion,  the  same  appearance,  and  the  same  chemical  properties.  Vanadium 
bronze  is  essentially  distinguisned  from  the  amorphous  brick-rea  hydrated  yanadic  add 
by  ita  indi£Ebrence  to  reagents.  Sulphurous  add  scarcely  acts  on  it,  neither  does 
ammonia,  and  eyen  a  solution  of  carbonate  of  soda  only  dissolyes  it  after  long- 
continued  boiling.  In  the  air  it  is  perfectiy  permanent.  It  is  probable  that 
this  metayanadio  add  will  become  a  fbyourite  bronze,  and  bo  x^ed  at  eyen  a  higher 
yalue  than  gold  bronze. 

BBOnnrCk  Theprocessfor  giyinff  to  metals,  plaster,  wood,  or  any  other  bo^, 
a  bEooid'liko  foiftoo.  Various  proseases  haye  been  adopted  for  pcodudog  this  eflbet 
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tHien  bnuM  eutiaa  are  to  be  bxonied,  it  is  ecBential,  in  the  fint  place,  that  they 
should  be  tharoajy^y  cleanaed  &om  grease,  and  bzij^tened  either  with  the  file  or 
emery-pMNBT,  or  hy  boiling  in  a  strong  ley  and  then  scorning  with  fine  sand  and 
water,  "^negar  alone  is  sometimes  employed  to  produce  the  green  bronze  colour ; 
sometimes  dilute  nitric  add,  and  often  the  muriate  of  ammonia  {fol-ammoniae).  This 
latter  salt  and  yinegar  are  firaquently  combined,  and  often  a  litue  common  table  salt 
IB  added  to  the  bronzing  fiuid. 

Coins  and  medals  maybe  bronzed  with  the  following  solution: — 2  parts  of  yer- 
digris  and  1  part  of  sal-ammoniac  are  to  be  dissolyed  in  yinegar ;  the  solution  is  to  be 
bcnled,  skimmed,  and  diluted  with  water  till  it  has  only  a  weak  metallic  taste,  and 
upon  further  dilution  lets  fall  no  precipitate.  This  sdution*^  is  made  to  boil  briskly, 
and  is  poured  upon  the  objects  to  be  oronzed.  These  are  well  washed  with  clean 
water,  and  then  lacquered.. 

To  giye  fresh-made  bronze  objects  an  antigue  appearance,  three  quarters  of  an 
ounce  of  sal-ammoniac,  and  a  drachm  and  a  naif  of  binozalate  of  potash  ^salt  of 
sorrel)  are  to  be  dissolyed  in  a  quart  of  yinegar,  and  a  soft  raff  or  brush  moistened 
with  this  solution  is  to  be  rubbed  oyer  the  ckan  bright  metal  tal  its  surfoce  becomes 
entirely  dry  by  the  fHction.  This  process  must  be  repeated  seyeral  times  to  produce 
the  ftill  efract ;  and  the  object  should  be  kept  a  little  warm.  Oopper  acquires  yery 
readily  a  brown  colour  by  rubbing  it  with  a  solution  of  the  common  liyer  of  sulphur, 
or  sulphuret  of  potassium. 

The  Chinese  are  said  to  bronze  their  copper  yessels  by  taking  2  ounces  of  yerdi- 
gris,  2  ounces  of  cinnabar,  6  ounces  of  sal-ammoniac,  and  5  ounces  of  alum,  all  in 
powder,  making  them  into  apaste  with  yinegar,  and  spreading  this  pretty  thick  like  a 
ingment  on  the  surfaces  preyiously  brightened.  The  piece  is  then  to  be  held  a  little 
wMle  oyer  a  fire,  till  it  becomes  unifbrmly  heated.  It  is  next  cooled,  washed,  and 
dried;  after  which  it  is  treated  in  the  same  way  once,  and  again  till  the  wished-for 
coJour  is  obtained.  An  addition  of  sulphate  of  copper  makes  the  colour  incline  more 
to  chestnut  brown,  and  of  borax  more  to  yellow.  It  is  obylous  that  the  cinnabar 
produces  a  thin  coat  of  sulphuret  of  comeop  upon  the  surface  of  the  yeesel,  and  mi^t 
probably  be  used  with  adyantage  by  itseul 

To  giye  the  appearance  of  antique  bronze  to  modem  articles,  we  should  dissolye  1 
part  ot  sal-ammoniac,  8  parts  of  cream  of  tartar,  and  6  parts  of  common  salt  in 
12  parts  of  hot  water,  and  mix  with  the  solution  8  parts  of  a  solution  of  nitrate 
of  copper  of  spedfic  grayity  1*160.  This  compound,  when  applied  repeatedly  in  a 
modraately  damp  place  to  bronze,  giyes  it  in  a  short  time  a  durable  green  coat, 
which  becomes  by  aegrees  yery  beautiful.  More  salt  giyes  it  a  yellowish  tinge,  less 
salt  a  bluish  cast  A  large  addition  of  sal-ammoniac  accelerates  the  operation  of  the 
mordant 

The  best  and  most  rapid  bronzing  liquid,  which  ma^  be  applied  to  oopper,  brass, 
iron,  or  to  new  bronze,  with  equal  adyantage,  is  a  solution  of  the  chloride  of  ^tinum 
(niiriMnuriate  of  platinum),  called  chemical  bronze;  but  it  is  expensiye.  mth  the 
chloride  of  platinum,  almost  an^  colour  can  be  produced,  according  to  the  degree  of 
dilution  and  the  number  of  applications. 

Some  beautiftil  effects  are  produced  upon  bronze,  and  also  upon  iron  castings,  by 
treating  them  with  dilute  adds.  The  action  here  is  scarcely  to  be  described  as 
bronzing ;  it  is,  in  fact,  merely  deyeloping  the  true  colour  of  the  metal  or  alloy. 

With,  the  yiew  of  rendering  the  action  of  the  bronzing  liquid  as  uniform  as  pos- 
sible, small  artides  are  di]^)ed ;  for  larger  artides,  the  bronzing  liquid  is  dabbed 
on  plentifully  with  a  linen  rag.  The  dabbing  process  is  to  preyent  the  occurrence  of 
strike,  which  might  arise  S  the  liquid  were  applied  in  straight  strokes.  When 
properly  bronzed  and  washed,  the  work  is  usually  DladL-leaded,  to  giye  it  a  polished 
appearance. 

Broneing  qf  ObjecU  in  Imitation  qf  MitaUio  Bronse, — ^Plaster  of  Paris,  paper, 
wood,  and  pasteboard,  may  be  made  to  resemble  pretty  doedy  the  appearance  of 
artides  of  real  bronze,  modem  or  antique.  The  simplest  way  of  giying  a  brilliant 
aspect  of  this  kind  is  with  a  yamish  made  of  the  waste  gold-leaf  of  the  beiater,  ground 
up  on  a  porphyry  slab  with  honey  or  gum-water.  A  coat  of  drying  linseed-oil  should 
be  first  applied,  and  then  the  metallic  powder  is  put  on  with  a  linen  doesiL  Mosaic 
gold  groTuid  up  with  six  parts  of  bone-ashes  has  been  used  in  the  same  way.  When 
it  is  to  be  put  on  paper,  it  should  be  ground  up  alone  with  white  of  eggs  or  spirit 
yumish,  applied  with  a  brush,  and  burnished  when  dry.  When  a  plate  of  iron  is 
plunffed  into  a  hot  solution  of  sulphate  of  copper,  it  throws  down  fine  scales  of  copper, 
whi(£  being  repeatecUy  washed  with  water,  and  ground  along  with  six  times  its  weight 
of  bone-ashes,  forms  a  tolerable  bronzing. 

Brovmmg  of  Gun-Barrels  and  other  Amu. — By  this  process  the  surface  of  seyeral 
artides  of  iron  acquire  a  shining  brown  colour.     This  preparation,  which  protects  tha 
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iron  from  rust,  and  also  impnores  its  appearance,  is  diieflj  etooAay^A  Cor  the  banels  of 
foirling-pieoes  and  soldiers'  rifles,  to  conceal  the  fire-arms  nom  the  game  and  the 
enemy.  The  finest  kind  of  browning  is  the  Damascus,  in  which  dark  and  height  lines 
ran  through  the  brown  ground. 

This  operation  consists  in  prodndng  a  yeiy  thin  nniform  film  of  oxide  or  rnst  upon 
the  iron,  and  giTing  a  gloss  to  its  sni£ioe  by  mbbing  was  over  it,  or  coating  it  wiui  a 
shell-lac  Tarnish. 

Several  means  may  be  employed  to  produce  tins  rust  speedily  and  weUL  The  efibct 
may  be  obtained  by  inclosing  the  barrels  in  a  space  filled  with  the  japonr  of  muriatie 
add.  Moistening  their  eur£BM»  with  diluted  miiriadc  or  mtae  acid  will  answer  the  ssme 
purpose.  But  the  most  common  material  used  for  browning  is  the  butter  or  chloride 
of  antimony,  which,  on  account  of  its  being  subservient  to  this  purpose,  has  been 
called  bronrina  $alt.  It  is  mixed  uniformly  with  oliye-oil,  and  robbed  upon  the  iron 
slightlj  heated,  which  is  afterwards  eoqposed  to  the  air,  till  the  wished-for  degree  of 
brownmg  is  produced.  A  little  aquafortis  is  rubbed  on  after  the  antimonT,  to  quicken 
its  operation.  The  brown  barrel  must  be  then  carefully  cleaned,  washed  with  water, 
dried,  and  flnallr  polished,  either  by  the  steel  burnisher,  os  rubbed  with  white  wax, 
or  Tarnished  with  a  solution  of  2  ounces  of  shell-lac  and  8  drachms  of  dragon's  blood, 
in  2  quarto  of  spirits  of  wine. 

The  following  process  may  also  be  recommended :— Make  a  solution  with  half  an 
ounce  of  aquafortis,  half  an  ounce  of  sweet  spirits  of  nitre,  1  ounce  of  spirits  of  wine, 
2  ounces  of  sulphate  of  copper,  and  1  ounce  of  tincture  of  iron,  in  so  much  water  as 
will  fill  togetiier  a  quart  measure.  The  gun-barrel  to  be  browned  must  first  of  all  be 
filed  and  polished  bright,  and  then  rubbed  with  unslaked  Ume  and  water  to  dear 
away  all  the  grease,  fto  two  ends  must  now  be  stopped  with  wooden  rods,  which 
may  serve  as  handles,  and  the  touch-hole  must  be  filled  with  wax.  The  barrel  is 
then  to  be  rubbed  with  the  solfition,  applied  to  linen  rags  or  a  spon^  till  the  whole 
surfttce  be  equally  moistened ;  it  is  allowed  to  stand  24  hours,  and  is  then  scrubbed 
off  with  a  stiff  brush.  The  application  of  the  liquid  and  the  broshing  may  be  re- 
peated twice  or  oftener,  till  the  iron  acquires  a  brown  colour.  After  the  last  broshinA 
the  barrel  must  be  washed  with  plenty  of  boiling  water  containing  a  little  potash, 
then  washed  with  dean  water,  dried,  rubbed  with  polishing  woods,  and  then  coated 
with  shell-lac  Tarnish. 

B»dmPM>    Compounds  of  bromine  with  electzo-pontiTe  elemente. 

BBOHnrB.  (8gftnb^i»;  Aiomo  weighty  so.  Density  in  liquid  stete,  2*97.  Densily 
of  Tapour  by  experiment,  6*89 ;  by  calculation,  6*586,  on  supposition  of  the  density  of 
hydrogen  heuag  0*0692). — ^This  element  existe  in  very  small  quantity  in  sea-water,  and 
to  a  larger  extent  in  certain  mineral  springs,  as  those  of  Ereuznach  and  Eisdngen. 
The  water  of  the  Dead  Sea  is  comparatiTely  rich  in  bromine — a  sample  taken  £rom  a 
depth  of  300  mitres  haTing  yielded  M.  Lartot  0*7  per  cent  of  this  dement.  The 
mother-liquors  of  many  brine  springs,  espedally  those  of  Schonebeck,  near  Magdeburg, 
are  rich  in  bromides.  The  dement  also  occurs  in  camallite  and  some  of  the  other 
salte  worked  at  Stassfhrt,  and  in  two  dWer  ores  found  in  the  mines  of  Mexico  and 
Chile,  and  known  as  b9wm/rite,  or  bromide  of  silTar,  and  emboUie  or  chloro-bromide  of 
silTcr.  Megahromite  and  mkrobromiie  are  names  applied  to  iU-defined  Tarieties  of 
embdita,  according  as  ther  contain  more  or  less  bromine. 

Bromine  was  discoTeredin  1826,  by  Balard,  of  Montpdlier,  in  the  bittern  produced 
from  the  water  of  the  Mediterranean.  Bromine  is  a  vury  interesting  substance,  and 
its  discoTory  has  had  great  influence  on  the  progress  of  theoretical  and  aj^ed 
diemistry.  It  is  the  o^y  element,  saTe  mercoiy,  which  existe  in  the  liquid  stete  at 
ordinary  tamperatores.  The  liquid  presonte  a  deep  brownish-red  colour,  and  emito 
dense  re<Uish  Tapours,  which  are  extremely  irriteting  when  breathed.  Ite  odour  is 
suffidently  characteristic  to  have  given  the  element  ite  name  {fipdyuos^  a  stench). 
Bromine  is  slightly  soluble  in  water,  one  part  requiring  80  parte  c^  water  for  ite  solu- 
tion. The  aqueous  solution  is  of  a  yellowish  tint  when  freishly  made,  but  is  readily 
decomposed  by  exposure  to  light.  It  forms  a  definite  crystalline  hydrate  with  five 
atoms  of  water.  Bromine  is  much  more  soluble  in  alcohol  or  in  ether.  Exposed  to  a 
temperature  of  about  146^  Eahr.  bromine  boils,  and  at  9*5°  it  fireeaee  to  a  red  ciys- 
teUine  solid. 

Frepiratiim  1.  From  bittern.-— Chlorine  gas  is  passed  in  for  some  time ;  this  has 
the  eflbct  of  combining  with  the  metallic  base  of  the  bromide  present,  the  bromine 
bdng,  in  consequence,  liberated.  When  the  bittern  no  longer  increases  in  colour,  the 
operation  is  suspended  or  chloride  of  bromine  would  be  formed,  and  spoil  the  operation. 
The  cdoured  fiuid  is  placed  in  a  large  globe,  with  a  neck  having  a  glass  stopcock 
below  like  a  top  ftinnel,  the  upper  aperture  bdng  closed  with  a  stopper.  Ether  is  then 
added,  the  stopper  replaced,  and  the  whole  well  agitoted.  After  a  short  repose,  the 
ethar  rises  to  ue  surftoe,  retaining  the  boxmiine  in  solution.     The  stopper  being 


Digitized  by  VjOOQIC 


BROUSSONETIA  PAPTBIFERA  S4S 

removed  U>  p«nnit  the  entrance  of  air,  the  stopoook  is  o|)ened,  and  the  aqueous  fluid  is 
permitted  to  ran  oat  As  soon  as  the  highlj-coloared  Cereal  eolation  arriyes  at  the 
apertore  in  the  stopcock,  the  latter  is  shat ;  a  qaantily  of  solution  of  potash  is  then 
poured,  by  the  upper  aperture,  into  the  globe,  and  the  stopper  is  replaced.  The  whole 
IS  now  to  be  agitated,  by  which  means  the  bromine  combines  with  the  potash,  forming 
a  mixture  of  bromate  of  potash  and  bromide  of  potassium.  The  stopcock  is  again 
opened,  and  the  aqueous  fluid  receiyed  into  an  evaporating  Teasel,  boiled  to  drjrness, 
and  ignited.  By  this  means  the  bromate  of  potash  is  all  conrerted  into  bromide  ct 
potassiam.  The  bromine  may  be  proeuxed  from  the  bromide  (tf  potassium  by  distil- 
lation with  peroxide  of  manganese  and  sulphuric  add.  In  this  operation  one  equiya- 
lent  of  bromide,  two  equivalents  of  sulphuric  acid,  and  one  of  peroxide  of  manganese^ 
yield  one  equivalent  of  sulphate  of  manganese,  one  of  sulphate  of  potash,  and  one  of 
bromine;  or,  in  symbols,  £Br+2SO>  +  MnO*n£0,SO'+MnO,SO'  +  Br.  (aKBr-f 
asa*+lKiiO*«X*80«+aKii80«-f  Br*).  The  reaction,  in  fact,  takes  place  in  two 
stages,  but  the  ultimate  result  is  as  represented  in  the  equation. 

Preparation  2. — ^In  some  saline  springs  whero  bromine  is  present,  accompanied  by 
considerable  quantities  of  salts  of  lune,  &c.,  the  brine  maybe  evaporated  to  one-fourth, 
and,  after  repose,  decanted  or  strained  from  the  deposit  The  mother-liquid  is  to 
have  sulphuric  add  added  in  order  to  predmtate  most  of  the  lime.  The  filtered  fluid 
is  then  evaporated  to  djrfuess,  redissolved  m  water,  and  filtered ;  by  this  means  mose 
sulphate  of  lime  is  ^t  nd  of.  The  fluid  is  then  distilled  wiUi  peroxide  of  maogaaese 
and  hydrochloric  aad. 

PreparaHon  8.— Bromine  may  be  obtained  by  Leisler's  method,  patented  in  1866, 
£rom  the  mother-liquors  left  in  tiie  treatment  of  the  salts  called  carnalUte  aad  kainite, 
found  in  the  mines  of  Stassftirt  in  Prusda,  and  Kalucs  in  Hun|;ary.  When  these 
liquors  are  heated  with  bichromate  of  ]potash  and  dilute  hydroehlone  add,  the  bromine 
is  distilled  ofl^  and  may  be  condensed  in  a  receiver  containing  pieces  of  iron  whereby 
a  bromide  of  iron  is  formed.  Stassfbrt  is  now  one  of  the  chief  localities  for  the 
manufMtnre  of  bromine,  and  about  400  cwts.  are  produced  thero  annually. 

Bromine,  like  chlorine,  may  be  employed  as  a  disinfectant  In  ine<ndne  and  in 
photography  it  is  used  in  the  form  of  certain  bromides,  such  as  those  of  potassium, 
ammonium,  and  cadmium.  Bromine  has  also  been  employed  in  the  preparation  of 
some  of  the  aniline  and  anthracene  colours. 

With  hydrogen,  bromine  forms  hydrobromio  aeid;  and  with  many  of  the  metals  it 
forms  well-defiied  bromides.  A  eMoride  of  bromine  is  known,  as  also  a  bromide  of 
niirogen — the  latter  being  an  explosive  compound  resembling  chloride  of  nitrogen. 
The  onlj  well-developed  oxide  of  oromine  is  bromio  tioidt  BrOHO  (KBrO*). 

Solutions  of  bromine  in  water  may  have  their  strength  determined,  even  in  presence 
of  hydrochloric  or  hydrobromic  adds,  bv  means  of  a  solution  of  tarpentine  in  alcohoL 
One  quarter  of  an  equivalent  of  turpentme  (84  parts)  decolorises  80  parts  or  1  equiva- 
lent of  bromine. 


A  silicate  of  magneda  and  protoxide  of  iron,  with  a  metalloid 
bronze-like  lustre  on  the  deavage-planee.  The  spedee  has  been  latdy  made  to  indude 
certain  minerals  formeriv  referred  to  the  epedes  Diallage— such  as  the  well-known 
lustrous  mineral  in  the  Oomish  serpentine.  A  green  variety  of  l»oniite  occurs  witli 
the  diamonds  <^  South  Africa. 

BSOOICp  BTSmSt  or  Chtentoeed^  The  Oonitta  tinetoria,  a  dwarf  shrub  from 
the  flowers  of  which  a  bri^t  yellow  colour  is  obtdned,  which  for  dyeing  green  with 
woad  is  said  to  be  preferred  by  dyers  to  all  other  yellows.    See  Woio. 

BBOOM8.  Swee]^ng  brushes.  These  are  made  of  cocoa-nut  fibre,  of  date-palm 
leaves,  of  broom-corn,  and  in  this  country  of  birch  twigs,  sedge,  the  common  heath, 
and  of  the  broom. 

BROOM  COBMT.  Sorghum  dura.  Oultiyated  in  America  to  make  brooms,  the 
grains  being  used  as  food  for  poultry.  A  dosely  allied  grass,  the  Holous  eacoharatue, 
a  native  of  China,  abounds  in  sugar.  This  grass  is  generally  known  by  the  name 
of  Sorgho.  It  has  been  used  £rom  time  immemorial  by  the  inhabitants  of  China, 
who  extract  sugar  from  it  The  Toulon  Agricultural  Association  recommended  its 
introduction  into  Erance,  to  take  the  place  of  beet-root  They  state  that  it  is  richer 
in  sugar  than  any  known  plant,  except  the  vine.  Beet-root  contains  from  8  to  10 
per  cent  of  sugar ;  the  soir|;ho  from  16  to  20  per  cent,  £rom  which  about  8  per  cent 
of  pure  alcohol  can  be  obtained.  The  refase  is  said  to  be  excellent  food  for  cattle. 
The  plant  grows  rapidly,  and  does  not  require  irrigation. 

BBOBA  OOAXto  An  inferior  coal  lying  in  the  Oolitic  deposits  of  Brora,  in 
Sutherland,  Scotland.    See  Coal. 

BBOVSMnrBTIA.  PAnmiVBBA.  The  Paper  Mulberry.  The  fibrous  bark 
is  used  in  China  and  Japan  for  the  manufacture  of  a  kind  of  paper,  idiile  the  Poly- 
nesiaB  islanden  use  it  in  the  preparation  of  their  Tapa  doth. 
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ABOWW  BBUtias.  A  name  ooeaaOBftUy  giyen  to  the  fimit  of  thd  Rtiim 
/rucHcostu,  or  common  biamble. 

BROWXr  COAZi  is  of  ft  biownish-blfick  colour,  and  presents,  in  some  cases,  the 
texture  of  wood,  when  it  is  called  Liokitb  ;  but,  in  some  yarieties,  all  organic  struc- 
ture has  disappeared,  and  it  is  then  called  Pitch  coal,  from  its  strong  resemblance  to 
true  coal. 

The  beds  of  brown  coal  are  usually  of  small  extent,  and  are  of  later  date  than  the 
true  carboniferous  strata,  belonging  generally  to  the  Tertiair  period. 

Brown  coal  is  worked  in  Saxony  and  in  countries  whero  thero  is  an  absence  of  true 
carboniferous  deposits.  It  bums  with  an  empyreumatic  odour,  and  generally  contains 
more  pyrites  than  ordinary  ooaL 

At  Steieregg,  in  Southern  Styria,  brown  coal  occurs  in  the  form  of  a  bann ;  and 
has  been  opened  out  through  a  distance  of  moro  than  two  miles.  The  coal,  from.  8 
to  16  feet  toick,  is  of  good  quality.  It  contains  9  to  14  per  cent^  of  water,  and  leayes 
&om  5  to  12  per  cent,  of  ash  after  combustion. 

The  following  is  an  analysis  of  a  variety  from  Oregon : — volatile  matter,  49'6 ;  fixed 
carbon,  42-9;  ash,  2*7 ;  water,  4-9 =100*00. 

A  variety  of  brown  coal,  called  the  Paper-coal  of  Bott,  near  Bonn,  and  of  Erpel  on 
the  Ehine,  contains  numerous  romains  of  freshwater  fishes,  Leuciscus  pofynceus; 
and  of  firags,  PoiUBophrygnoa  ffrandipes.  The  ashes  of  this  coal  are  rich  in  infiosorial 
remains. 

For  an  account  of  the  brown  coals  of  this  country,  see  Lianrni  and  Boohbad  Coal. 

The  fDUotring  is  a  summaiy  of  the  state  of  the  brown  ooel-mines  of  Europe  at  the 
dates  given,  which  aro  the  latest  rotnms  obtainable,  upon  whidi  roliance  can  be 
placed: — 

Hakovhb.— <3fovemment  mines  near  Munden,  on  the  Steinberg,  and  near  Wallensen, 
in  the  Wanzerbmche ;  and  private  mines  near  Dransfdld,  produced  in 


1861 
1862 
1868 


Centnen 

Yalne  of  piodnoe 

otlOOlta. 

inTha]enB3«.10i<f. 

99,177 

8,959 

108,814 

7.526 

92,658 

6,188 

Nabsatt  produces  Lignii,  a  bituminous  wood,  preserving  the  ligneous  structore; 
PaeudoUgnitt  in  which  the  woody  stmcturo  is  moro  or  less  obliterated;  MeerhM 
(litoraUy  sea^coal),  a  miry  earthy  coal  resembling  torf ;  Blatterkokl  (literally  Uqf-ooal), 
a  dark-coloured  aggregate  of  decomposed  leaves.  The  total  produce  in  1864  amounted 
to  1,032,000  centners  l^of  50  kilogrammes  of  2*204  avoirdupois  pounds). 

Italy. — Leffe  Gandtno,  in  the  Vol  St&rina,  in  Lombard^,  This  bed  extends  over 
500  hecteres.  The  lignite  produced  is  of  a  kind  resembling  peat.  It  is  sold  at  15 
francs  per  ton.  Cadilwna,  near  SavonOt  in  the  Guff  qf  Genoa,  produces  about  1,000  tons 
annually.  From  Sareanella,  near  Sjpejna,  25,240  to  81,800  tons  of  lignite  aro  ex- 
tracted yearly.  At  Mtnite  BamboU,  between  Groeseto  and  Piombino,  the  production, 
which  may  amount  to  30  tons  daily,  does  not  exceed  10,000  tons  in  the  year,  as 
owing  to  the  unhealthiness  of  the  climate,  the  works  cannot  be  carried  on  moro  than 
seven  or  eight  months.  At  the  Monte  RufoH  or  Podemnotfo  mine,  the  field  of  lignite 
extends  over  2,000,000  squaro  mitres.  At  Monte  3faMt  and  Castd  To^ft*  mines,  in  the 
year  ending  June  30, 1865,  the  amount  of  lignite  produced  was  about  6,000  tons. 

Prussia. — ^The  annual  production  of  brown  coal  from  the  beds  in  the  vicinity  of 
Stettin  does  not  exceed  7|000  tons.  The  total  production  of  brown  ooal  in  Prussia  was 
as  follows : — 

In  Metrical  tonnes  of  SO 
ZoUrereln  oentneis.  Statnte  torn 

1860        .        .        .    3,194,640 


1862 
1864 
1867 
1868 
1869 


3,815,129 

4,649,527 

5,587,719 

5,677,398 

6,005,062 


Brandenburg, — ^According  to  the  best  information,  thero  wero  sent  to  Berlin 
462,298  tonnen  of  Bohemian  and  Saxon  brown  ooaL  Kottbue, — The  quantity  taken 
from  the  pito  Felix  and  Conrad,  at  Borsdorf,  Julius  at  Friedrichshain,  and  f^nx  at 
Klein  Kolzig,  was  about  400,000  tonnen.  SUeeia,  Bredau, — One  pit  in  the  neighbour- 
hood of  Saaran  produced  21,000  tonnen,  of  the  value  of  2,000  thalers.  HaUe. — ^Thero 
wero  produced  in  the  district  of  Meresburg,  from  the  3  government  and  192  private 
works,  the  amount  of  12,255,365  tonnen ;  in  the  government  district  of  Magoebuig, 
7,794,563  tonnen ;  in  the  total  district  of  the  Bergamt  of  Halle,  24,149,214  tonnen. 
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Bkme,  iSum.— There  were  produced  at  the  pit  Nachtigall,  near  Hoxter,  10,873  toimen 
of  brown  ooal,  Talne  881  thalors.  Of  Brown  coal,  or  Lignite,  the  produce  in  the 
Zollverdn  amounted  in  1861  to  4.622,312  tonnen,  of  tho  value  of  16,631,122  francs. 
Proflsia  abne  produced  4,427,442  tonnen,  of  the  valueof  1 1,396,239  finnos.  The  total 
produce  in  the  Fmissian  States  will  be  seen  in  the  following  table  :•— 


Stassfnrt-Schonebeck 
Wei8se"hfel8 
Halle-Eifldoif  . 
Bitterfeld 
Oschersleben     . 
Bruhl-Euskirehen 
Aflchersleben     . 
Fiankfort-on-Oder    . 
Mersebuig-DuirenbuxtD;     . 
Forty-eight  smaller  districts 


1869 

IMl 

Metrical  tonnen. 

746,529 

612,300 

368,455 

334,800 

325,642 

284,300 

247,840 

178,780 

160,856 

176,400 

137,486 

128,950 

122,154 

115,600 

118,117 

89,700 

105,817 

85,480 

1,482,733 

1.193.330 

Total 3,815.129  3,194,640 

This  shows  an  increase  of  620,489  tonnen.  Throughout  the  entire  ZoUverein,  in 
the  year  1868,  the  brown  ooal  produced  at  848  collieries  yielded  109,189,899  ewts., 
yalued  at  5,061,241  thalers. 

AxjsTBiA. — The  production  of  Brown  ooal  in  Austria,  in  Yienaa  oentners  of  123| 
pounds  avoirdupois : — 


1856 

.     16.439,306 

1860        .        •        , 

.    27,780,470 

1856 

.     18,760,269 

1861 

.    32,086,781 

1867 

.     19,923,406 

1862 

.    36,285,347 

1858 

.    23,223,079 

1863  (Statute  Tons) 

.      1,990,861 

1859        .        . 

,    23,702,428 

1864 

.      2,090,852 

Sazoxt. — Here  much  of  the  biown  coal  is  collected  on  or  near  the  surfiMe* 
This  is  much  finer  than  that  fi?om  the  pits,  and  is  made  up  like  peat,  in  the  shape 
of  bricks.  The  bricks  made  at  Margaret  Hut  amounted  in  1862,  to  8,000,000,  equal 
to  15,000  ewts.,  and  in  1868  to  2,250,000,  equal  to  12,000  cwts.  In  U^per  Lusatia, 
and  on  the  left  bank  of  the  Elbe,  in  1868,  Uieie  were  only  two  pits  which  produoed 


Sitiutloii  of  Wortai 

Total  pcodnoe,  indndlng  Biioks 

Nmnber  of  Bricks 

made  from  Bcfnse 

and  Dost  used  for 

Fnel 

1859— Upper  Lusatia    • 

Left  bank  of  Elbe       . 

Total       . 

1860 — ^Upper  Lusatia    , 
Lea  bank  of  Elbe 

Total       .       .        . 

1861^Upper  Lusatia    . 
Left  bank  of  Elbe 

Total       . 

1862— Upper  Lusatia     . 

L^  bank  of  Elbe       . 

Total 

1863    Upper  Lusatia    . 
Left  bank  of  Elbe 

Total       . 

bodi. 
1,975,444 
2,030,413 

cwtiu 
2,963,166 
3.045,619 

2,881.200 
60.994,000 

4,005,857 

6,008,786 

63.876.200 

2,199,660 
2,076,646 

8.299.340 
3,118.319 

1.986,600 
60,706,600 

4,276,106 

6.412.669 

62.692,200 

2,375,446 
2,646,992 

8.668,169 
8,820.488 

1.686,000 
68,966.000 

4,922,488 

7.888.667 

66.690,000 

2,628,607 
2,701,269 

8.942.910 
4,051,904 

4.918.200 
68.788.900 

5,829,876 

7.994.814 

68.707,100 

2,815,869 
3,026,615 

3,909,080 
4,668,237 

4,681,000 
67,841.000 

5,842,484 

8.572,317 

61.922,000 

Vol.  L 
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more  than  400,000  bushels ;  3  pits  &om  200,000  to  400,000  bushels ;  4  pits  from 
100,000  to  200,000  bushels ;  19  pits  from  50,000  to  100,000  bushelB ;  86  pits  from 
20,000  to  50,000  bushels ;  62  pits  from  5,000  to  20,000  bushels ;  and  82  pts  less  than 
5,000.  Besides  these,  there  were — 1  pit  belonging  to  the  Crown,  producing  424,712 
bushels ;  4  ^its  belonging  to  shareholders,  producing  788,989  bushels ;  and  159  piiyate 
pits,  producing  4,681,633  bushels. 

The  Brown  coal  of  Saxony  was  returned  as  follows  in  the  years  given : — 

1859 300,439  tons 

1860         . 320,632    „ 

1861 369,182    „ 

1862 399,740    „ 

1863 428,615    „ 

Bavaria  produced  in  1861     46,700  tons,  fiom  56  Brown  coal  works. 
1862     46,739  „         49 

Bohemia. — In  the  year  1864,  there  were  306,345  tonnen  of  Bohemian  brown  coal 
brought  into  the  Berlin  market. 

SwrrzKBLAin). — ^The  coal-mines  of  Semsales,  Bogens,  and  St  Martin,  produce  a 
lignite-coal  of  first-rate  quaUtjr.  From  31,300  to  37i560  quintals,  or  from  2,817  to 
3,130  tons,  aro  extracted  yearly. 

Gbsboh. — ^The  mines  at  Koumi  produce  a  kind  of  coal  known  as  lignite.  Accord- 
ing to  the  accounts  f^imished,  5,000  drachmas  per  annum  is  the  mftarimum  which  has 
been  obtained  from  these  mines  since  1849,  when  the  receipts  amounted  to  10,400 
drachmas,  and  in  1847  to  12,000  drachmas. 

BROWXr  BVa.  Unm  this  subject  some  general  views  are  given  in  the  aitido 
Dtedto,  ezplanatoxy  of  tne  naturo  of  this  odour.  The  dye  presents  a  vast  variety 
of  tints— from  jellow  and  red  to  black-brown— and  is  produced  either  by  mixtores 
of  red,  yellow,  and  blue  with  each  other,  or  of  yellow  or  red  with  black,  or  by 
substantive  colours,  such  as  catechu  or  oxide  of  manganese  alone.  We  shall  hero 
notice  only  the  principal  shades,  leaving  their  modifications  to  the  caprice  or  skill  d  tiie 
dyer. 

Brown,  from  mixtoro  of  other  colours. 

Wool  and  woollen  cloths  must  be  boiled  with  ^th  their  weight  of  alum  and  sulpho- 
tAitiate  of  iron,  alterwuds  washed,  and  rinsed  through  the  madder  bath,  which  ^es 
the  portion  of  the  stuff  imbued  with  the  alum  red,  and  that  with  the  salt  of  iron 
black,  the  tint  depending  upon  the  proportion  of  each  and  the  duration  of  the  madder 
bath. 

A  similar  brown  is  poduoed  by  boiling  eveiy  pound  of  the  stuff  with  two  ounces  of 
alum  and  one  ounce  of  conmion  salt,  and  then  dyeing  it  in  a  bath  of  logwood  contain- 
ing either  eulphotaztnite,  acetate,  or  sulphate  of  iron ;  or  the  stuff  may  be  boiled  with 
alum  and  tartar,  dyed  up  in  a  madder  bath,  and  then  run  through  a  black  bath  of  iron 
mordant  and  galls  or  sumach.  E[ero  the  black  tint  is  added  to  the  red  till  the  proper 
hue  be  hit  The  brown  may  be  produced  also  by  adding  some  iron  liquor  to  the 
madder  bath*  after  the  stuff  has  been  dyed  up  in  it  with  alum  and  tartar.  A  better 
brown  of  this  kind  is  obtained  by  boiling  every  pound  of  wool  with  two  ounces  of 
alum,  dyeing  it  up  in  cochineal,  then  changing  the  crimson  thus  given  into  brown,  by 
turning  the  stuff  through  the  bath  after  acetate  of  iron  has  been  added  to  it 

Instead  of  cochineal,  archil  or  cudbear,  with  a  little  ^palls  or  sumach,  may  be  added. 

A  superior  brown  is  produced  upon  cotton  goods  which  have  undergone  the  oiling 
process  of  the  Turkey-red  dye.  Such  goods  must  be  galled,  mordanted  with  alum, 
sulphate  of  iron,  and  acetate  of  lead  (equal  to  |rd8  of  the  alum) ;  after  washing  and 
drying,  dyed  in  a  madder  bath,  and  cleared  with  a  soap  boiL  The  tint  of  bzown 
varies  with  the  proportion  of  alum  and  sulphate  of  iron. 

Brown  may  be  produced  by  direct  dyea. 

The  decoction  of  oak-bari:  dyes  wool  a  &st  brown  colour,  of  difl^cent  shades 
according  to  the  concentration  of  the  bath.    Alum  improves  the  oobur. 

The  bastard  maxjorum  (Oriffanum  vulffarti)  dyes  cotton  and  linen  a  leddish-browB 
with  acetate  of  alumina,  and  wool  of  a  ds^k  brown. 

The  bark  of  the  mangrove-tree  (BhUophora  mangle)  g^ves  a  red-brown  oolour  to 
wool  when  boiled  with  alum  and  tartar,  imd  a  fast  chocolate  colour  when  sulphate  of 
iron  is  added. 

The  pods  of  the  East  Indian  Mimosa  cineraria  and  the  AMcan  3iknosa  nUotka^ 
called  the  habUUt  give  cotton  a  brown,  with  acetate  or  sulphate  of  oopnper. 

The  root  of  the  water  lily  {Nyn^haa  aU>a^  gives  to  cotton  and  wool  beantiM 
shades  of  brown.  A  mordant  of  sulphate  of  iron  and  zinc  is  first  g^ven,  and  then 
the  wool  is  turned  through  the  decoction  of  the  root  till  the  wished-for  shade  it 
obtained.  The  cotton  must  be  mordanted  with  a  mixture  of  the  acetates  of  iron  and  cine. 
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Walnat  {Juglans  regia)  peelingB,  when  ripe,  contain  a  dark  brown  dje6tn£^  which 
oommunicates  a  permanent  colonr  to  wool.  The  older  the  infoBion  or  decoction  of 
the  peel,  the  better  dye  does  it  make.  The  stuff  is  dyed  in  the  lukewarm  bath,  and 
needs  no  mordant,  though  it  becomes  brighter  with  alum ;  or  this  (^e  may  be  com- 
bined with  the  madder  or  fustic  bath,  to  give  Tarieties  of  shapLe.  For  dyeing  silk, 
this  bath  should  be  hardly  lukewarm,  for  fear  of  causing  inequality  of  colour. 

The  peelings  of  horse-aiestauts  may  be  used  for  the  same  purpose :  with  muriate 
of  tin  they  g^ye  a  bronse  colour,  and  with  acetate  of  lead,  a  reddish  brown. 

Gatechu^^yes  cotton  a  permanent  brown  dye,  as  also  a  bronze  and  mordor^,  when 
its  solution  in  hot  water  is  combined  with  acetate  or  sulphate  of  copper,  or  when  the 
stuff  is  previously  mordanted  with  the  acetates  of  copper  and  alumina  mixed,  some- 
thnes  with  a  little  iron  liquor,  rinsed,  dried,  and  dyed  up,  the  bath  being  at  a  boiling 
heat. 

Ferrocyanide  of  copper  giyefl  a  yeUow-brown  or  a  bronse  to  cotton  and  silk. 

The  brown  colour  called  earmeMto  by  the  French  is  produced  by  1  lb.  of  catechu  to 
4  0Z8.  of  Tordigris,  with  6  ocs.  of  muriate  of  ammonia.  The  bronze  (aolUaire)  is  given 
by  passing  the  stuff  through  a  solution  of  muriate  or  sulphate  of  manganese,  with  a 
little  tartaric  add,  drying,  passing,  through  a  potash-ley  at  4^  Baum^  brightening  and 
fixing  with  solution  of  cUoride  of  lime. 

These  examples  show  in  how  many  ways  the  browning  of  dyes  may  be  modified, 
upon  what  principleB  they  are  founded,  and  how  we  have  it  in  our  power  to  turn  the 
shade  more  or  less  towaros  red,  blade,  yellow,  blue,  &c 

Under  the  heads  of  different  substances  employed  by  the  dyerswiU  be  found  some 
description  of  the  methods  einployed  for  the  purpose  of  extracting  their  colours.  For 
some  good  pradacal  receipts,  £ove's  *  Art  of  Cleaning,  Dyeing,  Scouring,  and  Finish- 
ing,' may  be  eongulted. 

BBO'WW  BJBIKATITB.    See  Ibok  Obbs. 

BSOWW  nfcOW  OMM,  or  JAmonite,    Sea  Ibon  Obes. 

B3R01W  OOHSa.    The  soft  and  decomposed  varieties  of  brown  iron  ore. 

BBO'Vrw  UUQMMm  Strictly,  the  common  dark  Muscovado  sugar ;  ordinarily,  the 
common  varieties  of  West  Indian  sugar.    See  Svqab. 

B3ROWn.    A  metallurgical  tggm  for  a  variety  of  slag, 

BBVOZW&i  (C^'H^NH)"  [C*"ll*ll«0*] ;  syn.  Canimarine,  Vomicine.)  A  veiy 
bitter  and  poisonous  alkaloid  accompanying  stryi^mine  in  nux  vomica  and  in  the  felse 
angnstnra  bark  (Bruda  antidpsenterica).  It  is  somewhat  less  p(»sonous  than  strych- 
nine, and,  like  that  base,  is  used  in  the  treatment  of  paralysis,  but  in  rather  larger 
doses.    Bmcine  is  prepared  by  the  same  process  as  stiychnine.— -0.  G.  W. 

BBVOITB.  jfaiive  hydrate  oj  moffnesia.^'So  called  after  Br.  Bruce,  of  New 
Yock.  This  mineral  accompanies  other  magnesia  minezals  in  serpentine.  It  is 
broad  foliated,  folia  several  inches  square  being  easily  obtainable,  and  either  opaque, 
silvery  white^  or  translucent.  Thomson  gives  its  oompositdon :  magnesia,  66*67 ; 
protoxide  of  manganese,  1*67;  protoxide  of  iron,  1*18;  lime,  0*19;  water, 
80-89  « 100.  

BBUJIBWACX  munnr.  An  oxychloride  of  copper,  used  as  a  pigment.  Copper 
fllingB  or  turnings  are  moistened  with  a  solution  of  sal-ammoniac,  and  left  in  contact 
with  the  air.  The  oxychloride  thus  forms:  it  is  washed  dSynih  water,  and  .dried  at 
a  gentle  heat. 

MKUBMMBm  (Brosses,  Fr. ;  Buraten,  Qet,)  Since  Mr.  Mason  introduced  his 
mode  of  securing  tiie  hairs  in  brushes,  it  has,  in  aU  the  better  class  ci  brushes,  been 
very  generalljr  adopted.     His  patent  dates  1880.  ogo 

Modified  contrivances,  partaking  more  or  less  of  the  ^ 

oiiginal  conditions,  have  been  introduced  in  the 
manu&cture.  The  principles  of  Mr.  Mason's  in- 
vention audits  subsequent  modifications  consist  in 
a  firmer  mode  of  fixing  the  knots,  or  small  bundles, 
of  hair  into  the  stock  or  the  handle  of  the  brush. 
This  is  done  by  forming  grooves  in  the  stocks  of  the 
brushes  for  the  purpose  of  receiving  the  en^  of 
the  knots  of  hair,  instead  of  the  holes  drilled  into 
the  wood,  as  in  brushes  of  the  common  construc- 
tions. These  grooves  are  to  be  formed  like  a 
dovetail,  or  wider  at  the  bottom  than  the  top ;  and 
when  the  ends  of  the  knots  of  hair  have  been  di^^^ 
into  cement,  they  are  to  be  placed  in  the  grooves 
and  compressed  into  an  oval  form,  bv  which  the 
ends  of  the  hair  will  be  pressed  outwards,  into  the  recess  or  wider  part  of  the  dovetailed 
groove ;  or  the  grooves  may  be  formed  with  threads  or  teeth  on  the  sides,  instead  of 
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being  doretailed ;  and  the  cement  and  hairs,  being  preesed  into  the  teeth  or  threads, 
will  canse  them  to  adhere  firmly  to  the  stock  or  handle  of  the  brash. 

A  metal  ferrule  maj  be  placed  on  the  outside  of  the  stock  of  the  brush,  if  necessary, 
and  secured  by  pns  or  rivets,  or  in  any  other  conyenient  manner,  which  feirole  may 
also  form  one  side  of  the  outer  grove. 

Fig,  264  is  a  plan  view  of  the  stock  of  the  round  brush ;  fig,  263  is  a  section  of  the 
same;  aa  are  the  dovetailed  grooves  whidi  are  turned  outof  the  wood ;  6  is  the  metal 
ferrule ;  ec  are  knots,  or  small  bundles  of  hair,  to  form  the  brush.  After  a  number  of 
the  knots  of  hair  are  prepared,  the  ends  arc  to  be  dipped  into  proper  cement,  and  then 
placed  into  the  grooves,  when  their  ends  are  to  be  squeezed  by  a  pair  of  pliers,  or 
other  means,  which  will  compress  them  into  the  oval  shape,  as  shown  in  fig,  264, 
and  cause  the  ends  of  the  hairs  to  extend  outward  under  the  dovetailed  part  of  the 
recess. 

The  knots  of  hair  are  to  be  successively  placed  in  the  grooves,  and  forced  up  by 
a  tool  against  the  last  knot  rutin,  and  so  on,  until  the  grooves  are  filled ;  fig,  262  is 
a  brush  with  teeth  or  threads  of  a  screw  formed  upon  the  sides  of  the  groove ;  into 
these  teeth  or  threads  the  cement  and  hairs  will  be  forced  by  the  compression,  by 
which  means  they  will  be  held  firmly  in  the  stock  of  the  brush. 

BBVSBZra.  A  hydrated  phosphate  of  lime  occurring  in  the  guano  of  Aves 
Island  and  Scnnbrero  in  the  Caribbean  Sea,  and  named  after  Ftofessor  Brash,  of  Yale 
Ck>Uege,U.8. 

WBJtWSL  OBS  or  BXUiOK  BBVSB.  An  iron  ore  fbund  in  the  Forest  of 
Dean. 

MB!UVK  VTBBBXJi.  In  light  machinery,  wheels  are  sometimes  made  to  turn  each 
other  by  means  of  bristles  fixed  in  their  cireiunferenoe ;  these  are  called  brush  wheels. 
ThB  term  is  sometimes  applied  to  wheels  which  move  by  their  £nction  only. 

BBIXB,  or  BBOfTii  ^  mifitft^  ^erin.  The  loose  matter  found  in  a  lode  near  the 
sur&oe  <xf  the  euth ;  probaibly  a  corruption  of  Bbdhbtl. 

BVOKUa.  A  turning  term.  Bruising  of  the  ore.  A  bucking  iron  is  a  fiat  iron 
fixed  on  a  handle,  with  wmch  the  ore  is  crushed;  and  a  bucking  fiate  is  an  iron  plate 
on  which  the  ore  is  placed  to  be  crushed. 

BVOXnrCh  or  nov^MXMUm  A  process  of  boiling  goods  in  alkaline  liquids  for 
bleaching.    See  Biaachino. 

BVOBBAX.    A  linen  cloth  of  much  strength,  made  very  staff  with  sise. 

BIfUJLTBOBW.  (Bhammu  oaikarticus,)  This  plant  is  a  native  of  "Rngl^^iw^ ;  it 
grows  to  the  height  of  fix>m  15  to  20  feet;  ito  fiowers  are  greenish  coloured  and  ite 
berries  fourrseeded.  It  is  the  frnit  of  this  plant  which  is  sold  under  the  name  of 
French  berries.  The  juice  of  these,  when  in  an  unripe  steto,  has  the  colour  of  saffiron ; 
when  ripe  and  mixed  with  alum,  it  forms  the  sap  green  of  the  painters ;  and  in  a 
very  ripe  state,  the  berries  affinrd  a  purple  colour.  The  bark  also  yields  a  fine  ydlow 
dye.    See  Sap  Gbebk. 

The  alder  buckthorn  (Rhamntu  frangula)  grows  naturally,  and  is  very  abundant  in 
woods  and  thicketo  in  some  parte  of  Britain.  The  barrios  of  this  species  are  often 
substituted  for  those  of  the  above ;  but  they  are  easily  detected,  since  they  contain 
only  two  seeds.  In  a  green  stote,  they  dye  wool  green  and  yellow ;  ^en  ripe,  bluish 
grey,  blue,  and  green.  The  bark  also  dyes  yellow,  and,  with  preparation  of  iron, 
black. — Lamtcn, 

Bock  buckthorn  (ffAamwttf  saxaiUii),  the  berries  of  which  are  used  to  dye  morocco 
leather  yellow.  Iliese,  in  common  with  the  narrow-leaved  buckthorn  berries  {S, 
Clum)  and  those  of  the  vellow-beiried  buckthorn  (B,  infeetorpuB),  are  sold  as  Avignon 
berries.  The  wood  of  the  Bhamnm  erythroxyhn  (which  is  a  native  of  Siberia,  but 
ffrows  freely  in  this  climate),  in  a  ground  stete,  yields  the  bright  red  colour  known  to 
dyers  under  the  name  of  red  wood, 

BlfUJLWBBA.T.  {BU  Sarramn,  Fr. ;  Buchweueen,  Qes,)  The  common  budc- 
wheat  (Fot^gonum  Fagopifrum,  fix>m  polvt  many,  and  gonut  a  kneei  in  reference  to  ite 
numerous  jointo)  is  cultivated  for  feemng  pheasante  and  other  game ;  and  is  now 
being  largely  used  in  France  and  in  this  country  in  distilleries. 

*  In  France,  besides  being  used  for.  feeding  fowls,  pigs,  &c,  it  is  given  to  horses ; 
and  it  is  said  that  a  bushel  of  ite  grains  goes  ftirther  than  two  bushels  of  oats, 
and,  if  mixed  with  four  times  ite  bulOk  of  bran,  will  be  full  feeding  for  any  horse 
for  a  week.  Ite  haulm,  or  straw,  is  said  to  be  more  nourishing  than  that  of 
dovor,  and  ite  beautiful  pink  or  reddish  blossoms  form  a  rich  repast  for  bees.' — 
Lam$on, 

It  has  been  steted  that  the  leaves  of  the  common  buckwheat  {Polygonum  Fagopy* 
rtfni),  yield,  by  fsrmentetion.  Indigo-blue.  On  examining  this  plant,  for  the  purpose 
of  ascertaining  whether  this  stetement  was  correct,  Schunck  was  unable  to  obtain  a 
izytce  6f  that  colouring  matter  \  but  he  discovered  that  the  plant  contains  a  oonsidexablo 
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qnantity  of  a  yellow  oolonrinp;  matter,  which  may  yexr  easily  be  obtained  hem  it 
This  coloiuiiiff  matter  crystalliees  is  email  primroee-yeUow  needles.  It  is  veiy  litde 
Boluble  in  cold  water,  but  soluble  in  boiling  water,  and  still  more  soluble  in  alcohd. 
Muriatic  and  sulphuric  acid  change  its  colour  to  a  deep  oiange,  the  colour  disappearing 
on  the  addition  of  a  large  quantity  of  water.  It  dissolves  eadl^  in  caustic  alkalis, 
forming  solutions  of  a  beautiftil  deep  yellow  colour,  from  which  it  is  again  deposited 
in  crystalline  needles  on  adding  an  excess  of  add.  It  is,  however,  decomposed  when 
its  solution  in  alkali  is  exposed  for  some  time  to  the  air,  being  thereby  converted  into 
a  yellowish-brown  amorphous  substance,  resembling  gnm.  Its  compound  with  oxide 
of  lead  has  a  bright  yellow  colour,  similar  to  that  of  /shromate  of  lead.  The  com- 
pounds with  the  oxides  of  tin  are  of  a  pale  but  bright  yellow  colour.  On  adding 
protosulphate  of  iron  to  the  watery  solution,  the  latter  becomes  greenish,  and,  on 
exposure  to  the  air,  acquires  a  dark  green  colour,  and  appears  almost  opaque.  The 
\vatery  solution  imparts  to  printed  calico,  colours,  some  of  which  exhibit  considerable 
liveliness.  Silk  and  wool  do  not,  however,  acc^uire  any  colour  when  immersed  in  the 
boiling  watery  solution,  imless  they  have  previously  been  prepared  with  some  mordant. 
The  composition  of  this  substance  in  100  parts  is  as  follows : — carbon  50*00,  hydro- 
gen 6"65,  oxygen  44*46.  Its  formula  is  probably  C'BP'O^*  [0>*K**0*®1.  It  appears 
to  be  identical  with  RiUinef  the  yellow  colouring  matter  contained  in  the  jRuta 
gravioUnSt  or  common  rue,  and  in  capers ;  and  wiSi  lUxanihim,  a  substance  derived 
from  the  leaves  of  the  common  holly.  Enun  1,000  parts  of  fireeh  buckwheat  leaves,  a 
little  more  than  one  part  of  the  colouring  matter  mav  be  obtained.  As  the  seed  of 
the  plant  is  the  only  part  at  present  employed,  it  might  be  of  advantage  to  collect 
and  dry  the  leaves^  to  be  used  as  a  dyeing  materiaL — K  S. 

The  Tartarian  Buckwheat  (Polwonum  Tariarium)  differs  from  the  former  in  having 
the  edges  of  its  seeds  twisted.  It  is  not  considerod  so  productive,  but  it  is  more 
hardy ;  and  better  adapted  for  growing  in  mountainous  situations. 

The  Dyer'a  BuckwMtt,  (Po^anum  tinctorium.)  This  plant  was  introduced  to  the 
Boyal  Gardens  at  Kew  by  Mr.  John  Blake,  in  1770.  Authentic  information  as  to 
its  properties  as  a  dye-yicdding  plant  was  only  received  at  a  comparatively  recent 
period,  from  missionaries  resident  in  China,  where  it  has  always  been  ciUtivated 
for  its  colouring  matter.  In  Europe,  attention  was  first  directed  to  its  growth  by 
M.  Delille,  of  t£e  Jaidin  du  Boi  at  Montpellier,  who  in  1885  obtained  seeds  from  the 
Baron  Fischer,  Director  of  tho  Imperial  Qardens  at  St  Fetersbuxg.  It  has  since  that 
time  become  sufficiently  valuable  to  render  its  cultivation  as  a  (hre-dmg  of  sufficient 
importance.  The  Japanese  aro  said  to  extract  blue  dves  from  folpgamum  Ckinentie, 
P.  oarbatwn,  and  the  common  roadside  weed,  P.  amctuare. — Lawwiu 

BVBD&B*    See  Dbbssino  Obbs. 

BUADXiZVO.  A  minma  term.  The  process  of  separating  the  metalliferous  ores 
from  the  earthy  matters  with  which  they  are  associated,  by  means  of  an  inclined 
hutch,  called  a  huddle^  over  which  water  flows.  It  is  indeed  but  an  azrangement  for 
availing  ourselves  of  the  action  of  flowing  water  to  separate  the  lighter  from  the 
heavier  particles  of  matter.    See  Dbbssino  Obbs. 

BUAB  JflZCmr.  A  highly  illuminating  flame  invented  bv  Sir  Goldsworthy 
Qum^,  of  Bude,  in  Cornwall.  Oxygen  gas  is  driven  through  the  centre  of  an 
argand  flame  of  ordinary  coal-gas,  by  which  an  intense  combustion  is  established, 
and  hence  the  high  illuminating  power  is  obtained. 

WJWT IMATBMBU  A  leather  prepared  with  some  albuminons  substance  and 
oil.    See  Lbathbb. 

Bim  8TIOXS.  Pieces  of  wood  upon  which  buff  leather  is  fiistened ;  they  are 
used  for  poUshing. 

BVCHUL    A  kind  of  bead  used  for  ornamenting  dresses. 

BVH&.  Buhl-work  consists  of  inlaid  veneers ;  and  differs  from  marquetry  in  being 
confined  to  decorative  scrollwork,  frequently  in  metal,  while  the  latter  is  more  com- 
monly used  for  the  ropresentation  of  fiowers  and  foliage.  Boule,  or  Buhl,  was  a 
celebrated  cabinet-maker  in  France,  who  was  bom  in  1642  and  died  in  1782.  He 
was  appointed  *  Tapissier  en  titre  du  Roi,'  and  he  gave  his  name  to  this  peculiar 
process  of  enlaying  wood  with  either  wood  or  metal.     See  Marqxtetbt,  Pabqttbtrt. 

BinEB-STOVB  is  a  cellular  flinty  quartz  rock,  constituting  one  of  the  jaspeiy 
varieties  of  the  quartz  family.  It  forms  a  celebrated  grit-stone,  much  used  in  France 
and  other  parts  of  the  Continent  for  grist  mills.  Those  of  La  Fert6-sous-Jouarro 
(Seine-et-Mame)  are  regarded  as  superior  to  all  othera.  In  consequence  of  the 
necessity  for  carefully  piecing  these  stones  together,  they  are  naturally  expensive; 
yet  Uie  demand  for  buhr-stones  continues  great     Written  also  Bubb  and  Bitbbe. 

mVMM  or  BVOX  MVSXiZV.    A  clear  muslin  woven  for  tambour  woridng,  an^ 
used  principally  for  ladies'  dresses.    It  is  often  called  *  book '  muslin. 
A  name  given  to  an  iron  slag.    See  Ibok. 
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muiXT  VBBlk  A  species  of  Mimusops  (mtmus,  a  mimie,  &^,  appearance)  which 
furrows  in  Demerara  and  Berbice,  where  it  is  used  for  house  firames  and  other  purposes 
in  building,  also  for  the  spokes  of  wheeLi.  It  maj  be  obtained  nearly  80  feet  long, 
and  squares  about  25  inches. 

BUXairSS,  or  TaU  CXub.  (Scirpus  laoustris;  Celtic,  cirs,  rushes.)  The  bul- 
rush, belonging  to  the  natural  order  of  C^/peracea,  grows  naturally  on  alluyial  soils 
which  are  occasionally  coTered  with  fresh  water.  A  species  of  l^/pha  (Natural  Order, 
Typhacea),  is  ^o  known  commonly  as  bulrush.  It  is  much  used  by  coopers  for 
putting  between  the  staves  of  barrels,  and  by  chair-makers.  Many  other  plants 
belonging  to  this  order  are  employed  for  economical  purptaes,  such  as  forming  seats, 
ropes,  mats,  and  fancy  basket-work,  also  for  thatching  houses. 

JiUJICU.  A  mitir^s  term  for  an  isolated  mass  of  ore.  A  lode  is  said  to  be  hmehy 
when  the  metalliferous  ore  is  found  in  irregular  and  sparsely  distributed  masses,  the 
other  portions  being  made  up  of  Talueless  earthy  minerals. 

smrCBT.     In  fmnmg,    A  lode  in  which  the  ore  occurs  in  isolated  masses 
scattered  through  it 
smrCk    A  large  cork  for  casks.    The  name  in  Persia  for  hemp,  the  CkmnabU  saHva, 
SUmr.    In  mming,    A  pipe  of  ore  or  a  mass— not  a  yein  or  lode. 
■UirmrO.    An  open-made  worsted  stofi^  used  for  making  flags. 
MUMTMJJWTWCBMBXb    (Ger.  Variegated  copper  ore).    This  term  is  commonly 
applied,  even  by  English  mineralogists,  to  an  ore  of  copper,  otherwise  known  as 
Erube9cite,  PkUlipsitef  JBamite,  and  liirpU  Copper  Ore.    By  our  Oomish  miners  it  is 
generally  known  as  Horse-Flesh  Ore,    See  Camat,  Ores  of.  ^ 

smMlirarBT  PITCB*  Burgundy  pitch,  when  genuine,  is  made  by  melting 
£nnkinoense  (Abietis  resina)  in  water  and  straining  it  through  a  coarse  doth.  The 
substance  usually  sold  as  Burgundy  intch  is,  however,  common  resin  incorporated 
with  water  and  coloured  with  palm-oiL  In  some  cases  American  turpentine  is  em- 
ployed.    See  PrroH  and  Tab. 

MUMLMRBm  Women  are  so  called  who  are  engaged  in  removing  from  woollen 
doths,  with  tweeaers,  all  irregular  threads  or  hair. 

BUSHBTT'S  TItUXDm  A  solution  of  chloride  of  zinc  is  commonly  known  as  ffir 
VnUiam  Burnett's  disinfecting  fluid.    It  is  largdy  used  as  a  powerful  disinfectant 

BVBWnrO  BOWiBa  Aminer*8  tertn.  In  Cornwall  the  kiln  or  oven  in  which 
the  tin  and  other  ores  are  placed  to  sublime  the  volatile  constituents,  sulphur  and 
arsenic  is  so  called. 

ILVnriM.    See  CoFFRB. 
SVOAB.    See  Caraxxl. 

A  miner's  term  for  a  heap  of  rubbish. 
The  flat  whalebones,  or  sted  supports  for  the  stays  of  women. 
BPSgOBAB  OVM.    See  Bassoba. 

BUTT.  A  large  cask.  The  beer  and  wine  butt  should  contain  three  barrels,  or 
108  imperial  gallons.  The  wine  butt  formerly  held  180  of  the  old  wine  g^ons. 
In  the  leather  trade,  a  butt  is  a  rounded  crop,  or  a  full  hide. 
BUTTBB.  (Beurre,  Ft, ;  Butter,  Ger.)  Butter  is  the  fatty  matter  of  milk, 
nsuallv  that  of  the  cow.  Milk  is  composed  of  butter,  casoine,  sugar  of  milk, 
several  salts,  and  water.  The  butter  exists  in  the  form  of  ver^  small  globules  of 
nearly  unifbrm  size,  quite  transparent,  and  strongly  refractive  of  light  Milk  left  in 
repose  throws  up  the  lighter  partides  of  butter  to  the  surface  as  cream.  It  was 
imagined  that  the  butter  was  separated  in  the  process  of  chumiuff,  in  consequence 
of  the  milk  becoming  sour ;  but  this  is  not  the  case,  for  milk  rendered  alkaline  by 
bicarbonate  of  potash  a£R)rds  its  butter  fully  more  readilv  than  adduous  milk. 
The  best  temperature  for  churning  milk  or  cream  is  68^  F. ;  that  of  60^  is  too  high ; 
and  under  50^  is  too  low.  By  the  churning  action  the  heat  rises  from  3^  to  4^  F. 
All  the  partides  of  butter  are  never  separated  by  churning ;  man^  remain  difihsed 
throng  the  butter-milk,  and  are  easily  discoverable  by  the  microscope.  These 
are  more  numerous  in  proportion  to  the  bulk  of  the  liquid ;  and  hence  it  is  more 
economical  to  chum  cream  than  the  whde  milk  which  affords  it  It  is  computed 
that  a  cow  which  gives  1,800  quarts  (old  English)  of  milk  per  annum  eats  in  that 
time  8,000  lbs.  of  hay^  and  produces  140  lbs.  of  butter.  Analysis  shows  that  this 
weight  of  hav  contains  168  lbs.  of  fi&t  The  finest  flavoured  butter  is  obtained  from 
milk  chumea  not  long  after  it  is  drawn ;  but  the  largest  proportion  is  derived  from 
the  cream  thrown  up  by  ndlk  after  standing  24  hours  in  a  temperature  of  about 
60^  F.  The  butter-milk,  which  contains  the  very  fermentable  substance,  caseine^ 
should  be  well  separated  frtm  the  butter  by  washing  with  cold  water,  and  by  beating 
witli  the  hands,  or  preferably,  without  water,  for  the  sake  of  fine  flavour,  by  the  action 
of  a  press. 
The  Tartars  and  French  have  long  been  in  the  habit  of  preserving  butter,  by 
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meltaiig  it  with  a  moderate  heat,  -wheatehj  are  ooagolated  the  albuminotit  and  curdy 
mattera  remaimng  in  it^  which  are  vexr  patrescibU.  This  fosion  should  be  made  by 
the  heat  of  a  warm  bath,  about  176^  V,,  continued  for  flome  time,  to  eSBdCt  the  more 
complete  purification  of  the  butter.  If  in  this  settled  liquefied  state  it  be  cardPolly 
decuited,  strained  through  a  tanmiy  doth,  and  slightly  salted,  it  may  be  kept  for  a 
long  time  nearly  fresh,  without  beooming  in  any  degree  xandd,  more  especially  if  it 
be  put  up  in  small  jars  dosdy  covered. 

InConiwaU  and  Western  Deron,  tlie  first  process  in  the  manufacture  of  butter  is 
the  fumation  of  the  cream  by  heat.  After  the  milk  has  stood  for  from  twelye  to 
twenty  hours  at  rest,  so  that  the  cream  globules  may  rise  to  the  surfSftoe,  it  is  ex- 
posed to  a  yery  slow  heat,  until  it  acquires  a  temperature  of  about  200^  F. ;  care 
being  taken  that,  if  it  exceeds  this,  the  milk  never  boils.  The  pellide  of  cream 
being  formed,  the  vessel  is  removed  from  the  fire,  and  allowed  to  cool ;  when  cold, 
the  butter  is  made  from  this  cream  in  the  usual  way. 

When  subjected  to  microscopical  examination,  miUc  is  found  to  consist  of  infinitely 
minute  globular  partides  floating  in  a  serous  fluid.  Baspail  says  the  largest  of  these 
globules  are  not  above  l-2600th  of  an  inch  in  diameter.  These  globules  consist 
essentially  of  butter.  In  the  East,  butter  is  prepared  for  keepingby  <»refully  melting 
it  over  a  very  slow  fire,  and  removing  the  scum  as  it  rises.  Thenard  recommends 
this  process,  but  directs  that  it  sho^d  be  carried  out  by  the  use  of  a  water-bath. 
If  good  fresh  butter  is  wrapped  in  a  piece  of  linen  and  plunged  into  a  strong  brine, 
it  will  keep  good,  without  saltness,  for  a  Ions  period. 

Butter  18  preserved  by  salting  in  Irelim<£  m  Holland,  and  in  the  Channel  Islands. 
In  1872  we  exported  56,322  cwts.,  of  the  value  of  327,48  l^.—of  which  28,481  cwts. 
were  sent  to  Brazil.    See  Milk. 

MUTTMMMf  HTIWMfcftiXi«  The  old  chemists  called  several  of  the  metallic 
chlorides, — butters ;  as  butter  of  antimqnyt  butter  of  tin,  butter  ofhimhtUhy  &c 

MUTTWatL  or  AVTZMOVT.  An  old  name  for  the  anhydrous  chloride  of 
antimony. 

JiU'rjMm  or  cacao.    Sec  Cacao. 

BUTTMKt  VSCMTABXA.  A  greasy  substance  expressed  firom  the  kernels  of 
the  Baeeia  btUyracea,  a  native  of  NdrUi  India.  This  grease  is  said  to  make  excellent 
soap.  Shea  butter  is  obtained  from  tho  B.  ParkU,  of  West  Africa,  and  has  been  used 
in  making  candles  and  soap.  The  butter-tree  of  Sierra  Leone  is  the  Pentadeema 
butyraeea  (Br.),  the  fruit  of  which  yields  much  grease,  eaten  by  the  negroes. 

MUTTOJI  BKAJmAOTinUk  This  art  is  divided  into  several  branches,  con- 
stituting 80  many  distinct  trades.  Metal,  horn,  leather,  bone,  and  wood,  are  the 
substances  frequentiy  employed  for  buttons,  which  are  either  plain,  or  covered  with 
silk,  mdiair,  thread,  and  other  ornamental  materials.  The  most  durable  and  orna- 
mental buttons  are  made  of  various  metals,  polished,  or  covered  with  an  exceedingly 
thin  wash,  as  it  is  termed,  of  silver  or  gold. 

The  buttons  intended  to  be  covered  with  silk,  &x^,  are  termed  in  general  numlds. 
They  are  small  drdes,  perforated  in  the  centre,  and  made  from  those  reftise  chips  of 
bone  which  are  too  smaU  for  other  purposes.  For  the  large  and  coarser  buttons, 
pieces  of  hard  wood,  are  sawn  into  thin  fi^es,  of  an  equal  thickness ;  from  which,  by 
a  machine,  the  button  moulds  are  cut  Out  at  two  operations. 

White  metal  and  brass  buttons,  as  well  as  plated  buttons,  are  stamped  hy  the  fir- 
press,  out  of  copper-plate,  covered  on  one  side  with  silver  at  the  fiatting  mill.  The 
copper  side  is  placed  upwards  in  stamping,  and  the  dye  or  hole  through  which  they 
are  stamped  is  rather  chamfered  at  its  edse,  to  make  the  silver  turn  over  the  edge  oi 
the  button.  The  backs  are  stamped  in  Uie  same  manner  as  the  gilt  buttons.  The 
shanks  are  soldered  on  with  silyer  solder,  and  heated,  one  by  one,  in  the  flame  of  a 
lamp,  with  a  blow  pipe  urged  by  bellows.  The  edges  are  now  filed  smooth  in  the 
lathe,  care  beinff  tiucen  not  to  remove  any  of  the  silver  which  is  turned  over  the  edge. 
They  are  next  <upped  in  add,  to  ngr 

dean  the  backs,  and  boiled  in 

cream  of  tartar  and  silver   to  j^» 

whiten  them ;  after  which  they  //•     •■■Tm,,?,!^    *     *  ^l""^^='^^^flry 

are  burnished,  the  backs  being  /      -—^^^ULtl        '   ~  a^^^^^^"^ 

first  brushed  dean  by  a  brush       /  >  J  \ — *    * ^  ^^ — ; — j-y-i^^Ll-Z- 

held  against  them  as  they  re-    /    ^ ■■     ■  '  ^J 

volve  in  the  lathe.     The  mode    '■     ^j  \     n^  f  ' 

of  burnishing  is  the  same  as  for    i     Wf  ^  ^ 

gilt  buttons.    When  the  buttons     |     ^  W  ^B 

are  first  cut  they  have  exceed- 
ingly sharp  edges,  to  correct  which  and  to  produce  a  round,  smooth,  wire-like 
edge,  they  are  rolled  between  two  parallel  pieces  of  steel,  one  moving  hoirisontaUy 


Digitized  by  VjOOQIC 


652  BUTTON  MANUFACTURE 

past  the  other,  which  is  fixed,  and  both  of  them  contaimng  pdlidied  gtoOTea  on  thnr 
corresponding  faces.  To  the  movable  piece  A,fy,  265^,  motion  is  given  by  means  of 
the  huidlo  b.  In  both  the  grooved  pieces,  which  are  about  eighteen  inches  in  length, 
there  are  semidrcolar  openings  as  at  a,  which,  by  corresponding  once  during  each  re- 
volution of  the  hand,  admit  of  the  blank  e  being  dropped  into  the  grooves,  after  which 
it  is  carried,  revolving  as  it  proceeds,  between  Uie  pieces  of  steel,  till  coming  to  the 
hole  t,  it  drops  through  into  a  basket.  This  operation  is  performed  with  amazing 
celerity  by  a  boy,  who  drops  thd  blanks  into  the  cavity  with  his  left  hand,  while  he 
turns  the  handle  with  his  right :  they  are  now  ready  to  receive  the  shanks. 

Button  shanks  aro  made  by  hand  from  brass  or  iron  wiro,  bent  and  cut  by  the  fol- 
lowing means : — 

The  wiro  is  lapped  spirally  round  a  piece  of  steel  bar.  The  steel  is  turned  round 
by  scrowing  it  into  the  ena  of  the  spindle  of  a  lathe,  and  the  wiro  by  this  means 
lapped  dose  round  it  till  it  is  covered.  The  coil  of  wiro  thus  formed  is  slipped  ofEt 
and  a  wiro  fork  or  staple  with  parallel  legs  put  into  it  It  is  now  laid  upon  an  anvil, 
and  by  a  punch  the  coil  of  wiro  is  struck  down  between  the  two  prongs  of  the  fork, 
so  as  to  form  a  figuro  8,  a  little  open  in  the  middle.  The  punch  has  an  edge  which 
marks  the  middle  of  the  8,  and  the  coil  being  co(  open  by  a  pair  of  shears  idong  this 
mark,  divides  each  turn  of  the  coU  into  two  perfect  button  shanks  or  eyes. 

Buttons  to  be  gilded  aro  stamped  out  fix>m  copper  (having  sometimes  a  small  aUoy 
of  cine),  laminated  in  the  flatting  mill  to  the  proper  thickness.  These  circular  pieces, 
called  blanks,  aro  annealed  in  a  fteiace  to  soften  them ;  and  the  maker^s  name,  &c. 
is  struck  on  the  back  by  a  monkey*  which  is  a  machine  very  similar  to  a  pile  engine. 
This  stamp  also  ronders  the  face  veiy  slightly  convex,  that  the  buttons  may  not  stick 
together  in  the  gilding  process.  The  burnishing  is  performed  by  a  piece  of  hnmatite 
or  blood-stone,  fixed  into  a  handle^  and  applied  to  the  button  as  it  rovolves  by  the 
motion  of  the  lathe. 

A  great  number  of  the  buttons,  thus  prepared  for  gilding,  aro  put  into  an  earthen 
pan,  with  the  proper  quantity  of  gold  to  cover  them,  amalgamated  with  meroury  in 
the  following  manner: — ^The  gold  is  put  into  an  iron  ladle,  and  a  small  quantify  of 
merouiT  ad£d  to  it ;  the  ladle  is  held  over  the  fire,  till  the  gold  and  mercury  are 
perfect]^  united.  This  amalgam  being  put  into  the  pan  with  the  buttons,  as  much 
a<^uafartas,  diluted  with  water,  as  will  wet  them  all  over,  is  thrown  in,  and  they  aro 
stirred  up  with  a  brush,  till  the  add,  by  ita  affinity  to  the  copper,  carries  the  amaJgam 
to  every  part  of  its  sur&ce,  covering  it  with  the  appearance  d  silver.  When  this  is 
perfected,  the  add  is  washed  away  with  dean  water.  This  process  by  the  workman 
is  called  quicking. 

The  old  process,  in  gilding  buttons,  called  the  drying-o£^  was  exceedingly  per- 
nidous  to  the  operator,  as  he  inhaled  the  vapour  of  the  mercury,  which  is  well  known 
to  be  a  virulent  poison.  In  order  to  obviate  this,  the  foUowhig  plan  of  apparatus 
has  been  employed  with  success :— The  vapour,  as  it  rises  &om  the  pan  of  buttons 
heated  by  a  charcoal  fire,  is  conducted  into  an  oblong  iron  fine  or  gallery,  ^ntly 
sloped  downwards,  having  at  its  end  a  small  vertical  tube  dipping  into  a  water  astern 

for    oondendng    the 

mercury,  and  a  large 
vertical  pipe  for  pro- 
moting the  draught  of 
the  j^oducts  of  the 
combustion.  By  act 
of  parliament  5  grains 
of  gold  aro  allotted 
for  the  purpose  of 
gilding  144  buttons, 
Slough  they  may  be 
tolerable  well  ^t  by 
half  that  quantity.  In 
this  last  case,  the 
thickness  would  be 
about  the  214,000th 
part  of  an  inch. 

Mr.  Holmes  of  Bir- 
mingham patented  a 
process  which  was 
fuUy  described  in  the 
former  edition  of  this 
work ;  a  portion  of  the  description  is  retained,  ospedally  such  parts  of  his  madunery 
as  appear  to  be  still  in  use. 
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Having  explained  the  peculiar  form  of  his  improved  metallic  flhanks  for  bnttone, 
and  the  tools  employed  iu  making  the  same,  he  proceeds  to  describe  the  machinery  or 
apparatos  by  which  he 
carries  his  invention 
into  effect.  He  takes 
a  sheet  of  metal,  say 
about  80  or  40  feet 
long,  and  of  the  proper 
width  and  thickness, 
which  thin  sheet  is  to 
be  wound  upon  a  roller, 
and  placed  above  the 
niachino,  so  that  it  can 
be  easily  drawn  down 
into  the  machine  as  required  for  feeding  the  punches  and  dies.  Fig,  266  is  a  plan- 
view  of  a  machine  intended  to  work  any  convenient  number  of  sots  of  punches  and 
dies  placed  in  rows.  Fig,  267  is  a  side  view,  and  fig,  268  a  longitudinal  section, 
taken  through  the  ma- 
chine ;  figs,  269  and  270 
are  transverse  sections 
t-ikon  through  the  ma- 
chine between  the 
punches  and  counter 
dies,  fig,  269  represent- 
ing its  appearance  at 
the  face  of  uie  punches, 
and^.  270  the  opposite 
viewof  the  counter  dies, 
a  a  are  the  punches; 
b  b,  the  counter  dies; 
each  being  mounted  in  rows  in  the  steel  plates  0  c,  fixed  upon  two  strong  bars  d  and 
Cy  by  counter-sunk  screws  and  nuts ;  the  punches  and  dies  being  retained  in  their 
proper  position  by  the  plates,  which  are  screwed  on  to  the  front  of  the  steel  plates, 
and  press  against  the  coUars  of  the  punches  and  dies.    The  bars  d  and  e  axe  both 


mounted  on  the  guide-pins  g  g,  fixed  in  the  heads  A  A,  of  the  finune,  which  guide- 
pins  pass  through  the  bosses  on  the  ends  of  the  bars.  The  bar  d  is  stationary  upon 
the  guide-pins,  being  fixed  to  the  heads  A  A,  by  nuts  and  screws  passed  through  ears 
cast  on  their  bosses.  The  bar  e  slides  freely  upon  the  guide-pins  ^  ^,  as  it  is 
moved  backwards  and  forwards  by  the  crank  i  t,  and  connecting-rods  J  j,  as  the 
crank-shaft  rovolves.  The  sheet  of  thin  iron  to  be  operated  upon  is  placed,  as 
boforo  stated,  above  the  machine ;  its  end  beins  brought  down  as  at  a  a,  and  passed 
between  the  guide-rod  and  clearing  plate  k,  and  between  the  pair  of  feeding-rollers 
1 1,  which,  by  rovolving,  draw  down  a  farther  portion  of  the  sheet  of  metal  between 
the  punches  and  dies,  after  each  operation  of  the  punches. 

As  the  counter  dies  advance  towards  the  punches,  they  first  come  in  contact  with 
the  sheet  of  metal  to  be  operated  upon ;  and  after  having  produced  the  pressure  which 
cuts  out  the  discs,  the  perforations  of  the  sheet  are  pushed  on  to  the  ends  of  the  punches 
by  the  counter  dies ;  and  in  order  that  the  sheet  may  be  allowed  to  advance,  uie  car- 
riage which  supports  the  axles  of  the  feeding-rollers,  with  the  guide-rod  and  clearing- 
plate,  aro  made  to  slide  by  means  of  the  pin  m,  which  works  in  a  slot  in  the  sliding- 
piece  fi,  bearing  the  axis  of  the  feedinff-roller  1 1,  the  slide  n  being  kept  in  its  place  on 
the  framework  by  dovetailed  guides,  shown  infy,  270. 

When  the  counter  dies  have  advanced  near  to  the  sheet  of  metal,  the  pin  m  comes 
in  contact  with  that  end  of  the  slot  in  the  piece  n  which  is  next  to  the  punches,  and 
forces  the  carriage  with  seed-rollers  and  clearing-plate,  and  also  the  sheet  of  metalt 
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onwards,  as  the  dies  are  advanced  by  the  reaction  of  the  cnmks ;  and  after  they  hare  eat 
oat  the  discs,  and  raised  the  shanks,  the  sheet  of  metal  will  renuun  apon  the  ponches ; 
and  when  the  bar  e  retams,  tiie  finished  backs  and  shanks  are  forced  ont  of  the  coan- 
ter  dies,  by  the  clearing-pins  and  rods  o  o,  which  project  throagh  the  bar  e,  and  through 
the  holes  before  mentioned  in  the  counter  dies ;  these  dearing-pins  being  stationary  be- 
tween the  bars  f  p,  mounted  upon  the  standard  q  a,  on  the  cross  bar  of  the  ficame,  as 
shown  injias*  266,  268,  269.  Immediately  after  this  is  done,  the  pins  moome  in  con- 
tact with  the  other  endis  of  the  slots  in  the  pieces  n,  and  draw  back  the  feeding-rollers 
I  It  together  with  the  deaiing-plate  k  and  the  sheet  of  metal,  away  from  the  punches, 
into  the  position  represented  in  the  figures. 

At  this  time  the  feeding  of  the  metal  into  the  machine  is  effected  by  a  crank-pin  r, 
on  the  end  of  the  crank-shafts  coming  in  contact  with  the  bent  end  of  the  slidinff-bar  s, 
supported  in  standards  1 1 ;  and  as  the  crank-shaft  revolyes,  this  pin  r  forces  the  bars 
forward,  and  causes  the  tooth  or  pall  u,  on  its  reyerse  end,  to  driye  the  ratchet-wheel  v, 
one  or  more  teeth ;  and  as  the  ratchet-wheel  v  is  fixed  on  to  the  end  of  the  axle  of  one 
of  the  roUers  /,  it  will  cause  that  roller  to  reyolye ;  and  by  means  of  the  pair  of  spar- 
pinions  on  the  other  ends  of  the  axles  of  the  feeding  rollers,  they  will  both  reyolye 
simultaneously,  and  thereby  draw  down  the  sheet  of  metal  into  the  machine.  It  will 
be  perceiyed  uiat  the  standards  which  support  the  dearing-plateand  guide-bar  are  car- 
ried by  the  axles  of  the  feeding  rollers,  and  partake  of  their  sliding  motion :  also  that 
the  dearing-pins  o,  are  made  adjustable  between  the  bars  p,  to  correspond  with  the 
counter  dies.  There  is  an  adjustable  sliding-stop  »  upon  tne  bar  s,  which  comes  in 
contact  with  the  back  standard  t,  and  preyents  the  bar  s  sliding  back  too  far,  and  con- 
sequently regulates  the  quantity  of  sheet  metal  to  be  fed  into  tbe  machine  by  the  pall 
and  ratchet-wheel,  in  order  to  suit  different  sises  of  punches  and  dyes.  In  case  the 
weight  of  the  bar  c,  earring  the  counter  dies,  should  wear  upon  its  bearings,  the  ^de- 
pins  gg  haye  small  friction  rollers  yy,  shown  under  the  bosses  of  this  bar,  which  Miction 
rollers  run  upon  adjustable  beds  or  planes,  s  e,  by  which  means  the  guide-pins  may 
be  partially  relieved  from  the  weight  of  the  bar  o,  and  the  friction  consequently 
diininishea. 

BuTTOKS  OF  HoBN.  —Mr.  Thomas  Harris  obtained,  in  April  1841,  a  patent  for 
improyements  in  the  manufacture  of  horn  buttons,  and  in  their  dies.  His  invention 
relates,  first,  to  a  mode  of  applying  flexible  shanks  to  horn  buttons ;  secondly,  to  a  mode 
of  ornamenting  horn  buttons,  by  enlaying  the  front  surface  thereof ;  thirdljr,  to  a  mode 
of  ornamenting  what  are  called  horn  buttons,  by  gilding  or  sUvoring  their  surfaces ; 
fourthly,  to  a  mode  of  constructing  dies,  by  applying  separate  bounduy  drdee  to  each 
ongrayed  susfaco  of  a  die,  bpr  whi(£  the  process  of  engraving,  as  well  as  the  forming  of 
accurate  dies,  will  be  facilitated ;  fifthly,  to  a  mode  of  constructing  dies,  used  in  the 
roanufiicture  of  horn  buttons,  whereby  the  horn  or  hoof  employed  wUl  not  be  permitted 
to  be  expressed  beyond  the  drcumferenoe  of  the  button. 

Fig,  271  represents,  in  section,  a  pair  of  dies,  ▲  and  b,  used  in  producing  the 
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improved  horn  buttons,  according  to  the  first  improvement;  the  upper  die  a  is 

to  pcodoce  the  badi:  surfaces  of  the  buttons,  and  the  recess  or  groove  for  receiying  the 
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fldxiblo  shank.    J^.  272  showB,  in  seetion  and  back  yiew,  the  fonn  of  a  bntton  pro- 
duced by  the  dies. 

Buttons  Urns  fonned  are  now  ready  to  receive  flexible  shanks ;  and  if  the  buttons 
are  to  have  plain  smooth  front  snr&ces,  then,  in  fixing  the  flexible  shanks,  the  same 
kind  of  under  die,  b,  may  be  used ;  but  if  the  front  suxface  of  the  button  is  to  be  em- 
bossed or  ornamented,  then,  in  place  of  that  die,  a  similar  one,  having  engraved  or  suit- 
ably ornamented  surfaces,  is  to  be  used.  When  flxing  the  shanks  to  buttons,  the  lower 
or<&ce  die,  containing  the  jnreviously  formed  buttons,  is  to  be  heated  till  a  drop  of 
water  will  nearly  boil  upon  it 

The  shank  is  applied  as  follows :— a  metal  shell  or  collet  a  (aeejia,  278)  is  placed 
over  the  flexible  shank  b,  and  a  plate  of  metal  o  is  laid  under  the  shank ;  these  are , 
l^daced  in  the  groove  or  recess  of  the  button,  which  had  been  previously  heated  in  the 
lower  die ;  the  upper  die  ▲  (Jiff,  274)  is  then  to  be  placed  on  me  lower  die  b,  and  the 
two  submitted  to  pressure,  until  they  become  cool,  when  the  shank  will  be  fiirmly  at- 
tached, as  shown  &tfiff,  276,  and  the  bottom  may  be  finished  in  the  usual  way. 

The  second  part  of  the  invention,  which  rdates  to  a  mode  of  ornamenting  horn 
buttons,  by  onlaving  the  front  snr&oe  thereof,  is  performed  in  a  manner  sinolar  to 
what  has  been  above  described,  for  fisng  flexible  ukanks,  and  consists  in  first  form- 
ing the  front  face  or  surfiM»  of  a  button,  in  suitable  dies,  for  providing  a  recess ;  and 
then,  by  a  second-pressure  in  dies,  to  fix  the  ornamental  surface ;  and,  when  desired, 
the  surrounding  fiK>nt  sur&oe  of  the  button  may  be  embossed.  Fig,  276  is  a  longi- 
tudinal section  of  a  pair  of  dies,  for  forming  a  recess  in  the  face  of  a  button.  ^. 
277  shows,  in  front  view  and  section,  a  horn  button  produced  by  these  dies.  Fig,  278 
shows  a  metal  ornament,  to  be  inlaid  or  fixed  in  the  front  surface  of  the  button,  but 
it  should  be  stated  that  the  ornamenting  surface,  to  be  fixed  in  the  front  sur&ceof  tiho 
button,  may  be  of  pearl  or  other  material;  and  the  size  and  device  varied  accoa^3ing 
to  taste.  Fia,  279  shows  in  section  a  pair  of  dies,  for  giving  the  second  pressure 
for  a£Bxing  the  ornamental  surface ;  and,  if  desired,  the  remaining  front  surfSace  of 
the  button  may  be  ornamented,  by  having  the  lower  die  engraved,  or  otherwise  suit- 
ably ornamented.  Fig,  280  shows  in  front  view  and  section  a  button  made  according 
to  this  part  of  the  invention. 

The  third  part  of  the  invention  relates  to  a  mode  of  ornamenting  horn  buttons,  by 
gilding  or  silvering  their  surfaces.  This  is  effected  by  applying  a  suitable  cementing 
or  adhesive  material  with  a  soft  brush  to  the  button,  in  order  mat  gold-  or  sUver-leaf 
may  be  attached  to  its  sur&ce.  The  cementing  or  adhesive  material  preferred  to  be 
used  is  dressing  varnish  rendered  sufficiently  liquid  by  essence  of  turpentine ;  and 
when  the  varnish  is  nearly  dry,  gold-  or  silver-1^  is  applied  thereto,  and  preraed  in 
the  same  manner  as  practised  when  gilding  and  silvering  other  surfaces ;  by  thus 
treating  horn  buttons  a  very  novel  manufacture  of  that  description  of  buttons  may  be 
produced. 

The  fourth  part  of  this  invention  relates  to  the  construction  of  dies  used  in  the 
manufacture  of  horn  buttons.  Fig,  281  is  a  section  of  a  die,  constructed  according  to 
this  part  of  the  invention ;  said  Jig,  282  is  a  section  showing  the  die  without  tJie  bound- 
ing circles,  which  confibtie  the  patterns  ;/is  the  die  engraved  at  the  parts  a  g ;  around 
ea!ch  of  which  engraved  suz&ces  are  drcolar  grooves  or  recesses  to  receive  the  bounding 
circles  h  h^  which  fit  accurately.  By  the  after-insertion  of  these  cirelee,  the  workman 
is  not  ccafined  to  move  his  graver  within  the  bounding  line,  as  that  line  is  not  present 
when  engraving  the  plate ;  and  the  graver  may  pass  beyond,  and  the  grooves  and  the 
bounding  circles  may  readily  be  made  with  great  accurai^  to  each  of  the  engraved 
surfaces. 

The  fifth  part  of  the  invention  also  relates  to  a  mode  of  constructing  dies  for  the 
manufacture  of  horn  buttons,  and  consists  in  forming  the  dies  so  that  the  bounding 
circle  shiJl  be  a  sufficient  depth  for  the  counter  die  to  slide  within  it,  and  fit  accu- 
rately in  order  that  the  circumference  of  each  button  shall  be  smoothly  and  accurately 
formed.  Fig,  283  represents  in  section  two  dies,  and  one  counter  die,  made  according 
to  this  part  of  the  invention;  Jig,  284  shows  one  of  the  dies  in  plan  and  section;  and 
Jig,  286  a  plan  and  section  of  a  counter  die  suitable  for  fiexible  shank  buttons,  h  k 
are  the  dies,  having  the  engraved  surfaces  i  «  on  separate  circular  discs  of  metal,  such 
as  have  heretofore  been  used;  j  is  a  counter  die,  and  ^  a  tube  within  which  the 
counter  die  is  held,  the  object  of  this  tube  being  to  guide  the  projecting  edoes  ^  of 
the  dies  as  shown,  and  thus  keep  the  dies  and  counter  dyes  correct  to  each  other.  Fig, 
286  is  a  section  dT  two  dies  A,  and  a  counter  die^ ;  but  in  this  case  the  tube  k  is  ^- 
pensed  witii,  tJie  dies  being  deeper  sunk,  and  thus  guiding  the  counter  die  correctly. 
By  the  use  of  these  dies,  the  edges  of  horn  buttons  will  be  more  accurately  formed,  and 
consequently  require  less  finishing.  This  descripticm  of  dies  may  be  made  according 
to  the  mode  described  in  the  fourSi  part  of  this  invention;  that  is,  by  forming  the 
boondaiy  cirde  separately,  as  will  be  understood  by  refJarring  to^.  287»  which  is  a 
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side-section  of  a  die  complete,  with  itd  boundary  dxcle  formed  in  a  similar  maimer  to 
that  described  above.  Fig,  288  represents,  in  plan  and  section,  a  Tariation  in  the 
means  of  afiKzing  a  separate  bounding  circle  to  eadi  engraved  surface ;  and  it  is  suitable 
for  working  without  the  tube.  In  using  these  dies  mey  are  to  be  heated  but  sli^tlj, 
whether  for  buttons  with  metal  shanks,  or  to  receive  flexible  shanks,  and  are  to  be 
pressed  as  heretofore.  The  patentee  claims,  first,  the  mode  of  manufEtoturinff  horn 
buttons  with  flexible  shanks,  bj  first  forming  buttons  by  pressure  and  heat>  and  then 
by  a  second  pressure  in  dies,  to  affix  fiexible  shanks  thereto,  as  above  described. 
Secondly,  the  mode  of  ornamenting  horn  buttons,  by  causing  suitable  surfaces  to  be 
affixed  m  the  front  surfaces,  by  pressing  the  buttons  with  uie  ornaments  in  dies,  as 
above  described.  Thirdly,  the  mode  of  ornamenting  horn  buttons  by  gilding  and 
silvering  their  surfaces  as  described.  Fourthly,  the  mode  of  constructing  dies  used 
in  the  manufacture  of  horn  buttons,  by  applying  separate  bounding  circles  to  each  en- 
graved surface,  for  a  button ;  and  fifthly,  the  mode  of  manufisMitunng  horn  buttons  in 
dies,  wherein  the  horn  or  hoof  is  prevented  from  being  expressed  at  the  circumference 
of  the  buttons  as  described. 

Buttons,  Covered. — Mr.  Joseph  Parkos  obtained  in  1840,  a  patent  for  improve- 
ments in  the  manufiEu;ture  of  covered  buttons  made  by  dies  and  pressure,  by  the  appli- 
cation of  horn  as  a  covering  material.  The  process  resorted  to  by  the  patentees  for 
carrying  out  this  invention  is  very  similar  to  that  pursued  in  manufacturing  Florentine 
buttons ;  such  modifications  being  applied  as  are  rendered  necessary  for  adapting  such 
process  to  the  peculiar  nature  of  the  material  employed  for  covering  the  face  of  each 
button,    a  {fig,  289)  shows  a  plan  of  a  disc  of  iron  plate,  with  four  projecting  points, 
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which  is  formed  by  suitable  dies  in  a  fly-press,  as  is  well  understood ;  the  points  are 
then  turned  down,  and  the  disc  a  is  sunk  into  the  shape  shown  9,tfig,  290,  and  two  such 
sunk  discs  are  applied  to  the  internal  core  of  the  button-board  of  each  button :  h  {fig, 
291)  shows  a  plan  and  edge  view  of  a  circular  disc  of  buttoQ-board  suitable  for  forming 
the  internal  core  of  a  button. 

The  dies  being  placed  in  suitable  presses,  as  is  well  understood  in  using  similar 
jdies  in  manufacturing  Florentine  and  other  covered  buttons,  one  of  the  sunk  discs  a 
is  placed  in  the  und^  die,  with  the  points  upwards,  having  a  disc  of  button-board 
placed  on  the  points,  as  shown  fiXfig,  292 ;  the  upper  die  or  punch  is  then  caused  to 
descend  and  press  the  button-board  h  into  the  shape  shown  at  fig,  298 ;  which,  when 
thus  formed,  is  to  have  a  die  a  applied  on  the  other  side,  as  shown  at^.  294.  The 
disc  a,  to  be  next  fixed  to  the  button-board,  is  placed  in  a  suitable  die,  the  disc  which 
has  already  been  fixed  being  upwards ;  the  die  or  punch  is  now  to  be  pressed  down, 
which  wiU  produce  the  button-board,  with  the  discs  a  a,  on  either  side,  into  the  shape 
shown  htfig,  295 ;  and  it  will  be  seen,  that  one  of  the  discs  will  by  the  shape  of  tie 
die,  be  simk  concave,  whilst  the  other  disc  a,  on  the  other  side,  wiU  be  formed  convex 
or  according  to  the  figure  of  the  face  of  the  intended  button. 

The  core  of  button-board  {fig,  296)  is  now  ready  to  be  inserted  into  the  fabric 
which  is  to  become  the  fibxible  shank  of  the  button,  and  which  flexible  shank  is  formed 
by  sinking  a  portion  of  flibric  in  suitable  dies,  as  is  well  understood  when  making 
similar  shanks  in  Florentine  or  other  covered  buttons ;  and  the  shank  being  so  sunk, 
the  button-board  of  core  {fig,  295)  is  to  be  placed  thereon,  with  the  eoncaTe  sozfitce 
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towards  tbepvotrading  shank ;  and  the  edges  of  the  fabric  are  tihen  to  be  pressed  over 
the  core,  as  is  well  understood,  which  will  produce  the  partly  formed  button  (fig,  296), 
which  is  a  side  view,  and  consists  of  the  shank  containing  the  core,  whi<m  is  next 
inserted  into  the  metal  shell  e  {fig,  297)i  and  these  parts  being  placed  in  a  suitable  die, 
are  pressed  together,  and  the  partly  manufactured  button  {fig,  298)  will  be  produced, 
consisting  of  the  shank  containing  the  core,  covered  on  the  front  surface  with  the 
metal  shell  e,  which,  by  the  die,  has  its  edges  bent  down  on  the  £ftbric  of  the  flexible 
shank.  The  button,  thus  far  formed,  is  now  in  a  condition  to  be  coyered  with  a  thin 
plate  of  horn,  which  is  performed  in  the  following  manner:— <2  {fig,  299)  shows  a 
disc  of  horn,  cut  out  by  suitable  dies,  the  circumference  being  scolloped,  in  order 
that  in  folding  over  the  mould  (fig,  298)  the  horn  may  not  be  puckered,  e  {fig,  300) 
shows  a  collet^  for  affixing  the  covering  of  horn  to  the  button,  the  collet  being  similar 
to  that  used  in  what  is  called  '  Sandar's  plan  of  making  Florentine  and  oUier  covered 
buttons.' 

The  method  of  covering  the  mould  of  the  button  with  horn  is  described  as  follows : — 
Fig,  801  represents,  in  section,  a  lower  covering  die,  and  also  a  proper  punch  for 
pressing  the  parts  into  the  lower  die ;  these  dies  being  in  a  suitable  press,  as  is 
well  understood.  The  lower  die  is  to  be  kept  heated  to  such  an  extent  that  the  work- 
man can  just  bear  his  hand  to  rest,  for  a  very  short  time,  on  the  upper  surface  of 
the  die ;  the  heating  is  preferred  to  be  accomplished  by  means  of  a  flame  of  gas 
below  the  die ;  and  it  will  be  seen  that  there  are  holes  //,  in  the  die,  through  which 
the  heat  of  the  flame  may  pass,  and  ^  is  an  opening  to  allow  of  atmospheric  air  flowing 
under  the  lower  die.  The  disc  of  horn  d  is  placed  in  the  lower  die  g.  The  shape 
or  mould  0^.  298)  is  then  placed  on  the  horn,  and  the  pundi  or  die  h,  is  caused  to 
descend,  and  press  the  parts  into  the  die  o ;  and  the  punch  h  is  then  raised,  in  order 
to  allow  of  the  introduction  of  the  puts  shown  si  figs,  302  and  303,  whidi  consist  of 
the  tube  x,  and  the  punch  or  die^.  The  lower  edge  of  tiie  tube  i  is  made  bell-mouthed, 
80  as  to  cause  the  scolloped  edges  to  be  pressed  on  the  back  of  the  buttons,  and  the 
die  or  punchy  is  to  cause  the  collet  to  be  forced  through  the  horn  in  the  button ; 
and,  in  using  these  parts,  the  collet  is  placed  in  the  tabd  i,  which  with  ita  pundi  is 
inserted  into  the  die  s,  as  shown  at  ^.  304,  which  flgure  represents  the  die  o  and 
punch  K  in  the  condition  just  described,  after  having  forced  the  parts  into  the  die  o ; 
and  this  flgure  also  shows  t)ie  tube  i,  with  a  collet  d  and  the  punch  or  die  j  placed 
in  the  tube  i ;  and  all  things  are  in  a  condition  to  receive  the  pressure  of  the  punch  h. 
In  orderto  prevent  the  pressure  coming  on  the  punch  or  die  J  before  the  horn  has 
been  folded  down  by  the  tube  i,  the  hollow  block  x  is  placed  over  the  die  or  pimch  j  ; 
consequently  when  the  punch  h  is  caused  to  descend,  it  will  force  down  the  tube  i,  and~ 
cause  it  to  gather  the  edges  of  the  horn,  an4  proBs  them  on  the  back  of  the  mould  of 
the  button,  when  the  punch  h  will  be  raised  again,  and  the  block  removed,  which  will 
leave  all  things  in  the  position  shown  at^.  805 ;  and  then  again,  the  bringing  down 
of  the  punch  h  will  cause  the  die  or  punch  j  to  descend,  and  force  the  collet  into  the 
button,  the  die  j  being  retained  in  the  tube  i  by  means  of  the  pin  s,  passing  through 
a  slit  formed  therein,  which  allows  of  the  die  j  rising  and  £ftUing  in  the  tube  i,  but 
prevents  its  coining  out  of  that  tube.  The  button,  thus  &r  fonuMl,  is  now  in  a  con- 
dition to  be  completed  in  the  flnishing  dies  (fig,  306),  the  lower  dies  being  kept  heated 
in  a  sindlar  maimer  to  the  die  c.  The  dies  being  flxed  in  a  suitable  press,  the  button 
to  be  flnished  is  inserted  into  the  die  l  (which  may  be  ornamented  or  plain),  with  the 
shank  upwards,  and  the  punch  or  die  k  is  caused  to  descend  and  press  the  button  into 
shape. 

when  the  front  of  the  button  is  to  be  plain,  the  disc  of  horn  should  be  polished 
before  bebg  used  for  covering ;  but  when  used  to  cover  a  button,  and  finished  by  an 
engraved  or  ornamented  die,  the  polishing  is  not  necessarv.  The  button  being  thus 
made  is  to  be  flnished  by  placing  it  in  a  lathe  to  be  *  edged,'  as  is  commonly  practised 
in  finishing  horn  buttons. 

The .  patentee  does  not  daim  the  means  of  making  the  mould  or  shape  shown  at^. 
298,  nor  the  dies  employed  when  separately  oonsidcNred,  very  similar  dies  having  been 
before  used  in  the  manufSaotnre  of  other  covered  buttons ;  nor  does  he  confine  him- 
self thereto,  so  long  as  the  peculiar  character  and  essence  of  the  invention  be  re- 
tained ;  viz.,  that  of  manufacturing  covered  buttons,  made  by  dies  and  pressure  by 
the  application  of  thin  sheet  horn  as  the  covering  material.  He  claims  the  mode 
hmin  described  of  manufacturing  covered  buttons  by  the  application  of  horn  as  a 
covering  materiaL 

FoBGMLAiN  BxjTTOifS. — ^Thcsc  buttous  Were  first  manufactured  by  Messrs.  lOnton  and 
Co.  under  Prosser^s  patent  for  the  compression  of  dry  porcelain  day  in  moulds  (the 
process  will  be  ftdly  described  under  the  head  Tbsshbjs).  Several  houses  have  adopted 
the  same  process  in  this  country.  Mr.  Bagaterasse  has  a  large  establishment  at  Bnare^ 
where  he  maira&otazes  these  buttons  on  a  large  scale,  and  being  in  oompetition  with 
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Mr.  LeboBuf  of  Broil,  thej  are  sold  Teiy  cheaply.  Bagaterasse  has  ^eatlv  imptOTed 
the  process  by  strikiiig  several  hundred  buttons  at  once,  instead  of  doing  them  singly 
as  by  Piossers  original  process.    See  Tnss  and  Tbssb&s; 

In  1872  we  imported  of  Buttons  and  Studs— not  of  metal— to  the  value  of  134,015/. ; 
chiefly  fh>m  Germany  and  Holland. 

BUTT  I.  A  miner  who  contracts  to  raise  coal  at  a  certain  price  per  ton.  He 
employs  men  to  do  his  work,  and  they  have  usually  an  overlooker  engaged  by  the 
butty,  and  called  the  *  D<^y-* 

BUT!  ■■aumra,  C"H"N  (CMB"V).  a  volatile  organic  base,  homologous  with 
methvlamine.  It  is  found  in  the  more  volatile  portion  of  bone-oiL  It  may  be  pre* 
pared  artifically  by  processes  analogous  to  those  employed  for  m^ylamine,  amyla- 
mine,  &&,  substituting  the  ^utylic  cyanato,  uiea,  or  iodine,  for  those  of  methyle  and 
amyle.    See  Ajcylaminb. — G.  G.  W. 

BUTIMZC  ACZB.  A  volatile  £fttty  acid,  discovered  by  Chevreul,  who  obtained 
it  by  saponifying  butter  with  an  alkali.  Bandd  butter  owes  its  smell  to  the  forma- 
tion of  this  aci£    See  Watts's  *  Dictionary  of  Chemistry.' 

BUTIBZC  BTBBB8.  Compounds  formed  by  the  direct  action  of  butyric  add 
on  alcohols.  To  the  presence  of  small  quantities  of  these  ethers,  the  peculiar  flavour 
of  pine  apples,  melons,  and  some  other  fruits  is  due.  Pine-apple  rum  owes  its  flavour 
to  toe  presence  of  the  butyrato  of  ethyl.  '  A  solution  of  bu^^c  ether  is  very  ex- 
tensively used  in  perfomeiy,  and  in  confectionery,  under  the  name  of  pine-apple  oil. 
It  is  prepared  for  this  purpose  by  the  following  process : — ^Butter  is  saponifled  by  a 
strong  solution  of  potash-lev ;  the  soap  is  dissolved  in  very  little  absolute  alcohol, 
and  to  the  solution  is  added  a  mixture  of  alcohol  and  sulphuric  add,  until  a 
strongly  add  reaction  is  set  up.  The  whole  is  then  distilled;  heat  being  applied  as 
long  as  anvthing  comes  over  with  a  froity  odour/  See  Watts's  'iSctionazy  of 
Chemistry.'^ 

MUXUMm  The  box  tree.  The  value  of  the  box  wood  sent  from  Spain  to  Bins 
is  given  as  10,000  francs  a  year.  The  box-wood  tree  formerly  grew  abundantly  at 
B<ahill,  in  Surrey.  In  1815  the  trees  were  cut  down  and  produced  upwards  of 
10,000A— .Bfltrrf.    See  Box  Wood. 

BVUZBCK  or  BVSTSIVCk  Terms  sometimes  applied  to  thd  pcooess  of  work- 
ing scrap  ixon  in  the  chazooal  hearth  (Bsroy).    See  lBOir« 


qABBAOB  Biimw.  The  baxk  of  the  cabbage  tree  of  the  Westlndies  (JnHra 
inermis),  formerlv  used  in  medicine  as  s  purgative  and  anthelmintic  It  has  been 
supposed  that  this  tree  famishes  the  partndge-wood  of  the  cabinet-maker. 

CABBAOa  PJLXJSa  The  young  leaf-buds  of  this  palm,  the  Jreoa  oleraoea,  are 
boiled  and  eaten  as  a  vegetable  in  In<Sa. 

OJkMMLIMQm  A  term  used  amongst  metallurgists.  In  Gloucestershire  it  is 
called  Soabblina.  Finery  iron  is  smelted  with  charcoal,  and  when  a  soft  mass  of 
about  two  hundvedwdght  is  formed  it  is  hammered  out  into  a  flat  oval  from  two  to 
four  inches  in  thickness ;  this  is  allowed  to  cool,  and  is  then  broken  up  into  small 
pieces,  which  is  the  process  of  cabbling  or  scabbling. 

CABSB.  {Cable,  Er. ;  Ankeriau,  Ger.)  A  strong  rope  or  chain,  connecting  the 
ship  with  the  anchor  for  the  purpose  of  mooring  it  to  the  ground.  Tha  shut  omApt 
cable  is  the  btroDgest^  and  is  usedat  sea  after  the  bower,  wUoh  is  in  constant  use^  goes, 
gives  way,  or  reguires  help :  the  stream  cable  is  smaller,  being  used  chiefly  in  rivers. 
A  cable's  length  is  100  to  140  feithoms  in  the  merchant  service ;  in  the  Boyal  Navyv  4 
cables  are  employed  each  of  100  fithoms,  2  cables  bdng  attached  end  to  end.  ulie 
greatest  improvement  in  mooring  vessels  has  been  the  introduction  of  the  chain  cables 
which,  when  duly  let  out,  afibrds  in  the  wd^t  of  ite  long  catenary  curve,  an  elastic 
tendon,  and  play  to  the  ship  under  the  pressure  of  the  wind.    The  dead  strain  upon 

I  the  sudde        '    ' 


the  andior  is  thus  greatiy  reduced,  and  the  sudden  pull,  by  which  the  flukes  or 
are  readilv  snappeo,  is  in  a  great  measure  obviated.  The  best  iron  cables  axe  diaina 
made  of  links,  whose  ddes  axe  stayed  by  cross  bars  or  stud,  welded  across  the 
middle  of  the  link.  Experience  has  teu^ht  that  the  ends  of  these  links  wear  oat 
much  sooner  than  the  ddes.  To  remedy  this  evil,  Mr.  Hawkes,  iron  manufiuiinrer, 
obtained  a  patent  in  July  1828,  for  constructing  these  anchor  diains  with  links  con- 
dderabl^  stouter  at  the  ends  than  in  the  middle.  With  this  view  he  forms  the  short 
rods  of  iron,  of  which  the  links  are  to  be  made,  with  swells  or  protuberances  about 
one-thiid  of  their  length  from  each  of  tl^eir  ends,  so  that  when  these  an  welded  to- 
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g ether,  the  slenderer  parts  aie  at  the  sides,  and  the  thicker  at  the  ends  of  the  elliptic 
nks.  Such  rods  as  the  above  are  formed  at  once  by  rolling,  swaging,  or  any  other 
means;  but  in  practice,  this  plan  has  not  been  extensively  carried  out ;  the  simple 
round  iron  seems  best. 

The  first  avowed  proposal  to  substitute  iron  cables  for  cordace  in  the  soa  service  is 
stated  to  have  been  ma^  by  Mr.  Slater,  surseon  of  the  Kavy,  who  obtained  a  patent  for 
the  plan  in  1808,  though  he  does  not  seem  to  have  had  the  means  of  canying  it  into  effect 
— a  very  general  misfortune  with  ingenious  projectors.  It  was  Lieut  S^uel  Brown, 
of  the  Boyal  Navy,  who,  in  January  1808,  had  represented  to  the  Naval  Boards  tho 
policy  of  employing  iron  rigging  and  chain  cable,  and  who,  in  Februuy  of  that  year, 
enrolled  a  patent  for  those  articles,  and  in  1811  first  employed  chain  cables  in  the 
vessel  *  Penelope,'  of  -which  he  was  commander,  for  the  purpose  of  experimental  ex- 

gmence,  this  vessel  of  400  tons  having  been  fitted  expressly  for  the  tnal  by  Captain 
rown,  Hr.  Bruton,  and  other  friends,  at  personal  expense  and  risk,  with  iron  rigging, 
chains,  and  cables,  in  place  of  hemp  and  rope. 

Se  made  a  voyage  in  this  ship  from  England  to  Martinique  and  Ouadaloupe  and 
home  again,  in  the  course  of  laox  months,  having  anchored  many  times  in  every 
variety  of  ground  without  any  accident.  He  multi|>lied  his  trials,  and  acquired 
certain  proofs  that  iron  might  be  substituted  for  hemp  in  making  cables,  not  only  for 
mooring  vessels,  but  for  the  standing  rigging.  Upon  nis  return  tram  the  West  Indies, 
Captain  Brown  strongly  represented  the  advantages  practically  experienced  of  iron  over 
hemp.  A  committee  of  naval  officers  reported  upon  the  whole  affiur,  and  the  Govern- 
ment ordered  the  *  Namur '  of  74  guns,  the  *  Monmouth '  of  64,  the  *  Crescent '  frigate, 
and  the  *  Alonso '  sloop,  to  be  fitted  with  two  chain  cables  of  100  fathoms  each,  and 
Liedt.  Brown  was  promoted  to  the  ruik  of  captain.  These  chains  were  of  various 
forms  of  links ;  those,  for  instance,  supplied  U>  the  *  Crescent'  were  composed  of  very 
short  links  with  parallel  sides. 

Since  this  period,  chain  cables  have  been  universally  introduced  into  all  the  ships  of 
the  Bo^  Navy ;  but  the  twisted  links  employed  at  first  by  Brown  have  been  re^aced 
by  straoght  ones,  stayed  in  the  middle  with  a  cross  rod,  the  contrivance  of  Captain 
Brown,  which  was  secored  by  patent  in  this  country. 

The  twisting  of  the  links  was  done  in  order  to  assimilate  the  chain  to  the  form  of 
rope,  and  for  the  porpose  of  making  it  run  out  with  less  concussion  to  the  ship ;  but 
this  in  practice  was  found  zeally  to  let  the  cable  render  out  too  easily,  and  was  dis- 
continued in  practice. 

Some  of  the  cables  supplied  in  1811  to  the  ships  of  war  were  found  to  have  defec- 
tive links ;  their  general  use  was  suspended  until  the  beginning  of  1812,  when  Captain 
Brown  invented  a  mode  of  shutting  the  link  with  a  long  scar^  and  introdu^  a 
machine  to  put  upon  the  chain  any  amount  of  strain  that  ought  to  be  brought  to  bear, 
and  thus  ascertain  defects  of  workmanship  and  materiaL  TJmpr&vinff  macMne  led 
to  the  introduction  of  stay  pins  in  the  links ;  about  the  middle  ox  1812,  chain  cables 
were  thus  brought  to  great  perfection,  and  very  generally  introduced  into  the  Boyal 
Navv, 

The  first  thing  to  be  oonndered  in  the  manufactore  of  iron  cable  is,  to  procure  a 
material  of  the  best  quality,  and,  in  using  it,  always  to  keep  in  view  the  direction  of 
the  strain,  in  order  to  oppose  the  maxlTOum  strength  of  the  iron  to  it.  The  best  form 
of  the  links  may  be  deduced  from  the  following  investigation: — 

Let  A  B  (Jia,  307)  be  a  droolar  link  or  ring,  of  one-inch  rod  iron,  the  outer  dr- 
cumferenceof  the  nng  being  15  inches  and  the  inner  9.  If  equal 
opposite  forces  be  apmed  to  the  two  points  of  the  link  o  d,  pull- 
ing c  towards  b,  and  d  towards  f,  the  result  will  be,  when  the 
forces  are  sufKdently  intense,  that  the  circular  form  of  the  link 
will  be  changed  into  another  form  with  two  round  ends  and  two 
parallel  sides,  as  seen  in  fig,  308.  The  ratio  of  the  exterior  to 
the  interior  periphery,  whidi  was  originallv  as  15  to  9,  or  5  to  3, 
is  no  longer  tne  same  infif.  808.  Hence  there  will  be  a  derange- 
ment in  the  relative  position  of  the  component  particles,  and 
consequently  their  cohesion  will  be  progressively  impaired,  and     ^  — >^ 

eventually  destroyed.    In  fig.  807,  the  segment  k  n  of  the  outside    (  fc)  @] 

periphery  being  equal  to  8  inches,  the  corresponding  inside  seg-     V  y 

ment  will  be  |ths  of  it  If  this  portion  of  the  link,  in  conse-  Y  y^  z 
quenoe  of  the  stretching  force,  comes  to  be  extended  into  a  straight 
hue,  as  shown  in  fig,  808,  the  corresponding  segments,  interior  and  exterior,  must  both 
be  reduced  to  an  equal  length.  The  matter  contained  in  the  3  inches  of  the  outside 
periphery  must  therelbro  be  compressed,  that  is,  condensed  into  Ifinch ;  or  the  inside 
periphery,  which  is  only  1}  inch  already,  must  be  extended  to  3  inches:  that  is  to 
aay,  the  exterior  condensation  and  the  interior  expansion  must  take  place  in  the 
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reciprocal  pioportaon.  But^  in  every  case,  it  is  impossible  to  effect  this  contraction 
of  one  side  of  the  rod  and  extension  of  the  other,  inthont  dismptnre  of  the  link. 

Let  ns  imagine  the  ontside  periphery  divided  into  an  infinity  of  points,  upon  each  of 
which,  equal  opposite  forces  act  to  straighten  the  curvature ;  ihe^  must  undoubtedly 
occasion  the  rupture  of  the  corre&^nding  part  of  the  internal  penphery.  This  is  not 
the  sole  injury  which  must  result;  others  will  occur,  as  we  shall  perceive  in  consi- 
dering what  passes  in  the  portion  of  the  link  which  surrounds  on  {fig,  308),  whose 
length  is  4i  inches  outside  and  2j)jth  inside.  The  segments  kp  and  kg  (Jig.  807), 
are  actually  reduced  to  semi-drcumferences,  which  are  inside  no  more  than  half  an  inch 
and  outside  as  before.  There  is  thus  contracdon  in  the  interior  with  a  quicker  cur- 
vature or  one  of  shorter  radius  than  in  the  exterior.  The  derangement  of  the  particles 
takes  ^lace  here  in  an  order  inverse  to  that  of  the  preceding  case,  but  it  no  less  tends 
to  diminish  the  strength  of  that  ^rtion  of  the  link ;  whence  we  may  oeitainly  conclude 
that  the  circular  form  of  cable  link  is  an  extremely  faulty  one. 

Leaving  matters  as  we  have  sui>poBed  in  fig,  807t  but  suppose  that  a  is  a  rod  intro- 
duced into  the  link,  hindering  its  two  opposite  points  ab  ftom  approximating. 

309  ^^^..^^  This  circumstance  makes  a  remarkable  change  in  the  results.  The 
link,  palled  as  above  described,  must  assume  the  quadrilateral  form 
shown  in  fig,  809.  It  oflbrs  more  resistance  to  deformation  than 
before ;  but  as  it  may  still  su£Eer  change  of  shape  it  will  lose  strength 
in  so  doing,  and  cannot  therefore  be  recommended  for  the  con- 
struction of  cables  which  are  to  be  exposed  to  very  severe  strains. 

Supposing  still  the  link  to  be  circular,  if  the  end  of  tne  stay  comprehended  a  larger 
portion  of  the  internal  periphery,  so  as  to  leave  merely  the  space  necessary  for  the 
plan  of  the  next  link,  there  can  be  no  doubt  of  its  opposing  more  efifectively  the  change 
of  form,  and  thus  rendering  the  chain  stronger.  iBut,  notwithstanding,  the  circular 
portions  which  remain  between  the  points  of  application  of  the  strain  and  the  stay 
would  tend  always  to  be  straightened,  and  of  consequence  to  be  destroyed.  Besides, 
though  we  could  construct  circular  links  of  sufficient  strength  to  bear  all  strains,  we 
ought  still  to  reject  them,  because  they  would  consume  more  materials  than  links  of  a 
more  suitable  form,  as  we  shall  presently  see. 

The  efifoct  of  two  opposite  forces  applied  to  the  links  of  a  chain  is,  as  we  have  seen, 
to  reduce  to  a  straight  line  or  a  strai^t  plane  every  curved  x>art  which  is  not  stayed : 
whence  it  is  obvious  that  twisted  links,  such  as  Brown  first  employed,  even  with  a  stay 
in  their  middle,  must  of  necessity  be  straightened  out,  because  there  is  no  resistance 
in  the  direction  opposed  to  the  twist  A  cable  formed  of  twisted  links,  for  a  vessel  of 
400  tons,  stretched  80  feet,  when  put  to  the  trial  strain,  and  drew  back  only  10  feet. 
Tlus  elongation  of  20  feet  proceeds  evidentl}r  from  the  straightening  of  the  twist  in 
each  link,  which  can  take  place  only  by  impairing  the  strengUi  of  the  cable. 

Twisted  cables  are  not  now  made,  and  but  little  of  twisted  chain.  Thev  wore  made 
to  Ave  the  familiar  form  of  rope  to  the  chain,  to  please  the  sailors'  prejudice. 

From  the  preceding  remarks,  it  appears  that  the  strongest  links  are  such  as  present 
in  their  ori^nal  form,  straight  portions  between  the  points  of  tension ;  whence  it  is 
dear  that  hnks  with  paralld  siaes  and  round  ends  would  be  preferable  to  all  others, 
did  not  a  good  cable  require  to  be  able  to  resist  a  lateral  force,  as  well  as  one  in  the 
direction  <$  its  length. 

Let  us  suppose  that  by  some  aoddent  the  link  fig,  808  should  have  its  two  ex- 

310  >^$Sv  tremities  pulled  towards  T  and  z,  whilst  an  obstacle  x,  placed  rig^t 
op]^te  to  its  middle,  resisted  the  effort  The  mde  of  the  link 
which  touches  x  would  be  bent  inwiucds ;  but  if,  as  in  >^.  810,  there 
is  a  stay,  a  o  b,  the  two  sidea  would  be  bent  at  the  same'time;  the 
link  would  notwithstanding  assume  a  iaxlty  shape. 

In  thus  considering  the  vicious  forms,  we  are  naturaUy  directed  to  that  which  has 
had  at  one  time  the  pfeCorenoe,  as  is  diown  in  fig,  811 ;  but  this  form  of  link  and 
stay-pin  is  so  faulty,  as  to  give  place  now  to  the  general 
use  of  the  simple  link  of  parallel  sides  (see  fig,  812) 
and  with  a  very  different  stay-pin,  as  will  be  shown 
hereafter.  This  old  link  has  a  cast-iron  stay  with  large 
•.A  ^-^^   oil  onds;  it  presents  in  all  directions  a  great  resistance  to 

^  every  change  of  form;  for  let  it  be  pulled  in  the  direction 

a  b  against  an  obstacle  e,  it  is  evident  that  the  portions  deaxid  ^^  which  are  supported 
b^  the  parts  ^0  and  gf,  cannot  get  deformed  or  be  broken  witiiout  the  whole  link 
giving  way.  As  the  matter  composing  ^«  and  gf  cannot  be  shortened,  or  that  which 
composes  de  and  dfbe  lengthened,  these  four  sides  will  remain  necessarily  in  their 
relative  positions,  by  virtue  of  the  large-ended  stay  A,  whose  profile  is  shown  in 
fig,  314.  We  have  examined  the  strength  of  a  link  in  every  direction,  except  that 
perpendicokr  to  its  plane.     J^.  818  represents  the  aMemblage  of  throe  links  in  the 
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above  predieament ;  but  we  onght  to  obaenre  that  the  link  c,  plaeed  between  the  linlu 
A.B,  oonld  not  zesist  theproBsure  or  impact  of  the  two  lateral  links. 

Pfwsesa  of  mamtfaeturing  Iron  Cahlea,—The  imple- 
ments and  operations  are  arranged  in  the  following 
order: — 

1.  The  cuttings  bj  a  machine,  of  iron  bars,  in  eqnal 
lengths,  but  with  opposite  beyels,  to  allow  (Xf  the  re^ 
qnisite  crossing  and  splicing  of  the  ends  in  the  act 
o£  welding. 

2.  A  reyerberatory  fdrnace,  in  which  a  number  of 
rods  or  round  bars  of  the  best  possible  wrought  iron,  and  of  proper  dimensions, 
are  heated  to  a  red  heat.  The  furnace  is  like  those  used  in  the  sheet-iron  works, 
but  somewhat  larger,  and  needs  no  ^Articular  description  hero. 

8.  The  bending  of  each  of  these  pieces  by  a  machine,  so  as  to  form  the  links;  the 
last  operation  is  done  rapidW  while  the  iron  is  red  hot. 

4.  Tlie  welding  of  the  links  at  small  forge  fires,  fitted  with  tools  for  this  express 
purpose,  and  the  immediate  introduction  of  the  stay,  by  a  top  tool  and  hammer. 

5.  Trfmng  the  cables  by  an  hydraulic  press,  worked  by  a  pump,  with  leyers  to 
ascertain  the  strain  applied  by  working  the  pump. 

Any  ordinary  sheais  will  do  to  cut  the  iron,  if  ftumished  with  a  gauge  or  stop,  to 
regulate  the  length  of  link. 

The  following  forms  of  apparatus  employed  by  the  late  Mr.  Brunton  and  others, 
relate  more  to  the  history  of  the  past  manufiEtctores,  than  to  the  present  practice  on  a 
lane  scale. 

Fiffs,  814  and  815  are  a  plan  and  elevation  of  the  shean  with  which  xods  are  eat 


into  equal  pieces,  for  a  link,  moved  hf  a  steam-engine,  or  worked  by  four  or  more 
labouran.  These  must  be  relieved,  however,  frequently  by  otiiers,  for  each  shean 
machine  is  ealcnlated  to  require  nearly  one  honw  in  steam-power. 


A  and  B  are  the  two  cast-iron  limbs  of  the  shears.    The  first  is  fixed  and  the  second 

Is  movable  by  meana  of  a  CKank-shaft  c,  driven  by  a  heavy  fly-wheel  d.    Tba  cutting 
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ja^,  o,  ftie  of  flCeel  piMes  niad«  £ut  by  bolts,  and  may  be  changed  kit  pleasure,  f  is 
a  stop  which  detenranes  the  equal  lengths  of  the  jdeces  cut  ofi^  and  can  be  shifted  to 
suit  different  lengths :  a^  pece  of  iron  is  shown  as  being  cat  off  between  the  upright 
stop  and  the  shears.  ... 

The  following  figures  represent  the  plan  and  elevation  of  a  machine  for  bending 
li«V«  into  an  elliptic  form,  superseded  b^  the  machine  hereafter  to  be  described.  It  is 
represented  at  the  moment  when  a  link  is  getting  bent  upon  it. 


818 


▲  is  an  elliptic  mandrel  of  cast  iron ;  it  is  fixed  upon  the  top  of  a  wooden  pillar  b, 
solidly  suppOTted  in  the  ground,  c  is  the  jaw  of  the  vice,  pressed  by  a  square-headed 
scrpir  against  the  manchrel  ▲. 

i>,  part  of  the  mandrel  comprehended  between  x  and  x,  formed  as  an  inclined  plane, 
so  as  to  preserve  an  interval  equal  to  the  diameter  of  the  rod  between  the  two  surfaces 
that  are  to  be  welded  together. 

B,  rectangular  slots  (c£ears)  passing  through  the  centre  of  the  nut  of  the  mandrel,  in 
which  each  of  the  pus  7  may  be  freely  slidden. 

o,  horizontal  lever  of  wrought  iron  six  feet  long.  It  carries  at  H  a  pulley  or  finc- 
tion-roUor  of  steel,  whose  position  may  be  altered  acourdinff  to  the  diameter  of  the 
links.  It  is  obvious  that  as  many  mandrels  are  required  as  were  are  sizes  and  shapes 
of  links. 

The  piece  of  iron  intended  to  form  a  link  being  cut,  is  carried,  while  red  hot,  to 
the  bending  machine,  where  it  is  seized  with  the  jaw  of  the  vice  c,  by  one  of  its  ends, 
the  slant  of  the  cut  being  turned  upwards ;  this  piece  of  iron  has  now  the  horizontal 
direction  mn;  on  pushing  the  lever  o  in  the  line  of  the  arrow,  the  roller  h  will  force  m  n 
to  be  applied  successively  in  the  elliptic  groove  of  the  mandrel ;  thus,  finally,  the  two 
fiices  that  are  to  be  welded  together  will  be  placed  right  opposite  each  other. 

The  length  of  the  small  diameter  of  the  eUipse  ought  to  exceed  by  a  little  the  length 
of  the  stay-piece,  to  allow  of  this  being  readily  introduced.  The  difference  between 
the  points  f  b  is  equal  to  the  difference  of  the  radii  vectores  of  the  ellipse.  Hence  it 
will  be  always  easy  to  find  the  exoentricity  of  the  ellipse. 

Fiff.  319  is  a  lever  press  for  squeezing  the  old  form  of  links  upon  their  stays 


after  the  linln  are  welded.  This  machine  was  contrived  for  the  purpose  of  snpersedixig 
manual  labour,  but  the  skill  and  dexterity  of  the  workmen  have  quite  superseded  this 
machinery ;  however  completely  this  and  other  machines  may  do  the  work,  hand 
labour  does  the  work  quicker  and  better,  almost  beyond  comparison.  The  hand 
^iractice  is  as  follows : — 
Olift  links  btnt  axe  casried  to  tho  foige  hearth  to  te  W6ld»d,  aiid  to  ceoeivo  thflir 
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ftto]r  ^  tMo jitipeBMoim  peifbrnMd  at  one  heatinff.  Whenefver  HkB  waldiiig  10  flnidied, 
while  the  mm  k  still  red  hot,  the  link  is  ^aoed  uprisht  npon  the  stake,  i.  ^  the 
shorter  axis  vertical  and  the  longer  axis  (^  the  link  noxizontal;  then  a  woifanan 
introdnoes  the  sta^  with  a  jMiir  of  tongs  or  pincers ;  while  another  woikman  strikes 
down  upon  it.  This  mechanical  compression  first  of  all  joins  perfectly  the  sides  of 
the  link  against  the  coneaye  Mids  of  tne  stay,  and  afterwards  the  retzaetira  of  the  iron 
on  cooling  increases  still  more  this  compression.  If  each  link  be  made  with  the  same 
care,  the  cable  mast  be  sonnd  thronghont.  It  is  not  ddiyered  for  nse,  howerer,  till  it 
be  proved  by  the  hydraulic  press,  at  a  draw-bench  made  on  purpose,  and  examined 
link  by  link,  on  the  side  of  the  machine,  or  on  a  bench  erected  for  the  purpose,  to 
detect  any  flaw  the  strain  may  have  caused. 

The  foUowing  Table  of  compared  materials  and  strains  is  gjven  as  a  matter  of  historical 
eference.  It  is  believed  the  dates  of  the  experiments  are  1816  and  1810 ;  since  then, 
alterations  in  the  make  of  iron,  and  the  intro^iction  of  new  fibres,  as  well  as  hemp, 
render  this  Table  of  value,  as  the  materials  here  employed  were,  no  doubt,  good 
examples,  and  subjected  to  critical  attention : — 

Table  of  Iron  Oabks  as  subetiMedfor  Sbmp,  unth  the  B^rmna  applied  at  that  Date.  ' 


BKm  Gables 

HempOaUes 

Oid  Proof,  by 

Diameter  of  lion  Bod 

Oizomnf erenoe  of  Bope 

Mr.Bnmton 

la/Sbm 

Inohfli 

Tons 

1* 

9 

12 

10 

18 

U 

11 

85 

l| 

12 

82 

18 

86 

V 

14  to  15 

88 

1 

16 

44 

17 

62 

I 

18 

60 

1 

20 

70 

2 

22  to  24 

80 

It  would  be  imprudent  to  put  hemp  cables  to  severer  strains  than  those  indicated  in 
the  Lloyd's  Table,  drawn  up  £rom  experiments ;  but  the  iron  cables  of  the  above  siaes 
will  support  a  double  strain  without  breaking.  They  ought  never,  in  oommon  cases, 
however,  to  be  exposed  to  a  greater  stress.  A  cable  destined  for  ships  of  a  certain 
tonnage  should  not  be  employed  in  those  of  greater  burden.  Thus  treated,  it  may  be 
idways  trusted  to  do  its  duty,  and  will  last  longec  than  the  ship  to  which  it  belongs. 
It  hoB  often  been  stated,  that  chain  cables  possess  double  the  strength  of  the  iron  of 
which  they  are  made,  owing  to  the/otWM  en  the  links  employed :  tms,  however,  is  an 
absurd  error ;  for,  suprpose  the  two  sides  of  a  link  to  be  of  inaoh-iron,  yet  a  part  of  the 
strength  must  be  lost  in  the  bending  of  the  ends,  for  the  straining  force  is  at  right 
angles,  at  the  ends,  to  what  it  is  at  the  side,  or  would  be  exerted  upon  portions  of  straight 
rodjB ;  next,  to  make  a  link,  the  two  ends  have  to  be  joined  by  welmng,  and  wherever 
this  join  is  made,  there  is  eyanr  chance  for  less  union,  said  no  possible  means  of  getting 
the  fibre  to  be  stronger  than  if  they  had  never  been  separated;  stirength  reaUy  must 
be  lost  by  heating  ma  iron  and  shaping  the  link. 

Mr.  Lenox  has  found  in  practice,  H^t  an  inch  bdt  will  bear  21^  tons,  while  the 
inch  cable  will  break  at  84  tons,  and  not  at  the  double  strength,  or  48  tons,  of  two 
lengths  of  straight  iron. 

&ie  of  the  most  valuable  qualities  of  iron  cables  is  thdb?  resisting  latanl  as  w^ 
lo^tudinal  strains,  as  explained  under  >^«.  811  and  813. 

vessels  fbmished  with  chain  caUes  have  been  saved  by  them  fimn  the  most  immi* 
nent  periL  The  '  Henry,'  sent  out  with  army  stores  dnnng  the  Peninsular  war,  waa 
oaudbt  on  the  northern  coast  of  Spain  in  a  finaoB  storm.  She  ran  for  shelter  into 
thelBay  of  Biscay  among  the  rocks,  where  she  was  exposed  for  three  davs  to  the  hur- 
ricane. She  possessed  fortunately  70-&thoms  chain  cables,  which  held  ^ood  all  the 
time,  but  it  was  foxmd  afterwards  to  have  had  the  links  of  its  lower  portion  polished 
bright  by  attrition  against  the  rocky  bottom.  A  hemp  cable  wonld  have  been  speedily 
worn  to  pieces  in  sudi  a  predicament. 

In  the  contracts  for  the  Admiralty  of  chain  cables  for  the  British  Kayy»  it  is  stipu- 
lated that '  the  iron  shall  have  been  manufustured  in  the  best  manner  uom  piff  iron 
smelted  firom  ironstone  only,  and  selected  of  the  best  qualify  for  the  purpose,  luid  shall 
not  have  received  in  anv  process  whatever,  subseouent  to  the  smelting,  the  admSztore 
.  of  either  dodea  or  esncUs  pcodncod  in  the  manu&etiire  of  ireo,  and  shall  also  haie 
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been  paddled  in  the  beet  manner  upon  iron  buttons,  and  at  least  three  times  sufficiently 
drawn  out  at  three  distinct  welding  heats,  and  at  least  twice  properly  fegotted.' 

The  following  is  a  Table  of  the  breaking  proof  of  chain  cables,  and  of  the  iron  for 
the  purpose  of  making  them,  and  the  proofs  required  by  Her  Migesty's  NaTy  for 
chains: — 


RlMOfBolti 

FzoototBolt 

Proof  of  Oudn 

NaTyFrodofCaialn 

Inohfls 

Tonsowts. 

TODl  OWtf. 

TODt 

r 

6      7 

8     11 

H 

8      7 

18      4 

H 

. 

12      1 

19      5 

10 

i ' 

16      4 

26      5 

18{ 

21      S 

84      5 

18 

1. 

27      2 

48    16 

sr 

1 

88     10 

68     11 

1 

40    10 

65      0 

84 

48      4 

77      0 

404 

•  1 

66    11 

90    10 

m 

1 

65     12 

105      0 

65 

1 

75      6 

120     10 

e^ 

2 

85    14 

187      0 

72 

2i 

96     15 

155      0 

81i 

In  these  iron  cables,  the  matter  in  the  link  is  thrown  very  much  into  one  plane ; 
the  link  being  of  an  oval  form,  and  provided  with  a  stay.  As  there  are  emergencies 
in  which  the  cable  must  be  seyered,  this  is  accomijlished  in  those  of  iron  by  means 
of  a  bolt  and  sheckle  (shackle^,  which  is  inserted  in  the  BqyalNaTy  cable  at  the  end 
of  every  12}  &thoms,  and  at  tne  end  of  every  15  &thoms  in  the  merchant  service ; 
so  that  by  striking  out  this  bolt  or  pin,  this  cable  is  parted  with  more  ease  than  a 
hempen  one  can  l^  cut  And  the  iron  cable  can  be  reconnected  when  the  ship  is  clear, 
while  with  the  hempen  cable  it  would  be  necessary  to  cut  it  with  to.  axe,  and  thus  per- 
manently iigure  the  cable.  Mr.  Lenox's  {dan  for  securing  these  bolts  is  now  made 
part  of  the  Government  contracts. 

We  have  avoided  all  relating  to  the  general  history  and  application  of  chain 
cables,  but  in  connection  with  the  following  partionlars,  obtained  from  Brown,  larnxx, 
and  Co.'s  chain  works  at  Millwall,  we  must  admit  the  important  part  performed 
by  this  house  in  the  improvement  <^  this  manufacture.  The  following  remarks  r^er 
to  chain  cables  for  the  Koyal  Navy,  messenger  and  mooring  chains  K>r  the  Trinity 
Corporation,  and  ship  cables  for  merchant  service,  showing;  the  practice  in  1858. 

After  selecting  the  best  iron,  cutting  it  off  into  required  lengths,  and  heating  it  as 
before  described,  the  links  for  chain  cables  may  be  bended  at  the  rate  of  alK>ut  60 
per  minute,  by  machinery  at  Lenox's  works,  in  Wales,  worked  by  water-power, — the 
weldinff  of  the  links  in  all  cases  being  e£Eected  by  hand  labour. 

In  we  practice  with  the  bending  Tnaehine  at  Newbridge  works,  Pont-y-Prid,  Gla- 
morganshire, it  is  as  follows : — ^When  the  iron  is  cut  to  the  requisite  length  for  links, 
£rom  20  to  60  pieces,  according  to  size,  are  put  into  the  ftimace,  and  when  heated,  are 
placed  separately  on  the  bending  mandrel  o  (Jiff.  820)  the  machine  is  set  in  motion, 
and  one  revolution  forms  a  link,  which  is  pinched  off  the  mandrel  by  a  small  crowbar, 
and  another  piece  of  iron  applied,  and  so  on,  until  from  40  to  60  links  are  formed  in 
a  minute. 

The  bending  machine  is  connected  with  a  water-wheel,  or  other  power,  by  an 
ordinary  conning  dutch,  or  box,  vdiich  a  lever  throws  into  and  out  of  gear  at 
pleasure. 

There  is  a  stub  or  knob  of  iron  on  the  mandrel  under  which  the  point  of  the  peoe  of 
iron  to  be  bent  is  fixed :  the  mandrel  being  oval,  or  of  the  inside  shape  of  the  link, 
when  turned,  ^  followed  by  the  roller  above,  and  this,  pressing  upon  the  piece  of  iron, 
forms  it  to  the  shape  of  the  mandreL 

ABO  {/if.  820)  are  standards,  n  connecting-rod,  a  crank  for  lifting,  ff  the  roller  for 
premnng  sides  of  links,  o  mandrel,  h  mandi^  spindle,  i  wheel  for  mandrel  spindle,  j 
pinion  on  main  spindle,  x  crank  spindle. 

The  form  of  the  link,  after  being  bended  into  shape  (Jig.  820)  is  shown  with  the  two 
slantrcut  sur&oes  of  the  ends  to  be  welded  together  and  hammered  into  form. 

For  short  lengths  of  chain  the  bending  may  be  effected  by  hsjid ;  in  this  case  the 
process  is  simple : — ^A  sufficient  length  of  the  best  iron  is  cut  o£^  and,  while  hot,  is 
partially  bent  by  the  workman  over  an  iron  ring,  one  end  of  the  bar  resting  on  the 
.gnmnd;  the  bend  iifioiflhed  nponthe  anvil ;  one  entire  end  of  the  link  if  thus  fonnMl 
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The  tiro  slanting-eat  «nda  an  made  to  atmioach  each  othdr ;  heated  up  toafii^tem- 
peiatiize,  tiie  e^)ert  wodanaii,  by  a  peculiar  bbw,  detaches  the  scales  of  omde,  and 
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instantly  presses  both  sni&ces  tx)gether ;  two  men  then  by  repeated  blows  effect  the 
wielding  junction,  and  thus  the  link  is  formed. 

The  snape  of  the  link,  after  due  consideration  of  the  advantages  of  particular 
patterns,  seems  to  resolye  itself  into  the  decided  preference  for  a  link  of  parallel  sides, 
unchanged  in  form  from  the  round  of  the  iron  employed,  while  the  ends  may  be 
reduced,  somewhat  flattened,  and  increased  in  breaath.  The  links  thus  in  contact 
have  the  pressure  sustained  by  a  greater  breadth  of  surfSace,  and  compression  can 
scarcely  alter  the  form. 

The  length  of  a  good  link  may  be  of  round  iron  6  diameters  in  length  of  link  k  ▲ 
(fy,  828),  and  &om  b  to  b  8*7  to  4  diameters  of  the  iron  rod  employed,  and  1*7  to  2 
diameters  inside. 

The  stub,  staple,  or  cross-bit  is  of  cast  iron,  and  is  placed  across ;  its  use  is  to  pre- 
vent the  sides  m>m  collapsing  by  extension  of  the  chain ;  in  fact,  to  keep  up  a  suc- 
cession of  joints,  and  prevent  the  chain  from  becoming  a  rigid  bar  of  metal. 

The  stud  or  cross-|aece  shown  at  o  is  of  cast  iron,  with  dates  and  marks  upon  the 
surface.  It  is  cast  with  a  hollow  bearing,  having  a  curve  to  receive  the  round  iron  <^ 
the  link;  its  shoulders,  or  featherings  enables  the  workman  to  insert  it  readily,  and  a 
few  blows  upon  the  yielding  iron  g^ve  the  requisite  grip;  and  all  proper  service  only 
tends  more  firmly  to  keep  it  in  position,  very  different  indeed  £rom  the  form  Jig,  812 
which  would  positively  injure  the  link. 

In  aU  cases  this  cross-piece  has  been  of  cast  iron.  Wrought  iron  was  tried,  but  found 
•to  be  too  expensive.  Malleable  iron  has  been  patented,  but  it  is  a  question  whether 
it  can  supersede  common  foundry  iron,  from  the  cheapness  and  facility  of  the  latter. 

The  cables  are  proved  and  tested  by  regulated  strains  brought  to  bear  continuously 
Tip  to  the  proof  strain^  and  then  even  up  to  the  ultimate  destruction  of  some  of  the 
links,  if  the  &ial  strength  or  opposition  to  resistance  is  required  to  be  known.  The 
proof  of  cable  should  be  600  lbs.  for  each  circle  of  iron  \m  of  an  inch  in  diameter. 

The  chain  is  attached  at  one  end  horizontally  to  a  hydraulic  press,  the  other  end  to 
the  enormous  heat  of  a  bent  iron  lever,  whose  power  is  multiplied  by  second  and  third 
iron  levers,  all  woridng  upon  knife-edges,  and  to  the  last  lever  a  scale  pan  is  attached ; 
1  lb.  being  here  placed  is  equivalent  to  a  strain  of  2,240  lbs.  upon  the  bar  or  chain 
that  is  being  tested.  This  machine  of  Brown,  Lenox,  and  Ck>.,  Millwall,  is  more 
powerful  than  that  used  in  the  Boyal  dockyard.  The  proving  machine,  invented  by 
Captain  Brown  in  1818,  was  a  great  step  towards  the  production  of  confidence. 

Li  practice,  length  after  length  is  tried  up  to  the  proof  required ;  when  the  tension 
is  to  be  exerted  to  the  uttermost^  a  few  links  are  taken :  in  such  experiments  it  is  usual 
for  one  link  alone  to  jgive  way,  and  the  strengtJi  of  the  cable  itself  is  iiniiyured  by 
testing  to  find  its  ultimate  stveogth* 
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Fezfeetion  of  pnekioe  is  found  wben  the  link  and  Use  staj  yield  tsffetlier ;  in  tho 
largest  dbain  eables  ever  prodnoed,  snch  weie  the  due  paroportions  and  sjnunetiy  of 
form  affording  equality  of  resistance,  that  th^  cross-pieoe  split  or  broke  at  the  time  the 
link  fmctored  and  opened. 

To  measure  these  chains,  or  be  near  them  when  under  such  tension,  is  not  without 
danger.  The  cable,  on  being  struck,  rings  out  with  strange  shrill  sound,  a  link  may 
suddenly  snap,  the  chain  lashes  about,  and  the  fragments  fiy  to  a  great  distance,  pene- 
trating the  foGtorj  loof  at  times,  and,  at  the  moment  of  fracture,  the  link  becomes 
veiy  hot. 

The  cables  are  usually  told-off  into  lengths.  The  Goyemment  length  is  12^ 
fjEithoms;  for  the  merchant  service  the  length  is  15  f&thoms;  as  explained,  these 
lengths  are  united  by  shackles.  In  the  merchant  service  cable',  larger  links  are 
placed  at  eadi  extremity  for  the  anchor  shackle  to  pass  through,  but  in  the  Boyal 
Navy  cables,  each  letiffth  is  alike  provided  with  large  links ;  thus,  then,  at  any  tame, 
any  end  of  any  length  may  be  placed  to  the  anchor  stock.    See^«.  821,  822. 
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To  obviato  eyils  from  the  twisting  of  the  chain  cable,  swivels  are  inserted :  in  the 
Government  cables,  a  swirel  is  inserted  in  the  middle  of  every  other  length ;  for  the 
merchant  service  there  does  not  appear  to  be  any  precise  rule.  Sometimes  one,  two, 
or  more  swivels  may  be  in  100  fathoms ;  and  in  cheap  chains,  bought  and  judged  by 
weight  and  figures,  no  swivel  whatever  exists  in  the  cable. 

The  eflfect  of  such  twisting^  or  torsion,  is  to  form  a  link,  and  nve  powerful  lateral 
pressure  upon  the  link ;  the  stud  or  eross-pieoe  is  foroed  out,  and  the  link  itself  may 
yield  at  the  moment  that  any  flaw  from  imperfection  of  welding  occurs. 

The  mooring  swivel  is  that  by  which  a  ship  can  ride  with  two  anchors  down  at 
the  same  time  and  two  bridles  on  board  the  ship.  The  mooring  swivel,  being  equal 
in  strength  to  the  two  cables,  is  over  the  bow,  and  enables  the  ship  to  swivel  round 
her  anchors  without  fooling  hawse ;  in  any  direction  the  ship  can  swing  round  this 
swivel  or  point,  leaving  her  anchors  undisturbed,  whereas  hv  two  cables  out,  without 
this,  she  would  require  great  care  to  prevent  them  from  fouling,  and  even  being  lost. 
This  is  an  essential  advantage  of  chain  over  hemp. 

The  splioing  shackle  is  to  unite  or  splice  a  hempen  cable  to  be  used  on  board  ship, 
attached  to  the  chain  cable,  which  lies  on  the  ground  or  bottom,  so  that  the  ressel 
rides  lightly  at  her  anchor,  while  the  iron  chain  cable  preserves  the  hempen  cable 
from  being  destroyed  by  the  rocky  bottom,  and  the  ship  has  the  light  hemp  cable 
rendered  Imoyant  bv  the  water,  which  lifts  portions  of  the  chain  cable  by  the  motions 
of  the  vessd;  and  thus,  the  ship  is  relieved  from  weight  and  the  anchor  from 
jerks. 

The  splicing  shadde,  on  the  Hon.  George  Elliott's  plan«  is  shown  above  (fy,  822). 
The  rope  is  served  round  an  iron  thimble  ▲,  on  the  shackle  b,  with  end  links,  and  en- 
larged links  without  stay-pins  c,d,  leading  to  the  anchor,  while  the  hempen  cable  a 
goes  to  the  ship. 

In  the  Boyal  Navy,  4  cables  are  employed  to  moor  the  ship,  two  being  end  to  end. 

When  the  ships  lay  long  on  certain  shores,  the  pin  or  fastening  often  gets  loose  by 
oonstant  tappings  and  vibnitions  of  the  chain  caUe  on  the  rocky  or  shingly  bottom. 
Hen-of-war  at  some  stations  suffered  severely  in  this  way,  and  the  commander  at 
Malta  had  reason  to  represent  it  as  a  very  serious  matter.  Mr.  Lenox's  phm  for 
•eeuring  the  bolts  and  {dns  is  now  made  a  point  of  oontraot  to  be  adopted  in  idl 
ftstenings  for  the  Boyal  Navy. 

Sinpls  as  it  woold  seem  to  devise  a  plan,  yet  it  was  years  before  all  the  difficulties 
oould  be  surmounted.    This  arrangement  may  4>e  understood  by  refovnoo  to  tlie 
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flgnxo  ot  a  BbAckle  with  linloi,  (^.  823) :  ^t  ■  is  806^  the  apediie  at  right  anglei  to 
the  bolt  F,  (of  oval  iron)  thiotigh  this .  coannel,  out  thzongh  the  shackle  and  the  bolt, 
a  tapering  bat  not  quite  cjlindncal  steel  ^^^ 

pin,  fits  exactly ;  but  does  not  qtdte  pro« 
ceed  thcongh  the  iron ;  it  is  uiown  at 
ffff.  Varioos  plans  nsed  to  be  resorted 
to  beforethis  final  preference;  for  the 
steel  pins,  of  irhatever  ftmnn,  got  loose 
by  repeated  taking  on  the  r^ky  bot- 
tom, or  the  links  upon  each  other. 
Hr.  Lenox  succeeded  in  catting  the 
cayity  at  b  of  the  foEm  of  a  hollow  cone, 
and  to  complete  the  fastening;;  a  pellet 
lor  c^inder  of  lead  that  will  nast  allow 
insertion  at  b  is  driven,  and  then  by 
repeated  blows  the  lead  is  made  to  fill  np 
the  cavity,  the  saperfluons  qnantity  of  lead  being  cat  off  by  the  hammer  at  b.  To  re- 
lease the  bolt  it  is  only  necessaiy  to  find  the  small  space  at  the  small  end  of  the  steel 
pin,  to  insert  a  panch,  and  then,  with  a  few  blows,  the  steel  pin  ^^  is  driven  oat  of 
Its  conical  bearing,  and  itsfiat  top  and  catting  edges  enable  it  to  emerge  again  at  x. 
Being  forced  oat,  the  bolt  f  is  taken  oat,  and  the  chain  seyered  if  reqaired ;  the 
spertare  at  b  can  be  cleared  of  its  lead  by  a  proper  cattlng-oat  tool,  and  the  steel  pin 
replaced  to  make  all  fast. 

This  operation  can  be  effected  on  the  darkest  night ;  the  sailor  can  seyer  the  chain 
cable,  and  thos  when  one  yessel  is  driving  down  apon  another,  more  chain  ma^  be 
attached  to  the  cable  severed,  and  no  harm  done ;  while  with  hempen  cable  it  might 
be  foond  more  than  difficalt,  and  even  impossible,  to  cat  them  in  tune. 

All  the  principles  involved,  and  perfection  of  practice,  in  maldng  chains  and  chain 
cables,  have  recently  been  deeply  considered  and  folly  verified  by  the  firm  of  Brown, 
Lenox,  and  Co.,  Millwall,  who,  for  the  parpose  of  obtaining  comparative  resalts  ap  to 
the  greatest  links  reqaired  for  the  '  Leviathan  '—now  the  '  Gtreat  Eastern,'— selected 
iron  of  the  same  identical  qaality  and  woriced  it  into  rods,  links,  and  chains.  The 
progression  of  resistance  to  increased  strains,  by  increase  of  mass  of  iron,  with  all  the 
mflaences  of  variation  of  make,  flaws  in  the  material,  and  other  drcomstaiices  insepar- 
able from  practice,  were  thns  matters  of  critical  experiment. 

Commencing  with  }  inch  chain,  and  trying  four  links  of  small  chains  np  to  2{ths,  being 
the  largest  diuneter  of  roand  iron  for  the  greatest  cable  links  ever  nitherto  made, 
being  uose  for  the  sheet  anchor  of  the  '  Leviathan,'  ti^dng  the  breaking  strains,  and 
redadng  all  the  links  to  the  proportion  borne  apon  a  drcle  )th  of  an  in(£  in  diuneter, 
the  minimnm  breaking  force  was  796*25  lbs.,  and  the  maximam  1062*8  lbs. 

Sometimes  the  fractare  was  foand  to  be  dei>endent  apon  flaws,  sometimes  from 
over  heating,  or  aneqoal  heating,  and  other  practical  caoses ;  bat  the  whole  series  of 
experiments  was  important  and  interesting. 

The  iron  lengthms  to  the  intense  strains  employed,  long  before  fractare.  The 
comparison  of  actoal  extension,  while  ander  enormoos  force  at  ordinary  temperatares 
was  ascertained  by  the  fallowing  impressive  experiments : — 

The  *  Leviathan,'  second  size  cable  of  2f  diameters  of  iron  employed  in  the  links. 
Three  links  measnred  35^  inches  by  strain  of  10  tons  (of  coarse  it  reqaires  power  to 
extend  them  flurly). 

At   <K)  tons        .       •       •       •    stretched  ^  of  an  inch 
,.85 


(Proof) 


And  broke 


,  110 
,  124 

,  150 

.  160 

170 

,180 


A  few  links  of  the  best  bower  anchor  cable  of  the  *  Leviathan'  taken,  proved,  and 
destroyed. 
Thi»e  links  measozed  at  15  tons  89  inches. 


At  75  tons 

„  125    „ 

(Proof)   „  148}  „ 

„  160    „ 

«  170    » 


stretched  }  of  an  inch. 

»  If  H 

H        2}        „ 

tt  8  n . 
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At  180  tODB 

»>  190  „  . 

>*  200  „  . 

It  bore,,  217  » 

And  broke  „  218  „ 


Biietched  4|  of  an  indu 

u     4     *» 

11       6}        II 


Table  ihaurinff  the  JPrwoimal  JHrnendone  of  the  Common  LinJts,  Wriffhis,  and  Scale  qf 
Proqffor  Chain  Cables  to  be  supplied  to  Her  Mc^eettfe  Navy. 


CtomoH  lOBXB 


Diameter  of 

Iron  of  Gom- 

mom  LiiikB 


Mean  Length, 

6Diam0tenoC 

Izon,  not  to  vaxy 

morethanAoC  a 

Diameter 


Mean  Width  oC 
Links,  8*6  Dia- 


Welffht  of  100  Eathoms  of 
Cable  in  8  Length!,  in- 

<dnding8  j<i|"^"g  P**fw1irlfli 
and  4  Swivela,  not  to  be  ex- 
ceeded l^  moie  than  ^ 


Wd^itibT 

whiohtobe 

proved  eqnal  to 

6S0]be.perOir- 

onlarlof  I»^ 


Inchea 

8-1 

7-66 

7-2 

6-76 

6*8 

6*85 

6-4 

4*95 

4*5 

4*05 

8*60 

8*15 

2-7 

2*457 

2*25 

2*025 

1*8 

1-575 


'Owti.  gta.   Ibi. 
248      0      0 


216 

192 

168 

147 

126 

108 

90 

75 

60 

48 

86 

27 

22 

18 

15 

12 

9 


Tons 

9U 

8lJ 

72 

68^ 

5^ 

47 

40^ 

84 


2  21 

8  0 

0  21 

0  0 

0  21 


2! 
18 

10! 


Aa  the  merchant  marine  may  freqnently  be  called  npoii  for  public  service,  it  may  be 
lueful  to  know  the  particalars,  which  are  promnlf^ated  ^m  Lloyd's.  A  cludn  cable 
seldom  breaks  with  the  du^  assigned,  if  proportioned  to  the  tonnage,  if  the  iron  be 
loand  and  the  workmanship  good. 

In  1871  and  1872  we  exported  of  anohorsi  grapnels,  chains,  and  cables  as  follows : — 


1871 

1872 

^ona 

Yaloe 

Tons 

Yaloe 

ToBossia. 

682 

£11,588 

„  Sweden        .        .        , 

814 

5,181 

704 

£12,828 

„  Norway        . 

1,286 

19,155 

1,271 

24,955 

„  Denmaric      . 

564 

7,014 

— 

— 

"  2?!?*^y  • 

4»627 

66,858 

2,869 

47.285 

„  HoUand 

667 

11,220 

461 

10,109 

„  France 

285 

5,260 

.. 

_ 

„  Spain  and  the  Canaries 

242 

4,162 





„  Italy    .        .        .        . 

2,284 

81,289 

1,788 

82,220 

„  AnstEian  Territories     . 

815 

11,488 

827 

19,807 

„  Greece .        •        •        « 

859 

4,658 

„  Turkey  Proper     . 
„  United  States,  Atlantic 

581 

8,911 





8,874 

66,970 

4,056 

98,541 

„       „         „     Paciflc  . 

187 

2,180 

240 

5,695 

„  Braril .... 

668 

9,952 

822 

15,638 

„  British  India,  Bengal\ 
andBuzmah          J 

189 

8,163 

— 

— 

„  Australia      . 

661 

11,029 

564 

14,618 

„  British  N.  America       . 

4,298 

59,178 

4,189     ' 

88,899 

„  Other  oonntries    • 

Total      .       .       . 

2,586 

89,472 

4,800 

96,882 

24,964 

878,573 

21,586 

462.477^ 
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In  the  081110  yaani  we  eipovied  of  'oordage,  cables,  and  ropee  of  hemp  or  like 
materiaV  to  nearly  the  same  ooontriee  as  aboye:— In  1871|  181,882  owts.,  valued  at 
866,366^. ;  and  in  1872,  189,088  cwts.,  Talned  at  403,119;. 

It  is  much  to  be  regretted  that  we  are  nnable  to  separate  the  anchors  fh>m  the 
chains  and  cables. 

Weights  of  Ordinary  AnehorSf  Sizes  and  Lengths  qf  Cham  Cables,  and  Siges  and 
Lengths  of  Hawsers  and  Warps,  to  be  recommended  when  the  Surveyors  are  a^pptkd 
to  ty  Ship  Builders  and  Ship  Owners, 


50 

76 

100 

150 

200 

250 

300 

850 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1400 

1600 

1800 

2000 


Anohqbs 


Nnmber 


Weight 


Owta. 
8 
4 
6 
8 
10 
18 
15 
17 
19 
23 
26 
29 
81 
33 
85 
87 
89 
41 
43 
45 
47 


OwtB. 

4 
5 
7 

10 
12 
15 
17 
20 
22 
26 
80 
84 
86 
89 
41 
44 
46 
48 
50 
52 
54 


Owts. 

!} 

8i 
H 
5 
6 

9 
10 
11 
12 
12 
12 
12 
12 
12 
14 
14 
14 


Owts. 


Cwti. 


Oehnb 


In  oh 


FMhmSi 
120 
120 
150 
180 
180 
200 
200 
240 
240 
270 
270 
800 
300 
800 
800 
800 
800 
300 
800 
800 
800 


Eawsebs  ahd  Wabfs 


Inch 
5 
5 

6 

6J 
7 

!t 

8 
9 

H 
10 
10 
10 
10 
10 
10 
10 

11 
11 
11 


Inch 
3 
3 
3 
4 
4 
5 

8 

6 

7 

7 

8 

8 

9 

9 

9, 

9; 
10 
lOi 
11 
11 


Inch 


*  The  stream  cables  may  be  of  iron,  of  pn^rtlonate  sises.' 

See  OoiBb  HsofP,  Wntn  Bofb. 

GAOAO  {pommonly,  but  ijnproperh/  Gocoa).  The  seeds  of  the  Theobrotna  Cacao  (or 
'  Food  of  the  Gods,'  as  linnsens  named  the  tree).  Thej  are  imported  from  the  West 
Indies,  the  Caracas,  &om  Brazil  and  some  other  parts  of  America.  The  seeds  are 
oval,  large  as  an  olive,  obtose  at  each  end.  Simply  torrified  and  bruised  they  con- 
stitute the  OoooA  of  the  shops,  but  firequeutly  tius  is  made  firom  the  fragments  of  the 
eeed-eoats,  which  impart  to  the  preparation  an  astringent  property.  "V^en  the  care- 
folly  prepared  seeds  are  ground  into  a  paste,  sweetened,  and  flavoured  with  vanilla  or 
cinnamon,  it  constitutes  Chogoiatb  {ohocdata),  which  furnishes  a  nourishing  beverage. 

Cacao  contains  an  active  principle  called  theobromine,  similar  in  its  properties  to 
theine  and  caffeine,  the  alkaloids  in  tea  and  coffee.  A  fatty  or  oily  matter,  called 
butter  of  cacao,  is  also  present  in  the  cocoa-seeds  to  the  extent  of  one-half  their  weight. 

In  1871  we  imported  of  cocoa-seeds  17,868,802  lbs.  of  the  value  of  594,622^. ;  of 
the  husks  and  shells,  10,538  cwto.,  valued  at  11,080/.  ;'and  of  cocoa-paste  or  chocolate, 
78,501  lbs.,  valued  at  7,284/.  And  in  1872  15,044,184  lbs.  of  cocoa,  valued  at 
467,144/. ;  8,725  cwte.  of  husks  and  shells,  valued  at  8,555/. ;  and  of  coooa-pasto  or 
chocolate,  102,428  lbs.  valued  at  9,847/. 

Ysom  June  1858,  the  duty  on  the  seeds  has  been  \d.  per  lb.,  on  the  husks  and 
shells,  2s,  per  cwt.,  and  on  the  paste  or  chocolate,  2d.  per  lb. 

Cocoa  or  Cacao  must  not  be  confounded  with  Coca,  a  narcotic  plant  chewed  by  the 
Indians  of  South  America,  or  Coco,  one  of  the  Jracea,  the  underground  stems  of  which 
are  used  as  food.    Se  Coca  and  Coco. 

OAOBAlkOT.  A  name  for  the  sperm  whale  (J^seter  macrocephahu).  This 
whale  yields  sperm-oil,  spermaceti,  and  ambergris. 

#t^<fc«gTA-  q;]xe  Cadmia  Arabibus  of  old  writers  was  the  ancient  name  of  Cala- 
mine,  the  /apis  oalmmans  ol-the  older  chemiste.    See  Watson's  *  Chemical  Essays.* 
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CAamnnff.  {Symbol,  Od. ;  AUmio  weight,  66.)  A  nwtal  duworeMd  by  Stro- 
mejer  about  the  b€^miiing  of  the  year  1818.  It  deriyeB  the  name  Cadmi/um  firom 
Cadmiafosailis—ek  denomiDation  by  which  the  common  ozes  of  adnc  were  formerly  dis- 
tingoished.  It  occurs  chiefly  in  Silesia  in  severs^  ores  of  zinc,  and  may  be  readily 
recdignised  by  means  of  the  blowpipe ;  for,  at  the  first  impression  of  the  redncing 
or  smo^  part  of  the  flame,  the  ores  containing  cadminm  stain  the  charcoal  all  round 
tiiem  with  a  reddish-yellow  circle  of  oxide  of  cadmium.  The  Silesian  native  oxide 
of  sine  contains  from  1|  to  1 1  per  cent  of  cadmium*  The  only  natiye  compound  of 
cadmium  is  the  sulphide  callea  Qreenoekite,    Bee  CbtsBNOCKiTB. 

Cadmium  may  be  extracted  by  dissolving  the  ores  containing  it  in  sulphuric  add, 
leaving  the  solution  acidulous,  and  diluting  it  with  water,  then  tiansmittmg  through 
it  a  stream  of  sulphuretted  Ir^drogen,  till  the  yellow  precipitate  ceases  to  fi&U.  l^e 
powder,  which  is  sulphide  of  cadmium,  is  to  be  dissolved  in  concentrated  muriatic 
acid,  the  excess  of  which  is  to  be  expelled  bv  evaporation ;  and  the  salt  being  dis- 
solved in  water,  carbonate  of  ammonia  is  adoed  in  excess ;  cadmium  separates  as  a 
carbonate,  while  the  adhering  copper  or  sine  is  retained  in  solution  by  the  ammonia. 
Herapath  has  shown  that,  in  distilling  zinc  per  desceruumf  the  first  portions  of 
gaseous  metal  which  are  disengaged  bum  with  a  brown  fiame  and  deposit  the  brown 
oxide  of  cadmiunL    See  Znra 

Cadmium  has  the  colour  and  lustre  of  tin,  and  is  susceptible  of  a  fine  polish.  Its 
fracture  is  fibrous ;  it  crystallises  readily  in  regular  octahedrons:  and  when  it  sud- 
denly solidifies,  its  surface  gets  covered  with  fine  mossy  vegetations.  It  is  8oft>  easily 
bent,  filed,  and  cut,  soils  like  lead  an^  suifktce  rubbed  with  it  It  is  harder  and  more 
tenacious  than  tin,  and  emits  a  crealong  sound  when  bent,  like  that  metal.  It  is  very 
ductile,  and  may  be  drawn  out  in  fine  wira^  and  hammered  into  thin  leaves,  without 
cracking  at  the  edges.  Its  specific  gravity,  after  being  merely  melted,  is  8*604 ;  and 
8*6944  after  it  has  been  hammered.  It  is  yerj  fusible,  melting  at  a  heat  much  under 
redness ;  indeed,  at  a  temperature  little  exeeeding  that  of  boiling  mercury,  it  bcnls  and 
distils  over  in  drops.  Its  vapours  have  no  smell.  It  is  bnt  slightly  altered  by  expo- 
sure to  air.  When  heated  in  the  atmosphere  it  readily  takes  nre  and  bums  with  a 
brownish-yellow  smoke,  whidi  is  destitute  of  smell.  In  strong  acids  it  dissolves  with 
disengagement  of  hydrcM|;en,  and  forms  colourless  solutions.  Chromate  of  potash 
causes  no  precipitate  in  them,  unless  zinc  or  lead  be  present. 

There  are  two  oxides  of  caidmium:  a  suboxide  Cd'O  and  a  protoxide  GdO.  The 
protoxide  is  a  brown  powder  obtained  by  igniting  the  metal,  or  by  heating  its  carbonate 
or  nitrate.  It  is  neither  fusible  nor  volatile  at  a  very  high  temperature.  When  in 
the  state  of  a  hydrate,  it  is  white.  This  oxide  of  cadmium  consists  c^  87*45  parts  of 
metal  and  12-66  oxygen,  in  100  parts.  The  other,  or  euboxide  qf  cadmium,  is  ob- 
tained by  heating  the  oxalate  of  cadmium  to  about  the  melting  point  of  lead.  It  is 
a  green  powder  resembling  oxide  of  chromium. 

OimUffUfM,  AJJLOTB  OV«  One  hundred  parts  of  ooppto  at  a  red  heat 
combine  with  eig^t^-two  parts  of  cadmium.  This  alloy  is  of  a  yellowish-white  cdour. 
Platinum  at  a  red  heat  will  take  up  117  parts  of  cadmium.  Tms  alloy  is  silver  white, 
very  brittle,  and  refractoiv  in  the  fire.  With  mercury,  cadmium  forms  a  hard,  brittle, 
white  amalgam.    These  alloyB  have  no  commercial  value  or  manu&cturing  interest. 

S^ne  of  uie  alloys  of  cadmium  are  remarkable  for  their  f^bility ;  thus,  an  alloy 
of  1  part  cadmium,  6  parts  of  lead,  and  7  of  bismuth  melts  at  180°  F.,  or  considerably 
below  the  temperature  of  boiling  water.  Alloys  containing  <*i>/^TOimt^  iiave  been  used 
for  stopping  teeth. 

OABMZUMy  BAX/TB  OV«  Bromide,  chloride,  iodide,  and  sulphate  of  cadmium 
have  been  prepared  and  examined,  but  wilJi  the  exception  of  the  use  of  the  bromide 
and  iodide  in  photography,  none  of  these  salts  are  of  any  importance  in  the  arts. 
The  sulphate  has  been  applied  to  the  eyes  by  suxgeons  to  remove  specks  on  the  cornea. 
— See  "WattB*s  *  Dictionary  of  Chemistry.' 

O ABMZUlf  TBXAO'Vr  or  OASMZUlf  SVUrBZBa.  The  artificial  sulphide 
of  cadmium  is  prepared  by  fusing  cadmium  with  sulphur,  bjr  igniting  cadmic  oxide 
^protoxide  of  cadmiimi)  with  sulphur,  or  it  is  precipitated  in  yellow  flakes,  as  a 
hydrate,  when  sulphuretted  hydrogen  or  an  alkaline  hydrosul|^te  is  brought  in  contact 
with  a  cadmium  aalt.  This  rorms  the  piment cadmium  yellow,  orjatmebr^ianL  Tho 
sulphide  occurs  native  as  Oreenookite,    See  Gbbbkogeitb. 

OAMM  MTOWnL  A  variety  of  Oolitio  limestone,  which  is  largely  qnamed  at 
Caen  in  Normandy,  and  which  has  been  used  for  a  long  period  in  Gothic  ehuzches  and 
other  buildings.    See  Ooutio  LnoiSTOMB. 

OjmvxAUll.  A  bine  pigment*  consisting  of  stannate  of  pgotoodd  of  oobalt^ 
mixed  irith  stannic  add  and  sulphate  of  lime. 

OJmaXUWKm  (Symbol,  OB.;Momio  weight,  ISZ.)  One  of  the  new  metals  diseoveired 
by  aid  of  the  speebnun  analysis  in  1860  bj  Sizchoff  and  Aumd.    It  has  not  been 
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iMmd  an^is  mufKuywi^  Bubidiuk.  Its  name  is  darirad  froia  Mtiii#»  'tkj- 
blue,'  which  colour  it  impazts  to  flame,  and  when  its  radiations  are  decomposed  by  a 
prism,  it  giTes  two  Une  fines,  one  rather  faint  in  the  middle  of  the  bine  space  of  the 
ordinaiy  solar  speotram,  and  the  other  brighter,  situated  towards  the  violet  end. 

Oesinm  waa  first  detscted  in  the  mineral  water  of  Dnrkhaim,  tea  kUogrammes 
(about  two  pounds  and  a  quarter)  of  which  ccmtained  not  quite  two  milligrammes 
(0*015  giain).  It  has  since  been  detected  in  the  waters  of  Kpentnith,  and  in  those 
of  Baden-Baden,  Bourbonne-les-Bains,  Hante-Mame ;  in  the  salines  of  Aussee ;  and 
in  the  lepidolite  or  fithium-mica  of  Zinnwald,  of  Boaena,  and  of  Hebrcm  in  Maine, 
United  States.  But  the  most  abundant  source  of  caesium  yet  disooyered  is  a  rare 
mineral  found  inElba,  and  known  as  Bolkuf ;  Fisani  has  found  as  much  as  82  per 
cent,  of  csBsium  in  this  mineral. 

Pure  metallic  csesium  has  not  yet  been  obtained ;  but  an  amalgam  of  casinm  can 
be  procured  by  electrolysing  a  solution  of  chloride  of  cssium,  vsutfr  meatary  as  the 
negative  pole.    For  the  salts  of  C8B6ium«  see  Watts's  'IMctionary  of  Ghemistxy.' 

OAVranra.  0*H«NK)*(0<X*«>0).  a  weak  alkaloid  diseoverwl  in  cofie.  It 
is  white,  cryst^lisable  in  silky  needles,  Visible,  volatile,  and  soluble  in  water,  alcohol, 
and  ether.    It  is  identical  witti  Thtime  and  with  Ommmin. 

According  to  Bobiquet,  the  proportion  of  caflbine  in  1,000  of  coffiM  is  as  follows :— < 
Hartinique  6*4,  Alexandrian  4*4,  Java  4*4,  Mocha  4,  Oayenne  8*8,  St.  Domingo  8*2. 
It  is  proiiable  that  0*64  per  cent  is  an  ordinary  proportion.  According  to  lieUg,  the 
proportions  are  per  lb. :  Martinique  82  gr.,  Aleiandrian  22,  Java  22,  Modia  20, 
Cayenne  19,  St  Domingo  16.  To  obtain  cafifoine,  H.  J.  Versman  of  Lobeck  mixes 
10  lbs.  of  bruised  raw  cofibe  with  2  of  lime,  made  previously  into  hvdiate ;  treats  the 
mixture  in  a  displaeement  apparatus  with  alcohol  of  80^  till  the  nuid  irikieh  passes 
throng^  no  looser  furnishes  evidence  of  the  presence  of  caflbine.  The  eoflbe  is  then 
rou^^  ground  and  brought  nearly  to  the  state  of  a  powder,  and  the  refuse  of  the 
once  digeked  mixture  ^m  the  displaeement  apparatus,  dried  and  ground  again,  and 
mixed  with  hydrate  of  lime,  is  once  more  macerated.  The  grinding  is  more  easily 
efifected  after  the  coflbe  has  been  subjected  to  the  operataon  of  alcohol,  having  lost  its 
homy  quality,  and  the  caflaine  is  thus  more  certainly  extracted.  The  bri^t  alodholie 
li^d  thus  <H>tained  is  then  to  be  distilled,  and  the  reftise  in  the  retort  to  be  washed 
with  warm  water  to  separate  the  oil.  The  fluid  is  now  evaporated  into  a  crystaUine 
mass,  filtered,  and  expressed.  The  impure  calfeine  is  freed  from  oil  by  pressure 
between  folds  of  blottmg-paper,  purified  by  solution  in  water  with  animal  charcoal, 
and  is  thus  obtained  in  ^ning  white  sill^  crystals.    See  Thxuib  and  (foiBAMiN. 

CUknaoVB.  The  aromatic  prinei^  d  coffee  is  so  called.  It  is  a  brown  oil 
heavier  than  water,  and  slightly  soluble  m  that  flnid  when  boiUng.  It  is  prepared  by 
distal  ling  cofibe  wit^  water,  agitating  the  distillate  with  ether,  and  evaporating  tfa[e 
ether.    Considerably  less  than  a  grain  will  flavour  a  pint  or  two  of  water. 

OASOW  nrs.  The  fruits  of  AUaUa  funffera,  the  jL  eokune  of  Martins. 
The  tree  producing  these  nuts  is  a  plume-like  ^alm,  a  native  of  Honduras.  The  nuts 
grow  in  clusters  like  bunches  of  grapes.  An  oil  is  extracted  from  these  nuts  l^  ex- 
pression equal  to  that  of  the  ooooa-nnt.    See  Ooooa-Nut. 

CAIva*  The  Braiilian  name  for  the  American  oil-palm,  EUris  meUmocoooa,  Of 
its  very  long  leaves  tiie  Brasilians  make  ropes,  and  its  expressed  oil  is  much  used  by 
them.    See  Elsis  and  Palm  Oil. 

OAnuroOBX,  or  OAnuroOSUlK,  is  the  name  generally  applied  to  the  more 
pellucid  and  paler  coloured  varieties  of  smoky  quarts,  with  a  tint  resembling  that  of 
sherry  or  amber.  It  is  so  called  from  the  district  of  Caimgorum,  or  the  <  Blue  Moun- 
tain,' in  the  south-west  of  Ban£^  where  these  crystals  are  frequently  found.  When 
of  a  good  colour,  this  civstal  is  made  into  ornaments,  and  used  for  jewellsiy ;  indeed, 
so  great  a  fiavourite  is  tne  Oaimgorum  with  the  people  of  Scotland,  that  brooches,  pins, 
bracelets,  and  a  variety  of  ornaments,  are  made  wita  this  stone,  for  use  by  all  classes, 

OAIXrwUT  OZli  is  obtained  from  the  leaves  of  the  tree  called  Mdamtott  minor ^ 
which  grows  upon  the  mountains  of  Amboyna,  and  in  other  of  the  Molueea  Islands. 
It  is  prociaed  b^  distillation  of  the  dried  leaves  with  water,  is  prepared  in  great 
quantities  in  the  island  of  Banda,  and  sent  to  Holland  in  copper  flasks :  henee,  as  it 
comes  to  us,  it  has  a  green  colour. — Urt,  M.  Gfoibort  appears  to  have  detected  cop- 
per in  several  sarnies  of  cajuput  oiL  Pereira  says,  *  All  the  samples  of  the  oil 
whidi  I  have  examined,  though  green,  were  quite  devoid  of  copper ; '  and  Mr.  Brande 
observes,  that  none  of  the  samj^es  which  he  has  examined  nave  contained  even  a 
trace  df  copper.  It  is  very  limpid,  lighter  than  water,  of  a  strong  smell  resembling 
camphor,  ^d  pungent  taste  like  cardamoms.  In  1831,  oil  of  oiguput  was  greatly 
extolled  as  a  remedy  for  cholera ;  and  to  meet  the  sudden  and  lar^  demand,  various 
adulterations  and  imitsifcions  were  introdnaed.  One  of  these  consisted  of  oil  <xf  rose- 
mazy,  flavomeed  v^  cardamoms  or  oil  of  oardamoms,  and  coloured.    Aooording  to 
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BUmdiet,  the  oom^tion  of  oil  of  cajupnt  im,  carbon  77*92,  liTdiogen  11*69,  oiygen 
10*89.    It  is  vBod  in  medicine  as  a  stimulant.    See  Oils,  ErHraaous. 

OAXZVO  OOAIi.  A  coal  which  fuses  together  when  heated.  All  the  caking 
coals  are  bituminous,  and  usually  make  good  coke.    See  Coal, 

OA&  or  XA&,  s<Knetimes  OATiTiMW«  A  miner's  term  for  iron  ochre,  espedallj 
in  St  Just  in  Cornwall.    Hie  term  is  sometimes  applied  to  Wolfinm. 

OA&ABA-TRBBy  Calophf/Uwn  CalabOt  so  called  from  the  beauty  of  its  leaves. 
Fiom  the  roots  of  several  species  an  oil  is  expressed,  which  is  used  for  burning  in  lamps, 
and  firom  the  incised  trunk  a  resin  is  obtained,  whidi  is  known  in  commerce  by  tne 
name  of  Tacamahaca  gum.  The  true  calaba  tree  is  a  native  of  the  Caribbee  Islands ; 
it  glows  to  the  height  of  sixty  feet,  and  its  wood  is  much  valued  for  staves  and  for 


OitTiA»lim  Bmav.    See  Obobai.  Bban. 

r  ^  *•  ^  *■  ^m-iw  w  The  skin  of  the  Siberian  squirrelis  sometimes  BO  called.  It 
is  imported  and  used  for  making  mu£b  and  trimmings. 

1*^Tf^^^*^**-  The  pericarp  of  the  fruit  of  the  Calabash  tree,  one  of  the 
J3ignoniae$a  (Crewentia  ei/^eU).  It  is  a  native  of  the  tropical  regions  of  America, 
and  produces  a  melon-like  fruit,  containing  a  slightly  acid  pulp,  which  is  sometimes 
eaten.  After  the  removal  of  the  pulp,  the  pericarp  is  used  for  cups,  bottles,  baskets,  &c 

OA&JLITB.    See  Tijbquois. 

CA&ABIAVOO.  A  sort  of  woollen  stuff  of  a  shining  appearance,  cheq[n6red  in 
the  warp,  so  that  the  checks  are  seen  only  upon  one  side. 

^^*-^**^  "  ■fcMm-  ^  wood,  the  produce  of  a  species  of  Liaspyroi,  from  Ceylon. 
See  CoBOMAHPitL. 

Oiil»hMlMM»  Unfortunately,  there  is  some  conftision  among  mineralogists  in 
the  application  of  this  term.  It  api^ears  that  the  Lapis  ealaminaris  of  the  older 
writers  included  two  distinct  ores  of  zino — ^the  carbonate  and  the  hydrous  silicate.  In 
the  early  part  of  this  century  Smithson  pointed  out  the  differonces  between  the  two 
species.  Brongniart  soon  afterwards  gave  the  name  of  Calamine  to  the  silicate,  and 
several  years  later  Beudant  proposed  the  term  Smithsonite  for  the  carbonate.  This 
usage  of  the  names  is  still  retained  by  Dana  and  by  certain  Continental  writers,  but 
English  mineralogists  have  been  accustomed  to  reverse  this  use  of  the  terms.  In  ihia 
comtry,  theriiforej  the  oarbonate  of  sine  U  inwmably  distinguished  as  calamine^  whilst 
the  silicate  is  known  as  Smithsonite  or  Electric  Calamine.    See  Zmc. 

OhlthMlMMf  BiaOTBIO. — ^Hydrous  silicate  of  zinc,  known  otherwise  as 
BmUhsomte  or  Bemmorphite.  The  term  *  electric,*  applied  to  this  mineral,  refers  to 
its  pyroelectrio  properties,  or  its  power  of  exhibiting  electric  polaritv  when  heated,  the 
two  extremities  of  a  heated  crystal  assuming  opposite  electrical  conditions. 

Oilli/MnFM  (nccUiycos,  a  reed),  A  genus  of  plants  belonging  to  the  palm  tribe. 
The  C  Botang  and  C.  Soipionwn  aro  mentioned  as  two  species  whidi  produce  the 
Kattan  canes  of  commerce.  The  Dragon's  Blood  of  commerce  is  obtained  from 
the  C  DracOt  a  native  of  Sumatra  and  Borneo.    See  Dbaoon's  Blood  ;  Battak. 

OAXhASttm  ABOMATZOVS.  The  Aoorus,  or  sweet  Flag.  The  drug  sold 
under  this  name  in  our  shops  is  the  produce  of  the  Aeorus  calamus.  The  plant  is  a 
native  of  this  country,  of  various  parts  of  Europe,  and  of  India.  The  Indian  variety 
furnishes  afunous  medicine  in  the  Levant,  while  the  Turks  candy  it  and  regard  it  as 
a  romedy  against  contagion.  The  rushes  which  wero  formerly  strewn  over  the  floors 
of  rooms  wero  the  leaves  of  this  plant.  It  has  been  said  that  the  Aeorus  calamus  is 
sometimes  employed  in  rectif^ng  ^n.  By  distillation  it  yields  a  volatile  oil  used 
in  scenting  Bwm,  and  in  the  production  of  aromatic  vinegar. 

OA&OAITTKUM.    See  Chaloamthum. 

OAZiOJkS.  A  name  given  by  glass-makers  to  a  small  furnace— in  which  the 
flrst  calcination  is  made  of  sand  and  potash — ^for  the  formation  of  hjrit,  from  ^^ch 
glass  is  made.  

OAliOAXBOVA  MAMTM  {Terre  calcaire,  Fr.;  Kalkerde,  Ger.)  commonly 
denotes  lime,  in  any  form ;  but,  properly  speaking,  it  is  puro  lime.  This  term  is  fre- 
quenUy  applied  to  marl,  and  to  earths  containing  a  consiaerable  quantity  of  lime. 

OAlbO ASaoVA  SVJkS.  Crystallised  native  carbonate  of  lime,  of  which  thero 
aro  many  varieties. 

Carbonic  add  44*0,  lime  56*0,  may  be  ro^;ard6d  as  the  usual  composition  of  calc 
spar;  it  often  contains  impurities  upon  which  depend  the  colours  assumed  by  the 
crystaL  The  carbonates  of  lime  aro  extensively  distributed  in  nature,  as  marbles, 
chalk,  &;c.    See  Icmlajxd  Spab,  Mabblb,  &c 

OAZiOASaoini  TWA.  This  term  is  applied  to  varieties  of  carbonates  of  lime, 
formed  by  the  evaporation  of  water  containing  that  mineral  in  solution. 

It  is  formed  in  fissures  and  caves  in  limestone  rocks,  about  the  benders  of  lakes,  and 
«ear  springs,  the  waters  of  which  aro  impc^gnated  -with  lime.    In  the  latter  oases  itif 
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frequently  deposited  upon  fihellfi,  moss,  and  other  plants,  -wiiich  it  coren  with  a  cal- 
careous (Tost,  producing  frequently  a  perfect  representation  in  stone  of  the  substance 
80  enveloped.— H^W.  B. 

OAAOMPO»T«    See  Ohalcbdomt. 

<JAXiCaaiO VTZ«    See  Ohalcedohtx. 

O A&oor ATZOV  {from  Calcine).  The  operation  of  expelling  from  a  substance, 
by  heat,  either  -water  or  volatile  -water  combined  with  it  Thus,  Qie  process  of  burn- 
ing lime,  to  expel  the  carbonic  add,  is  one  of  calcination.  The  result  of  exposing  the 
carbonate  of  magnesia  to  heat,  and  the  removal  of  its  carbonic  add,  is  the  production 
of  calcined  magnesia.  The  term  was,  bv  the  earlier  chemists,  applied  only  when  the 
substance  exposed  to  heat  was  reduced  to  a  calx,  or  to  a  friable  powder,  this  bans 
frequently  the  oxide  of  a  metaL  It  is  now,  however,  used  when  any  body  is  subjectea 
even  to  a  process  of  roasting. 

OAZiOSVByBB.  A  name  given  by  Brongniart  to  a  compound  oif  granular  lime- 
stone  with  garnet  or  felspar,  usually  porphyritic 

O AXOSTB.    Oiystallised  carbonate  of  lime.    See  Icblaiid  Sfab. 

CA&CZUM  {^Symbol,  Ca. ;  Atomic  weight,  20.)  The  metal  contained  in  the  oxide 
well  known  as  lime.  It  was  first  obtained  by  Davv,  in  1808,  by  the  electrolysis  of  the 
hydrate,  carbonate,  chloride,  or  nitrate  of  lime.  Duitthiessen  obtained  it  by  heating, 
in  a  porcelain  crudble,  a  mixture  of  two  atoms  of  chloride  of  caldum  with  one  of  chlo- 
ride of  strontium,  and  a  small  quantity  of  chloride  of  ammonium,  until  the  latter  is 
volatilised.  The  current  ^m  six  cells  of  Bunsen's  battery  is  then  sent  through  the 
mixture  by  a  charcoal  pole  of  as  large  size  as  possible,  and  a  piece  of  iron  pianoforte 
wire  (No.  6),  not  more  than  two  lines  in  length,  whidi  is  umted  with  the  negative 
pole  of  the  battery  bv  means  of  a  stronger  line  reaching  dose  to  the  surface.  A  small 
crust  is  to  be  formea  round  the  wire  at  the  surface.  To  collect  the  small  globules 
deposited  on  the  wire,  the  latter  must  be  taken  out  every  two  or  three  minutes, 
together  with  the  crust  The  globules  are  crushed  in  a  mortar,  and  the  flattened 
granules  are  then  picked  out  Caldum  is  a  brilliant  pale  yellow  metal,  malleable 
and  ductile.    See  iooL 

OA&CXVIK,  OX&oaZDa  or.  Ca  CI  (OaOl*).  A  deliquescent  salt  readily 
obtained  by  dissolving  chalk  in  hydrochloric  add.  A  saturated  solution  boils  at  855^  F., 
and  is  therefore  sometimes  employed  as  a  bath  where  such  a  temperature  is  required. 
The  hydrated  chloride,  obtained  by  evaporation  of  the  solution,  causes  great  degression 
of  temperature  when  dissolved  in  water ;  hence  itfi  use  in  certain  freezing  mixtures. 
Mercury  may  be  £rozen  by  means  of  a  mixture  of  crystallised  chloride  of  caldum  and 
snow.  The  anhydrous  sidt  obtained  by  heating  the^  hydrate,  is  extremely  deliquescent, 
and  is  therefore  used  as  a  dedccating  agent  After  exposure  to  sunlight,  the  chloride 
appears  luminous  in  the  dark,  and  was  formerly  called  H<mber&s  Phoephorue. 

OJL^CXUWKt  WUJOMXDm  OV.  CaF  {O^Jt*).  This  salt  occurs  in  the  bones 
and  teeth  of  animals,  and  in  minute  quantity  m  sea-water,  and  in  the  water  of  certain 
springs.    It  is  foimd  native  as  Fluor  Spar. 

OASbOXVIK,  OXIBS  OV.    See  Limb. 

OAJUCXUMt  PBOSPHZSa  OV.  Bpr  distilling  phosphorus  over  lime  at  a  low 
red  heat,  an  impure  phosphide  of  caldum  is  obtained.  This  salt  when  thrown  into 
water,  evolves  phosphuretted  hydrogen,  which  is  spontaneously  imflammable.  After 
the  phosphide  nas  oeen  slaked,  by  exposure  to  a  moist  atmosphere,  it  also  yields 
phosphuretted  hydrogen  when  brought  in  contact  with  water,  but  the  gas  thus  ob- 
tained does  not  ignite  spontaneously.  * 

OA&OZUM,  AU&VBZBaa  or.  Several  sulphides  of  caldum  are  known,  but 
are  of  no  importance  in  the  arts.  Canton* t  Phoephorue  is  an  impure  sulphide,  ob- 
tained by  caldning  oyster-shells,  and  heating  the  product  with  one-third  of  its  weight 
of  flowers  of  sulphur,  in  a  dosed  crudble. 

ClA3bO-SZVTaB.  The  incrustations  of  carbonate  of  lime  upon  the  ground,  or  the 
pendulous  conical  pieces  called  stalactites,  attached  to  the  rodb  of  caverns,  are  so 
called. 

O A&CMiV JJt.    Crystallised  carbonate  of  lime  or  ealdte. 

CAXiOinbirs.  The  stonv-looking  morbid  concretion  occasionally  fbrmed  in  the 
bladders  and  other  parts  of  living  animals.  Its  examination  bdongs  to  medical 
chemistry. 

CAUIMBM.  An  ornamental  wood ;  it  is  often  called  aloes  wood,  and  some- 
times green  sandal-wood,  bdng  of  a  gi^Benish  colour,  and  slightly  scented. 

n  m.  T.»mg»^Bi^T,  ^  name  sometimes  given  to  ooromandel  wood.  See  CosoiiAX- 
DKL  Wood. 

CA&BVBXS  {Calandre,  Fr. ;  Kalendet,  Ger.),  a  -word  derived  from  the  Greek 
jc^AiySpot '  cylinder,'  is  the  name  of  a  machine  consisting  of  two  or  more  (flinders 
revolving  so  nearly  in  contact  with  each  other,  that  doth  passed  through  between 
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them  18  smooUied,  and  even  ^aced,  by  theorpoweiM  pceMure.  It  is  employed  ehhei 
to  finish  goods  for  the  market,  or  to  prepare  cotton  and  woollen  'webs  for  the  caUoo 
printer,  by  rendering  their  8nr£aoeB  leyel,  compact^  and  nniform.  Tlua  eondenaadoo 
and  polish,  or  aatinage  as  the  French  call  it»  differ  in  degree  aooording  to  the  ol:ject 
in  view,  and  may  be  arranged  in  three  diffiirent  series : — 1.  For  goods  'vhieh  are  to 
receive  the  first  impresrion  by  the  block,  a  yezy  strong  preesnre  is  required,  for  upon 
the  nniformily  of  the  polish  tiie  neatness  and  the  regularity  of  the  printing  and  the 
oorrespondenee  of  its  members  depend.  2.  The  pieces  alreac^dyed  np  at  the  madder- 
bath,  or  otherwise,  and  which  remain  to  be  filled  in  with  other  eoloazs,  or  grovmdti 
ta,  as  it  is  technically  called,  mnst  zeceiye  a  much  less  considerable  g^oss.  8.  The 
degree  of  glaiing  given  to  finished  goods  depends  npon  the  taste  of  porchaseis,  and 
the  nature  of  the  aitide ;  bat  it  is,  in  general,  much  less  than  for  the  first  oouzBe  of 
block  printing. 

The  calico  printers  of  Alsace  employ  an  improved  fbrm  of  calender  to  that  nsoally 
emploved  in  this  country,  which  is  the  contrivance  of  M.  Charles  Bollftts.  It  is 
described  as  possessing  the  following  advantages : — 1.  It  passes  two  pieces  at  once, 
and  thus  does  double  ue  work  of  any  ordinary  machine.  2.  It  superseoes  the  neees- 
si|y  of  having  a  woikman  to  fold  up  the  goods,  as  they  emerge  from  the  calender 
with  the  aid  of  a  self-acting  folder.  8.  It  receives,  at  pleasure,  the  fimshed  pieces 
upon  a  roller,  instead  of  laying  them  in  folds ;  and,  br  a  very  aiinple  arrangement,  it 
hinders  the  hands  of  the  woriman  ficom  being  caugjht  by  the  roUers. 
^  The  most  remarkable  foatnxe  of  M.  Bollfiis's  machine  is  its  being  managed  by  a 
single  workman.  Six  or  eight  pieces  are  coiled  upon  the  food  roller,  and  they  are 
neither  pasted  nor  stitched  together,  but  the  ends  are  merely  overlapped  half  a  yard 
or  so.  The  workman  is  carcS^  not  to  enter  the  second  piece  till  one  third  or  one 
half  of  the  first  one  has  passed  through  on  the  other  side,  to  prevent  his  being  en- 
grossed with  two  ends  at  a  time.  He  must,  no  doubt,  go  sometimes  to  the  one  side 
and  sometimes  to  the  other  of  the  machine  to  see  that  no  folds  or  creases  occur,  and 
to  be  ready  for  supplying  a  firesh  piece  as  the  preceding  one  has  gone  through  The 
mechanism  of  the  folder  in  the  Alsace  machine  is  tnuy  ingenious :  it  perfcrms  ex- 
tremely well,  and  saves  an  extm  workman.  Th%  lapping-roller  works  by  frktion, 
and  does  its  duty  better  than  similar  machines  guided  by  the  hand. 

The  numerous  acddentB  idiich  have  happened  to  the  hands  of  workmen  enga^ 
in  calenders  should  direct  the  attention  toirards  an  effective  contrivance  for  preventing 
such  misfortunes.  These  various  improvements  in  the  Alsace  machine  may  be  easily 
adapted  to  the  ordinary  calender^  of  almost  every  construction. 

Tne  folder  is  a  kind  of  cage  in  the  shape  of  an  inverted  pyramid,  shut  on  the  four 
rides,  and  open  at  top  and  bottom :  the  top  orifice  is  about  five  inches,  the  bottom  one 
an  inch  and  a  half:  the  front  and  the  back,  which  are  about  four  feet  broad,  are  made 
of  tin  plate  or  smooth  pasteboard,  and  the  two  sides  are  made  of  strong  sheet-iron, 
the  whole  being  bolted  together  by  small  bars  of  iron.  Upon  the  dieet-iron  of  the 
sides,  iron  uprights  are  fixed,  perforated  with  holes,  throu^  vdiich  the  "vdiole  cage  is 
supported  freely  bv  means  of  studs  that  enter  into  them.  One  of  the  upri^ts  is 
longer  than  the  other,  and  bears  a  slot  with  a  small  knob,  which,  by  means  of  the 
iron  piece,  joins  the  guide  to  the  crank  of  the  cylinder,  and  thereby  communicates  to 
the  cage  a  see-saw  movement:  at  the  bottom  extremity  of  the  ereat  upright  there  is  a 
piece  €f  iron  in  the  shape  of  an  anchor,  which  may  be  raised,  or  lowered,  or  made 
fost  by  screws. 

At  the  ends  of  this  anchor  are  friction  rollers,  which  may  be  drawn  out  or  pushed 
back  and  fixed  by  screws:  these  rollers  lift  alternately  two  levers  made  of  wood,  and 
fixed  to  a  wooden  shafts 

The  paws  are  also  made  of  wood :  they  serve  to  lay  down  alternately  the  jnles  of 
the  dotn  which  passes  upon  the  ca^,  and  is  folded  rigsag  upon  the  fioor,  or  upon  a 
board  set  below  the  cage;  a  motion  imparted  by  the  see-saw  motion  of  the  cage  itself. 

To  protect  the  finsers  of  the  workmen,  above  the  small  plate  of  the  spreading^board 
or  bar,  there  is  another  bar,  which  forms  with  the  former  an  angle  of  about  76^:  they 
come  sufficiently  near  together  for  the  opening  at  the  summit  of  the  angle  to  allow 
the  cloth  to  pass  through  but  not  the  fingers.  See  BuUeim  de  la  SooUU  IndusMdU 
de  Mulhausen,  No.  18. 

It  is  not  thought  necessary  to  give  a  drawing  of  the  calender  usually  emplojred 
in  this  cottnttr;  a  few  remarks  niay  not,  however,  be  out  of  place.  QSu  iron 
rollers  are  made  hollow  for  the  purpose  of  admitting  either  a  hot  roller  of  iron* 
or  steam,  when  hot  calendering  is  required.  The  other  cylinders  used  formerly 
to  be  made  of  wood,  but  it  was  liable  to  many  defects.  The  advantage  of  the  paper 
roller  consists  of  its  being  devoid  of  any  ten(iency  to  split,  crack,  or  warp,  especially 
when  CKPoeed  to  a  considerable  heat  from  the  contact  and  pressure  of  the  hot  iron 
rollers.    The  paper,  moreover,  takes  a  vastly  finer  polish,  and  being  of  an  elastM 
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BBtnze,  pressee  into  evorj  pore  of  the  elotli,  and  smooths  its  stuiiaee  more  eflfoctnally 
than  any  "wooden  (nrlinder,  however  truly  tamed,  coold  possibly  do. 

The  paper  (^linder  is  oonstmcted  as  follows : — ^The  axis  of  the  cylinder  is  a  strong 
sqnare  bar  of  Uie  best  wrought  iron,  cut  to  the  pro^  length.  Upon  this  bar  a  strong 
ronnd  plate  of  oast  iron  is  first  ipfnA,  somewhat  less  m  diameter  than  the  cylinder  when 
finished ;  a  qnantiiy  of  thick  stout  pasteboard  is  then  procured,  and  cut  into  round 
pieces  an  indi  laiger  in  diameter  thim  the  iron  plate.  In  the  centre  of  the  plates,  and 
of  every  piece  of  the  pasteboard,  a  square  hole  must  be  cut  to  receive  the  axis ;  and 
the  drde  being  divided  into  six  equal  parts,  a  hole  must  also  be  cut  at  each  ctf  the 
divisions  an  inch  or  two  within  the  rim.  These  pieces  of  pasteboard  being  succes- 
oively  put  upon  the  axis,  a  long  bolt  of  malleable  iron,  with  a  head  at  one  end,  and 
screwed  at  the  other,  is  also  introduced  through  each  of  the  holes  near  the  rim ;  and 
this  is  continued  until  a  sufficient  number  of  pasteboards  are  thus  placed  to  form  a 
eyHnder  of  the  length  required,  proper  allowance  being  made  for  the  compression 
which  the  pOBteboard  is  afterwards  to  undergo.  Another  round  ^late  is  then  applied, 
and  nuts  being  put  upon  the  screws,  Uie  vdiole  are  screwed  tight,  and  a  cylinder 
formed.  This  cylinder  is  now  to  be  placed  in  a  stove,  exposed  to  a  strong  heat,  and 
must  be  kept  there  for  at  least  several  days ;  and,  as  the  pasteboard  shrinks  by  ex- 
posure to  the  heat,  the  screws  must  be  frM^ently  taghtenea  until  the  whole  mass  has 
been  compressed  as  much  as  possible.  When  the  cylinder  is  thus  brought  to  a  suffi- 
cient degree  of  density,  it  is  removed  from  the  stove;  and,  when  allowed  to  cool,  the 
pasteboud  forms  a  substance  ahnost  inconceivably  dense  and  hard.  Nothing  now 
remains  but  to  torn  the  cylinder;  and  this  is  an  operation  of  no  slight  labour  and 
patience.  The  motion  in  taming  must  be  slow,  not  exceeding  about  forty  revo- 
lutions in  a  minute;  the  substance  being  now  so  hard  and  tough  that  tools  of  a  very 
small  size  must  be  used  to  cut,  or  rather  scrape  it,  until  it  is  tnie.  Three  men  are 
generally  employed  for  the  turnings  even  when  the  motion  of  the  cylinder  is  efifeoted 
by  mechanictd  power,  two  being  necessary  to  sharpen  the  tools  for  the  third,  who 
turns,  as  quiddy  as  he  blunts  them. 

Let  us  suppose  it  to  be  a  five-roUered  machine :  when  a  person  stands  in  front  of 
the  calender,  the  doth  conung  from  behind  above  the  uppermost  cylinder  1,  passes 
between  1  and  2 ;  proceeding  behind  2,  it  again  comes  to  the  front  between  2  and  8 ; 
between  8  and  4  it  is  once  more  carried  behind,  and  lastly,  brought  in  front  between 
4  and  5,  where  it  is  received  and  smoothly  folded  on  a  clean  bo^,  or  in  a  box,  by  a 
person  placed  there  for  the  pmrpose.  In  folding  the  cloth  at  this  time,  care  must  be 
taken  that  it  may  be  loosely  done,  so  that  no  made  may  appear  until  it  be  again  folded 
in  the  predse  length  and  form  into  which  the  piece  is  to  be  made  up.  Tbe  folding 
may  be  done  either  by  two  persons  or  by  one,  with  the  aid  of  two  sharp  polished  spikes 
placed  at  a  proper  distance,  to  ascertain  the  length  of  the  fold,  and  to  make  the  whole 
equaL  When  folded  into  lengths,  it  is  again  fdded  across  upon  a  smooth  dean  table, 
according  to  the  shape  intended,  which  varies  with  different  kinds  of  goods,  or  the 
particular  market  for  which  the  goods  are  desired. 

When  the  pieces  have  recdvedthe  proper  fold,  the  last  operation  previous  to  packing 
them  is  the  pressing.  This  is  commonly  performed  by  pladng  a  certain  number  of 
pieces,  divided  b^  thin  smooth  boards  of  wood,  in  a  common  screw  press  similar  to 
those  used  by  printers  for  taking  out  the  impression  left  by  the  ^^pes  in  the  printing- 
press.  Beddes  the  wooden  boards,  a  piece  m  glased  pasteboard  is  placed  above  and 
below  every  piece  of  doth,  that  the  outer  folds  may  be  as  smooth  and  glossv  as  pos- 
dble.  The  operation  of  the  common  screw-press  being  found  tedious  and  laborious, 
the  hydraulic  press  is  now  had  recourse  to  in  all  well  mounted  establishments.  See 
Htdbattuo  Press. 

For  lawns  and  muslins  of  a  light  texture,  the  operation  of  smoothing  requires  a 
different  process  in  some  respects  than  dose  heavy  fobrics.  They  onlv  require  to  be 
slightly  smoothed  to  remove  any  marks  which  they  may  have  received  at  the  bleach- 
ing; and,  as  their  beauty  depends  rather  on  their  transparency  than  their  doeeness, 
the  more  thb  (^lindrical  form  of  the  yam  is  preserved  the  better.  They  are  therefore 
put  through  a  small  machine,  consisting  of  three  rollers  or  cylinders :  and,  as  the 
power  required  to  move  tins  is  small,  the  person  who  attends  it  generally  drives  it  by 
a  small  winch ;  or  the  same  eflfoet  may  be  produced  by  passing  the  muslins  between 
onlv  two  or  three  rollers  of  the  above  calender,  lightly  loaded. 

In  the  thick  fabrics  of  doth,  induding  those  kinds  which  are  used  for  many  parti 
of  household  furniture,  as  also  those  for  female  dress,  the  operation  of  glaiing  is  used 
both  to  add  to  the  original  beauty  of  the  doth,  and  to  render  it  more  imjpervious  to 
dust  or  smoke.  The  glazing  operation  is  performed  entirdy  by  the  friction  of  any 
smooth  substance  upon  the  doth ;  and  to  render  the  gloss  brighter,  a  small  quantity 
of  bleached  wax  is  previously  rubbed  over  the  surface.  The  operation  of  glaring  bv 
the  common  plan  is  very  laborious,  but  the  apparatus }»  of  the  most  simpla  kind.    A 
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tablo  ifl  mounted  mik  a  tMck  stout  oover  of  level  and  wellnnnoothed  wood,  fonnin^ 
an  inclined  plane ;  that  side  where  the  operator  stands  at  work  being  the  lowest. 
The  table  is  generally  placed  near  a  wall,  both  for  oonyenience  in  suspending  the 
glazing  apparatus,  ana  for  the  sake  of  light.  A  long  piece  of  wood  is  suspended  in  a 
grooye  formed  between  two  longitudinal  beams,  placed  parallel  to  the  wall,  and  fixed 
to  it.  The  groove  resembles  exactly  the  aperture  between  the  shears  of  a  common 
turning  lathe.  The  lever,  of  which  the  groove  majr  be  supposed  to  be  the  centre  or 
fulcrum,  is  faced  at  the  bottom  with  a  semi-cylindncal  piece  of  finely  polished  fiint» 
which  gives  the  friction  to  the  cloth  stretched  upon  tiie  table  below.  Above  the 
fiint  are  two  cross  handles,  of  which  the  operator  lays  hold,  and  moves  them  back- 
ward and  forward  with  his  hands,  keeping  the  fiint  pressing  slightly  upon  the  doth. 
When  he  has  glazed  a  portion  equal  to  uie  breadth  of  the  flint,  he  moves  his  lever 
between  the  shears  sidewise,  and  glazes  a  fresh  part:  thus  he  proceeds  from  one  side 
or  selvage  of  the  cloth  to  the  other ;  and  when  all  which  is  upon  the  table  is  sufiteiently 
glazed,  he  draws  it  over,  and  exposes  a  new  portion  to  the  same  operation.  To  pre- 
serve the  cloth  at  a  proper  tension,  it  may  be  wound  smoothly  upon  a  roller  or  beam, 
which  being  set  so  as  to  revolve  upon  its  own  axis  behind  the  table,  another  roller  to 
receive  the  cloth  may  be  placed  before,  both  being  secured  by  a  catch,  acting  in  a 
ratchet  wheeL  Of  late  years,  however,  a  great  part  of  the  labour  employed  in  glazing 
cloth  has  been  saved,  as  the  oonmion  four  or  five  bowl  calender  has  been  altered  to 
fit  the  purpose  by  direct  pressure. 

As  a  matter  of  accommodation,  the  difibrent  processes  of  packing,  oording  of  boxes, 
sheeting  of  trunks,  and,  in  general,  all  the  arrangements  preparatory  to  shipment,  and 
also  the  intimations,  and  surveys  necessary  for  obtaining  drawbadu,  debentures,  or 
bounties,  according  to  the  Eixuse  laws,  are  generally  con£icted  at  the  calender  housefl 
where  goods  are  finished. 

O A&BDO vrm  (from  Caledonia).  A  cupreous  sulphato-carbonate  of  lead  found  in 
minute  bluish-green  crystals  associated  with  other  ores  of  lead  at  the  Lead  ffills 
mines  in  Lanarkshire.  This  mineral  has  also  been  found  in  Cumberland,  at  Tanni 
in  the  Hartz,  at  the  Mine  la  Motte,  Missouri. 

OAI^ZBRB  (Calibre,  Er. ;  Calibro,  It)  The  bore  or  diameter  of  a  gun,  or  the  dia- 
meter of  a  bullet ;  it  is  measured  in  indies,  and  in  smooth-bore  guns  is  larger  than 
the  diameter  of  the  ball. 

OA&ZOO  (from  Calicut,  in  Lidia\  A  term  for  any  white  cotton  doth,  whidi  was 
first  manufaotared  in,  and  introduoea  from,  Lidia.  In  this  country  we  have  shirting 
calicoes,  unbleached  calicoes,  and  the  like.  In  the  United  States  the  term  is  re- 
stricted to  cotton  doths  having  patterns  printed  upon  them. 

OAUOO-VSOrrXVa  is  the  art  of  produdng  a  pattern  on  cotton  doth,  bv  printing 
in  colours,  or  mordants,  which  become  colours,  when  subsequently  dyed.  Calico 
derives  its  name  from  Calicut,  a  town  in  India,  fbrmerlv  celebrateid  for  its  manufactures 
of  cotton  doth,  and  where  calico  was  also  extensively  printed.  Other  fabrics  than 
cotton  are  now  printed  by  similar  means,  viz.  linen,  sill^  wool,  and  mixtures  of  wool 
and  cotton.  £inen  was  formerly  the  prindpal  fabric  printed,  but  since  modern 
improvements  have  produced  cotton  doth  at  a  comparatively  cheap  rate,  linen  fabrics 
are  now  sparingly  used  for  printing,  and  then  prindpally  for  nandkerchiefi},  linen 
doth  not  ^x)ducing  such  beautiful  colours,  in  consequence  of  the  small  afiKnity  <^  fiax 
for  mordants,  or  colouring  matters.  Silk  printing,  also,  is  chiefly  confined  to  hand- 
kerdiidiB,  but  the  printing  of  woollen  fabrics  or  mousseline-de-laines  is  an  important 
branch  of  the  art.  The  earliest  mode  of  ornamenting  doth  with  designs  was,  no 
doubt,  by  embroidery  with  the  needle,  and  this  mode  was  almost  coeval  with  the  art 
of  dyeing,  which  is  of  very  remote  antiquity.  Herodotus  mentions  that  Amasis,  king 
of  the  Egyptians,  sent  to  the  Lacedflemonians  a  pectoral  of  linen,  adorned  with  many 
figures  of  animals,  woven  into  the  doth,  and  enriched  with  gold  and  a  variety  of 
colours.  A  similar  pectoral  was  taken  among  the  spoils  at  the  battle  of  Issus,  and 
presented  to  Alexander  the  Great,  who  wore  it  afterwards  as  part  of  his  militair 
attire.  Cloth  was,  however,  stcdned  in  a  rude  manner  by  andent  tribes  with 
juices  of  plants.  Herodotus  mentions  a  Scythian  tribe  who  stained  thdr  garments 
witli  figures  of  animals  by  means  of  the  leaves  of  a  tree  bruised  with  water,  which 
figures  would  not  wash  out,  and  lasted  as  long  as  the  doth.  It  is  an  interesting 
speculation  as  to  what  this  dye  was.  The  garments  so  stained  were  probably  woollen, 
as  in  early  tames  the  outer  garments  were  always  woollen,  and  the  particular  dye 
might  have  been  indigo  in  a  soluble  state,  as  produced  by  fermenting  the  leaves  with 
water ;  according  to  Sir  William  Jones,  the  leaves  of  the  shrub  henna,  when  bruised 
in  water,  stain  the  skin  or  nails  orange,  and  would  doubtless  do  the  same  on  woollen 
doth.  The  first  record  of  calico-printing  as  an  art  is  that  of  Pliny,  who  describes 
the  process  followed  by  the  I^gyptians,  who  seemed  to  have  attained  a  very  considerable 
degree  of  refinement  in  the  ait.    ' Bobes  and  white  veils.'  says  he,  'ace  painted  in 
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Egjpt  in  a  wonderfhl  way.  They  are  tot  imbued,  not  with  dyes,  but  with  dye* 
abfiorbing  drnps,  by  which,  though  they  seem  to  be  unaltered,  yet,  when  immersed 
for  a  litle  while  in  a  cauldron  ^  the  boiling  dye-liquor,  they  are  found  to  become 
painted.  Yet,  as  there  is  only  one  colour  in  the  cauldron,  it  is  marvellous  to  see  many 
colours  imparted  to  the  robe,  in  consequence  of  the  influence  of  the  ezdpient  drug. 
Nor  can  the  dye  be  washed  out  A  cauldron,  which  would  of  itself  merely  confuse 
the  colours  of  cloths  preyiously  dyed,  is  thus  made  to  impart  several  pigments  fit>m 
a  single  dye-stufi^  painting  as  it  hoiU*  The  last  expression,  pinfitqtie  dum  coguit,  is 
perfectly  graphic  and  descriptiYe  of  some  processes  in  calico-printing. 

Calico-printing  is  of  yery  ancient  date  m  India,  and  probably  i&B  country  is  the 
birthplace  of  the  art,  since,  beyond  doubt,  cotton  doth  originated  in  India,  and  the 
abundance  of  dye-stu£6,  and  the  Reality  with  whidi  cotton  receiyes  dyes,  rendered  the 
staining  it  with  figures  a  natural  consequence,  and  there  is  good  reason  to  suppose 
that  the  Egyptians  learnt  the  art  from  India,  since  the  Indians  were  highly  ciyiUsed 
twenty-two  centuries  aco ;  and  there  was  undoubtedly  communication  between  India 
and  ISgypt  before  the  time  of  Pliny.  There  is  an  account  of  Indian  calico-printing  by 
Father  Coeurdouz,  a  missionaiT  at  Fondicheny,  and  in  a  manuscript  account  sent 
from  thence  by  M.  du  Fay,  ana  communicated  to  the  Bonl  Academy  of  Sciences  at 
Paris  by  the  Abb6  Hazeas,  also  fit>m  the  report  by  M.  Seaulieu,  of  operations  per- 
formed under  his  inspection  at  Fondicheny. — Banerqft. 

These  accounts  describe  the  mode  of  producing  the  chints  calicoes,  which  were 
eelebrated  in  Europe  before  the  art  had  been  intrcKluoed  and  simplified  there.  From 
these  accounts  of  the  cumbrous  and  tedious  processes  adopted  by  the  natiyes,  we  haye 
no  difficulty  in  understanding  the  neoessitjr  tnat  arose  for  the  intervention  of  European 
skill  and  science,  and  can  r^ulily  comraehend  how  it  is  that  the  European  pinter, 
to  say  nothing  of  superior  artistic  excellence,  can  compete  successfully  in  India  with 
the  proyerbiidly  low-priced  labour  of  fi^idostan.  After  the  cloths  were  partially 
bleached,  they  under?rant  seyeral  alternate  steeps  in  goats'-dung,  beating,  washing,  and 
drying  in  the  sun ;  th^  were  then  soaked  in  an  astrii4;ent  solution  obtained  from 
myrabolams,  mixed  wim  buffiJoes*  milk ;  squeeeed  out  of  this,  they  were  dried  in  the 
sun,  and,  by  pressure  with  wooden  roUers,  made  smooth  enough  to  have  a  pattern 
drawn  on  them  with  a  pencil,  applying  yai^ious  mordants :  the  general  course  was  tq 
paint  on  a  mordant  of  iron  liquor,  similar  in  constitution  to  that  at  po'esent  used  in 
calico-printing.  This  formed  a  black  with  the  tannin  substance  preyiously  applied.' 
The  next  step  was  to  give  the  blue,  and  for  this  purpose  the  doth  required  to  be 
freed  from  the  astringents  by  maceration  in  goats'-dung,  well  washing  and  drying  in 
the  sun ;  the  parts  intended  to  be  wlute  were  then  nrotected  by  a  coat  of  melted  wax ; 
the  doth  was  then  dipped  in  an  indigo  yat :  when  dyed,  the  wax  had  to  be  thoroughly 
removed  by  Ixnlin^  in  water,  steeping  in  dung,  wasldng  with  a  sort  of  impure  soda, 
renewed  steepng  in  dung,  washing  and  drying  in  the  sun ;  after  this  the  doth  was 
treated,  as  before,  with  the  astringent  milk  mixture,  dried  and  smoothed.  It  was  then 
rcNEuly  to  receive  the  red  and  chocolate  mordants,  the  red  being  simply  alum  mixed 
with  a  little  soda  to  render  it  basic,  and  the  chocolate,  this  red  mixed  with  the  iron 
mordant ;  (the  use  of  acetate  of  alumina  not  being  known,  the  albumen  of  the  milk 
and  the  tannin  combined  with  and  fixed  the  alumina  on  the  doth)^  After  caref^  sun- 
diying,  the  doth  was  well  steeped  and  rinsed  in  water  to  remove  the  excess  of 
mordants,  &c.,  and  then  dyed  with  madder  or  chaya  root  After  this  they  were  washed 
with  dung  and  soap,  exposed  to  the  sun,  and  wdiered  occasionally  till  the  white  parts 
were  bleached.  YeUow,  made  from  alum  and  myrabolams  was  now  pencilled*  in,  and 
green  formed  by  the  yellow  going  over  the  blue.  This  process  gave  chintzes,  the 
colours  of  which  were  generally  very  bright  and  livdy,  ana  most  of  them  exceedingly 
durable.  M.  Koechlin  Boder,  of  Mulhouse,  brought  home  from  India  a  rich  col- 
lection of  doths  in  every  state  of  preparation,  which  are  in  the  cabinet  of  the 
SociSti  Indwtnette  of  that  interesting  emporium  of  calico-printing.  The  native 
implements  for  applying  the  wax  and  colouring  bases  are  placed  alongside  of 
the  cloths,  and  form  a  curious  picture  of  primeval  art  There  is  among  other 
samples  an  andent  pallampoor,  five  French  yards  long  and  two  and  a  half  broad, 
said  to  be  the  labour  of  Hindoo  princesses,  which  must  have  taken  a  lifetime  to 
execute. 

Oalico-piinting  was  not,  however,  in  all  oriental  countries  executed  with  the  pencil. 
The  shawl-printers  of  Cashmere  use  small  wooden  blocks  for  their  oompucated 
patterns.  Mr..  Buckingham  states,  that  at  Orfah,  in  Mesopotamia,  the  printers  employ 
wooden  blocks  of  4  to  6  inches  square,  and  use  them  nearly  in  the  same  manner 
as  the  block-printers  in  this  country ;  and  it  is  well  known  that  the  Chinese  employed 
block-printing  long  before  any  spedes  of  printing  was  known  in  this  country. 

Calico-printing  has  been  for  several  hundrod  years  practised  by  the  oriental 
methods  m  Asia  IGnor  and  the  Levant;  but  it  was  unknown  as  an  English  art  till 
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abont  the  cIobo  of  the  seventeentli  centuxy.  It  is  believed  that  the  fint  attempt!  at 
imitating  the  printed  calicoes  of  India  were  made  in  Holland,  the  Batch  East  India 
Ck>mpany  having  introdnoed  the  Indian  chintzes  there  before  their  introdnction  into  this 
country.  It  is  uncertain  where  or  when  these  first  attempts  were  made ;  but  it 
appears  the  art  soon  spread  to  (Germany,  for  about  the  dose  of  the  seventeenth  century 
Augsburg  had  obtained  a  notoriety  for  printed  linens  and  cottons.  The  art  was  most 
probably  introduced  into  England  about  1676,  by  Flemish  emigrants.  Mr.  James 
Thompson,  of  CUtheroe,  one  of  the  most  eminent  English  calico-printers,  fixed  the 
date  at  1690,  and  supposed  that  a  Frenchman,  a  refogee,  at  the  time  of  the  revocation 
of  the  edict  of  Nantes,  was  the  first  to  print  calicoes  in  this  country,  and  that  his 
works  were  at  Bichmond  on  the  Thames ;  but  there  is  evidence  to  show  that  prior  to 
this  date,  calicoes  were  printed  in  this  oountry,  for  Sir  Joshua  Child,  a  distinguished 
director  of  the  East  India  Company,  in  a  pamphlet  published  in  1677»  mentions  that 
calicoes  werq  then  brought  over  from  India  to  be  printed  in  this  oountzy,  in  imitation 
of  the  Indian  printed  cluntzes.  It  appears,  from  a  petition  addressed  to  the  House  of 
Commons  by  Uie  East  India  Company  in  1627,  that  Indian  calicoes  were  at  that  time 
imported,  and  in  1631,  in  a  catalogue  of  legal  imports  fit>m  India,  painted  calicoes 
are  mentioned  as  to  be  allowed.  In  1684,  apparently,  attempts  were  made  to  ornament 
fabrics  with  coloured  patterns  by  mechanical  means,  for  in  that  year  Charles  II. 
granted  an  exclusive  patent  for  fourteen  years,  for  the  art  or  mystery  of  affixing 
wool,  silk,  and  other  materials  of  divers  colours  upon  linen,  silk,  or  cotton  doth, 
leather,  and  other  substances,  by  means  of  oil,  size,  or  other  cements,  to  make  them 
useful  for  hangings,  &c,  the  patentee  paying  10/.  yearly  to  the  Exchequer.  Calico- 
printing  was  commenced  in  1689,  at  Neufchitel,  by  Jaques  Deluxe,  a  native  of  Sain- 
tonge,  and  this  establishment  rapidly  became  mrosperous,  and  in  time  the  parent  of 
numerous  ofEbhoots  in  Germany,  Portugal,  and  France. 

Some  time  after  the  Bichmond  establishment,  a  considerable  printing  work  was 
established  at  B*oinley  Hall,  in  Essex,  and  sevend  others  sprung  up  successively  in 
Surrey,  to  supply  the  London  shops  with  chintaes,  their  import  from  India  having  been 
prohibited  in  1700  by  Parliament.  The  art  in  its  infancy  had  to  struggle  with  many 
difficulties ;  an  excise  tax  on  all  printed  or  dyed  calicoes  of  Sd,  per  square  yard  was 
enad^  in  1702,  and  which  was  increased  to  6<{.  per  square  yard  in  1714,  only  half 
these  duties  being  laid  on  printed  linens. 

The  silk  and  woollen  weavers  had  all  along  manifested  the  greatest  hostility  to  the 
use  of  printed  calicoes,  whether  brought  from  the  East  or  inade  at  home.  In  the 
year  1680  they  mobbed  the  India  House  in  revenee  for  some  large  importations  then 
made  of  the  chintzes  of  Malabar.  They  next  induced  the  Government,  by  incessant 
clamours,  to  exdude  altogether  the  beautiAil  robes  of  Calicut  from  the  British  market 
But  the  printed  goods  imported  by  the  English  and  Butch  East  India  Companies 
foimd  their  way  into  this  country,  in  spite  of  the  excessive  penalties  annexed  to 
smuggling,  and  raised  a  new  alarm  among  the  manufistcturing  population  of  Spital- 
fields.  ^e  sapient  legislators  of  that  day,  intimidated  as  would  appear,  by  the  East 
London  mobs,  enacted  in  1720  an  absurd  sumptuary  law,  prohibiting  the  wearing  of 
all  printed  calicoes  whatsoever ^  either  i>/ foreign  or  domestic  origin.  This  disgraceful 
enactment,  worthy  of  the  meridian  of  Cairo  or  Algiers,  proved  not  only  a  death-blow 
to  rising  industry  in  this  ingenious  department  of  the  arts,  but  prevented  the  British 
ladies  from  attiring  themselves  in  the  becoming  drapery  of  Hinaostan. 

The  effect  of  this  law,-  says  Mr.  Edmund  Potter,  in  his  lecture  on  Calico- 
Pnnting,  before  the  Sodety  of  Arts,  as  reporter  on  printed  fabrics  in  the  Exhibition 
of  1851,  'was  to  put  an  end  to  the  printing  of  cabcoes  in  England,  and  to  confine 
the  printers  to  the  printing  of  linens.  In  1786,  so  much  of  tids  Act  was  repealed 
as  forbade  the  use  or  wear  of  printed  goods  of  a  mixed  kind,  containing  cotton ;  and 
these  fabrics  were  allowed  to  be  printed,  wei^ted  with  a  duty  of  6d  per  square 
yard.  In  1750,  the  entire  production  of  Great  Britain  was  estimated  at  50,000  peces 
por  annum.  In  1764,  printers  established  themselves  in  Lancashire,  tempted,  doubt- 
less, by  the  cheapness  of  fUel,  and  by  this  being  the  localibr  in  which  the  doth  was 
manufactured.  In  1774,  the  printer  was  released  from  his  &tters  with  regard  to  the 
kind  of  doth  he  must  use,  by  the  repeal  of  this  law,  so  as  to  leave  him  the  choice  of 
his  material ;  but  he  was  still  saddled  with  a  duty  of  Zd,  per  square  yard,  to  which  a 
halfpenny  was  added  in  1806.  On  the  accession  of  Lord  Grey's  government  to  dfice 
it  was  one  of  their  first  acts  to  repeal  this  duty.  Thus,  after  a  period  of  about  140 
years  from  its  first  introduction,  the  print  trade  was  allowed  to  enter  into  competition 
with  other  kindred  fabrics  on  a  fiiir  footing.' 

France  pursued  for  some  time  a  similar  false  policy  with  regard  to  calico-printing, 
but  she  emerged  sooner  from  the  mists  of  manufacturing  monopoly  than  England. 
Her  avowed  motive  was  to  cherish  the  manufacture  of  flax,  a  native  product,  instead 
of  that  of  cotton,  a  raw  material,  for  which  prejudice  urged  that  money  had  to  be 
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exported.  Her  intdligent  statesmen  of  that  day  replied,  that  the  money  expended 
in  the  pnzohase  of  cotton  was  the  product  of  French  induslry  beneficially  employed, 
and  they  therefore  took  immediate  measures  to  put  •  the  cotton  fabrics  upon  a 
footing  of  equality.  Meanwhile  the  popular  prejudices  became  irritated  to  such 
a  degree,  by  the  proiect  of  permitting  the  &ee  manufacture  and  sale  of  printed 
cottons,  that  every  Irench  town  possessed  of  a  chamber  of  commerce  made  the 
strongest  remonstrances  against  it.  The  Bouen  deputies  declared  to  the  Government, 
*  that  the  intended  measure  would  throw  its  inhabitants  into  despair,  and  make  a 
desert  of  the  surrounding  country ' ;  those  of  Lyons  said,  *  the  news  had  spread 
terror  through  all  its  workshops : '  Tours  'foresaw  a  commotion  likely  to  convulse 
the  body  of  the  State : '  Amiens  said,  *  that  the  new  law  would  be  t^e  grave  of  tJie 
manufacturing  industry  of  France;'  and  Paris  declared  that 'her  merchants  came 
forward  to  bathe  the  throne  with  their  tears  upon  that  inauspicious  occasion.' 

The  Government  persisted  in  carrying  its  truly  enlightened  principles  into  effect, 
and  with  manifest  advantage  to  the  nation,  for  the  despair  of  these  manufacturing 
towns  has  been  replaced  by  the  most  signal  ]p>sperity. 

Fzanoe  probably  produces  at  the  present  time  nearly  6,000,000  pieces  of  print  per 
annum,  which,  considering  the  quality  of  many  of  them,  may  be  considered  a  very 
in^xntant  manufkoture. 

The  great  disadvantage  under  which  the  French  printers  labour  is  the  higher  price 
th^  pay  for  cotton  flftbrics  and  txul  above  that  paid  by  the  English  printers. 

The  repeal,  in  1881,  of  the  consolidated  duty  of  8^tf.  per  square  yard  upon  printed 
calicoes  in  Great  Britain  is  one  of  the  most  judicious  acts  of  modem  legii^tion.  By 
the  improvements  in  calico-printing,  due  to  the  modem  discoveries  and  inventions  in 
chemistry  and  mechanics,  the  trade  had  become  so  vast  as  to  yield  in  1880  a  revenue 
of  2,280,0002.  levied  upon  8,696,000  of  pieces,  of  which,  however,  about  three-fourths 
were  exported,  with  a  drawback  of  1,579,000/.  2,281,512  peces  were  consumed  in 
that  year  at  home.  When  the  expenses  of  collection  were  deducted,  only  850,000/. 
found  thdr  way  into  the  Exchequer,  for  idiich  pitifdl  sum  thousands  of  frauds  and 
obstructions  were  committed  against  the  honest  manufacturer.  This  reduction  of 
duty  enables  t^e  oonsumer  to  set  this  extensive  article  of  clothing  from  50  to  80  per 
eent.  cheaper  than  befove,  and  thus  places  a  becoming  dress  within  t^e  reach  of 
thousands  of  fismales  in  the  humbler  ranks  of  life.  Printed  goods,  which  in  1795 
were  sold  for  2s.  Zd,  the  yard,  may  be  bought  at  present  for  6d.  The  repeal  of 
the  tax  has  heea  no  less  beneficial  to  the  fair  dealers,  by  putting  an  end  to  the 
contraband  trade,  formerly  pursued  to  an  extent  equally  iigurious  to  them  and 
the  revenue.  It  has,  moreover,  emancipated  a  manu&cture  eminently  dependent 
upon  taste,  science,  and  dexteri^  f^m  the  venal  curiosity  of  petty  excisemen,  by 
imom  private  improvements,  of  great  value  to  the  inventor,  were  in  perpetual 
jeopardy  of  being  pirated  and  sold  to  any  sordid  rivaL  The  manu&cturer  has  now 
become  a  free  agent,  a  master  of  his  time,  his  workmen  and  his  apparatus ;  and 
can  print  at  "vdiatever  hour  he  may  receive  an  order;  whereas  he  was  formerly 
obliged  to  wait  the  convenience  of  the  excise  ofScer,  whose  province  it  was  to  measure 
and  stamp  the  doth  before  it  could  be  packed — an  operation  fraught  with  no  little 
annoyance  and  delay.  Under  the  patronage  of  Parliament,  it  was  easy  for  needy 
adventurers  to  buy  printed  calicoes,  because  they  could  raise  such  a  sum  by  drawbacks 
upon  the  export  of  one  lot  as  would  go  &r  to  pay  for  another,  and  thus  carry  on  a 
finudulent  system  of  credit,  which  sooner  or  later  merged  into  a  disastrous  bankruptcy. 
Meanwhile  the  goods  thus  obtained  were  pushed  off  to  some  foreign  markets,  for 
which  thejr  were,  possibly  not  suited,  or  where  they  produced,  bv  their  forced  sales, 
a  depreciation  of  iH  similar  merchandise,  ruinous  to  the  man  who  meant  to  pay  for 
his  wares. 

Calico-printing  was  first  practised  in  Scotland  in  1788,  twenty-six  years  previous 
to  its  introduction  into  Lancashire.  The  following  sketch  of  tne  early  Lancashire 
printing  is  taken  frimi  Mr.  Potter^s  pam^et: — 'The  trade  was  established  in 
Lwcashire  in  1764, 1^  Messrs.  Clayton,  of  Bunber  Bridge,  near  Preston ;  the  doth 
that  was  printed  b^ng  made  with  linen  warp  and  cotton  weft,  and  produced  prind- 
pally  at  Bbidcbum ;  tibis  was  the  reason  of  manv  printers  settling  near  Bhuuibum, 
which  was  for  a  long  time  the  great  seat  of  the  print  trade.  The  introduction 
of  power-loom  dcdi  caused  the  migration  of  a  considerable  print  trade  to  Stock- 
port»  Hyde,  Staleybridffe,  and  North  Derbyshire.  The  Claytons  were  followed 
by  Mr.  Bobert  Peel,  wno  entered  into  the  cotton  business,  and  added  to  it  the 

Srinting  business.    He  carried  on  the  business  for  some  years  at  Brookside,  near 
ladcbum,  aided  by  his  sons.    The  eldest  son  afterwards  branched  off  fiK>m  his 
fathfo^B  concerDf  and  established  himself  at  Bury  with  his  unde,  Mr.  Haworth,  and 
Mr.  William  Yates. 
*  During  the  period  1796  to  1821,  the  Fcwts,  Hargreaves,  and  Thompsons  fiurly 
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established  themselyes  as  eztensive  and  -wealth^r  pinten,  not  more  by  thdr  energy 
and  business  talent  than  by  their  scientifio  attainments,  and  by  the  nnboonded  and 
layish  support  wUch  they  gave  to  ererything  which  art  and  science  could  suggest 
to  assist  tnem.  Mr.  James  Thompson  of  Primrose,  near  Clitheroe,  was  for  forty 
years  the  recognised  head  of  the  print  trade.  The  era  of  his  commencement  in  the 
trade  was  the  beginning  of  a  senes  of  discoveries  and  new  applications  in  chemical 
science  to  the  purposes  of  calico-printing.  During  forty  years  he  deroted  himself 
and  the  ample  funds  his  business  placed  at  his  disposal  to  the  adyancement  of  taste 
in  connection  with  his  trade.  No  sums,  however  large,  were  spared  to  draw  into  its 
service  the  talent  even  of  Boyal  Academicians,  and  of  many  other  eminent  men  high  in 
art'  Mr.  John  Mercer,  of  the  house  of  Fort  Brothers,  and  a  contemporary  of  Mr. 
Thompson,  for  a  lonf;  period  worked  enthusiastically  and  rendered  valuable  assistance 
to  the  trade  by  the  introduction  of  chemical  novelties ;  and  many  styles  founded  by 
him  are  still  popular.  The  house  of  Hargreaves  Brothers  and  Co.,  during  the  same 
period,  to^  a  prominent  position  in  the  production  of  new  and  original  colotira  and 
styles. 

In  France  M.  Eoechlin  was  looked  up  to  as  the  leader  of  the  trade,  and  was  mainly 
instrumental  in  establishing  sound  scientific  principles  in  the  art.  *  During  the  pro- 
gressive improvement,  dating  from  1881,  one  house  may  be  named,  of  high  stanmng, 
who  introduced  a  colour  superior  in  brilliancy,  fastness,  and  utility  for  domestic  wear, 
to  any  other  previously  Imown.  This  was  the  madder  purple  of  Messrs.  Thomas 
Hoyle  and  Sons,  a  colour  which  may  be  said  to  have  sunerseaed  the  old  Navy  blue  print 
in  English  wear.  Messrs.  Hoyle  and  Sons  maintainea  their  well-deserved  superiori^ 
for  many  years.  The  Ijondon  printers,  up  to  the  repeal  of  the  duty,  still  held  their 
position  for  first-class  goods.  They  made  great  use  of  the  fiat  press  printing-machine, 
llieir  plates  were  well  engraved,  and  for  a  long  time  they  succeeded  in  getdnff  a 
smartness  of  impression,  better  than  any  at  that  time  obtained  fixnn  the  ^linder. 
Some  few  of  the  Lancashize  printers  adopted  the  press,  the  better  to  compete  with  the 
town  printer.  The  rapdly  increasing  trade  in  Lancashire,  and  with  it  the  power  of 
so  much  cheaper  production,  gradually  undermined  the  London  printers,  and  brought 
about  a  complete  change  in  their  class  of  work.' — ^The  liondon  printers  now  print 
fine  shawls,  handkerchi^,  waistooatings,  and  a  superior  class  of  cotton  prints  foritir- 
niture  hangings.  The  present  annual  production  of  printed  doth  of  all  kinds  in 
Great  Britain  mav  be  estimated  at  about  20,000,000  pieces.  In  1840  the  quantity 
produced  was  about  16,000,000.  The  quantity  now,  probably,  rather,  ezoeeds 
20,000,000  of  pieces;  but,  from  the  absence  of  any  very  authentic  statistics,  the 
quantity  is  retry  difficult  to  arrive  at.  The  print  trade,  according  to  Mr.  Badey, 
consumes  a  weight  of  cotton  about  one-seventh  the  entire  import  into  this  country. 

Owing  to  her  natural  advantages,  England  has  by  far  the  largest  portion  of  the 
calico-printinff  trade,  and  especially  of  the  export  trade ;  and  probably  at  the  present 
time  Englana  produces  as  many  printed  pieces  as  all  the  rest  of  the  world  put 
together.  The  United  States  produces  next  to  ourselves  in  quantity ;  France  and 
Switzerland  the  next  to  America  in  quaniit^,  but  far  superior  to  her  in  guaUtyt  and 
second  only  to  ourselves  in  value  of  production.  France  is  the  only  competitor 
we  have  to  meet  in  the  neutral  markets  of  the  world.  The  Zollverein,  Austria, 
and  Bohemia  produce  for  their  own  markets,  and  by  high  protecting  duties  prevent 
any  other  supply,  except  of  very  fine  French  goods.  Holland  produces  a  small 
quantity  of  medium  goods;  Belgium  also  produces  a  few;  Naples  has  a  few 
small  print  works;  Bussia  produces  for  her  own  market,  and  the  number  of 
works  iias  rapidly  increased  of  late — her  market  is  almost  prohibited  to  us; 
Spain  produces  a  limited  quantity  of  inferior  goods;  Portugal  has  a  slight  pro- 
duction; Turkey  produces  a  few  printed  goods,  hardly  worm  notice;  the  Sultan 
Abdul  Mecyid  has  tried  the  experiment  of  organising  print  works  on  the  English 
principle,  with  English  artisans  and  foromen,  but  the  experiment  was  a  complete 
miluro ;  Egypt  also  has  revived  the  art,  with  very  inferior  results.  The  Ghiaese  un- 
doubtedly practised  the  art  of  calico-printing  many  centuries  before  ourselves.  Mr. 
Potter  was  able  to  exhibit  samples  of  Chinese  work  to  the  Society  of  Arts,  which  he 
described  as  of  very  primitive  taste  and  rude  execution.  *Mulhausen,  it  may  not  be 
uninteresting  to  mention,'  says  Mr.  Potter,  'is  certainly  the  seat  of  the  finest  printing 
in  the  world.  Calico-printing  was  first  established  thero  in  1746,  by  the  firm  of 
Koechlin  and  Co.,  and  is  still  carried  on  by  descendants  of  the  original  firm ;  and 
during  the  whole  period,  and  not  less  so  now,  the  house  has  had  a  high  and  justly 
deserved  reputation  for  talent  and  taste ;  and  to  them  the  chemistry  of  the  tzade  is 
most  deeply  indebted  for  many  valuable  processes  and  discoveries.  Other  houses  of 
almost  equal  celebrity  followed,  and  Mulhausen  has  justly  maintained  its  reputation 
of  being,  for  fine  goods,  the  first  calico-printing  district  in  the  world.' 
Tha  fiM  Btep  in  calico-printing  is  to  remove  the  fibrous  down  from  the  surfiMe  of 
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the  cloth,  which  is  done  by  passing  the  piece  rapidly  through  a  flftme  of  gas,  or  over 
a  red  hot  semi-circalar  plate.  The  latter  method  "will  be  found  described  under  the 
head  of  Buiachino. 

There  are  two  methods  in  nse  of  singeing  with  flame :  one  invented  by  Henry 
Gledhill,  in  which  coke  is  bnmt  in  a  fomaee  provided  with  a  cast-iron  plate  for  a  top, 
in  which  is  left  an  aperture  abont  42  inches  long  and  -^ths  of  an  inch  wide  at  the  out- 
side, but  which  IS  Jtns  of  an  inch  on  the  inside.  The  coke  rests  upon  fire-bars  in  the 
usual  manner,  being  fed  from  a  close-fitting  fire-door.  The  ash-pit,  instead  of  being 
open  as  usual,  is  also  provided  with  a  closely-fitting  door;  a  pipe  from  the  blast  fan 
is  introduced  into  the  side  of  the  ash-pit.  A  fire  being  lighted,  the  furnace  is  filled 
with  coke,  and  the  fan  being  started,  both  the  fire-door  and  the  ash-pit  door  are 
closed  and  luted  with  clay ;  the  fiame  now  rises  through  the  rectangular  aperture  to 
a  height  of  about  two  feet,  a  hopper  over  the  apparatus  conducts  the  products  of 
combustion  into  a  chimney  or  flue,  connected  with  the  main  chimney  of  uie  factory. 
The  grey  pieces  are  now  passed  rapidly  over  the  flame,  about  8  inches  above  the  iron 
plate,  being  unwound  from  a  roller,  and  after  passing  through  a  trou^  of  water, 
being  rewound  on  another  roller.  The  flame  is  depressed  by  the  doth,  and  extends 
about  a  foot  in  length.    The  effect  of  this  singeing  is  to  thoroughly  remove  all  the 
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fibrous  down  on  one  side  of  the  doth  without  weakening  it  or  making  it  appear  thin. 
In  some  print  works  this  singeing  machine  is  supplemented  by  the  copper  semi- 
drcular  hot  plate  (Blbachino,  ^.  109),  which  is  arranged  to  receive  the  doth  on 
coming  from  the  coke-gas  fiame.  Singeing  by  coal-gas  is  a  very  deanly  and 
economical  mode,  but  after  its  introduction  it  fell  partlv  out  of  use  on  account  of  the 
thinning  of  the  cloth  by  the  gas  fiame  being  drawn  through  it.  The  gas  singeing 
machine  patented  by  Mather  and  Piatt,  overcomes  this  defect  The  flame  impinges 
against  the  surface  of  the  cloth,  which  is  thoroughly  deansed  without  being  im- 
poverished, and  the  gas  is  so  perfectly  consumed  that  there  are  no  stains  from  im- 
perfect combustion.  There  is  also  a  considerable  saving  both  of  gas  and  time  as 
compared  with  the  old  method.  Fig.  324  is  a  vertical  section  of  this  machine,  a, 
framing  of  the  machine ;  b,  binding  rollers  on  rails ;  c,  rollers  where  the  flame  im- 
pinges on  the  doth ;  these  are  moveable  to  make  a  wide  or  narrow  opening  for  the 
flame,  for  a  mild  or  keen  singe ;  d,  arms  and  levers  for  supporting  the  burners,  &e. 
across  the  machine,  and  bringiug  or  taking  away  the  flame  from  its  work ;  b,  gas- 
burners  and  flame ;  f,  drawing  drum  and  pressing  rollers ;  o,  water-box  and  rollers  for 
kiUiog  sparks ;  h,  plaiter ;  i,  tubes  for  taking  away  the  diuft»  h^at^  &e.,  drawn  throBj^ 
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by  the  exhaust  fan>  which  also  causes  a  perfect  combustion  of  gas,  and  produces  a 
perfectly  clear  flame.  In  the  top  of  each  tube  is  fitted  a  steel  doctor  or  scraper,  k,  for 
doamng  the  singed  side  of  the  cloth,  l,  exhaust  fan ;  v,  suction-pipe  of  faji ;  x, 
delivery  pipe  of  &n ;  o,  cloth  being  singed. 

The  bleaiching  requisite  for  printing  cloths  is  of  much  superior  nature  to  that  suffi- 
cient for  calico  intended  to  be  sold  in  the  white  state.  It  is  sufficient  for  the  latter  to 
be  white  enough  to  please  the  eye :  a  result  easily  obtained  by  chlorine  treatment  after 
a  comparatiyely  mild  alkaline  boiling ;  but  the  former  must  be  so  weU  boiled  with 
lime  and  alkali,  as  to  remove  every  particle  of  resinous  and  glutinous  matter  previous 
to  the  chlorine  steep.  This,  if  not  attended  to,  becomes  a  source  of  great  annoyance  to 
the  printer  in  his  subsequent  operations,  ficom  the  difficulty  of  obtaining  sufficiently 
good  whites  without  injuring  the  colours.  The  high  pressure  kiers  patented  by 
Barlow,  and  which  are  folly  described  in  the  article  Bisachino,  have  been  found  to 
facilitate  the  thorough  scouring  of  the  cloth  yeiy  much  at  a  less  cost  than  the  old 
kiers. 

The  pieces,  on  leaving  the  bleach-house  drying  machine  are  taken  to  the  '  white 
room,'  a  large  room  for  storing  the  bleached  goods,  where  they  are  unstitched,  folded, 
sorted  into  Sie  different  qualities  in  use,  and  distributed  to  the  proper  compartments 
of  the  room,  whence  they  are  withdrawn  as  wanted  for  printing. 

Till  about  the  jear  1760,  the  printing  of  linens  or  calicoes  was  done  by  haa^ 
wooden  blocks  being  employed,  on  which  the  |)attern  is  raised  in  relief.  About  this 
time  a  modification  of  the  press  used  for  printing  engravings  was  adapted  to  printing 
with  flat  engraved  copper  plates  on  fabrics.  Thjs  press  was  used  to  produce  certain 
stales  only,  generally  single  colours,  where  delicacy  of  outline  was  required,  shaded  or 
stippled  work  being  also  introduced.  The  printing  b^  blocks  in  sevual  colours  was 
the  principal  mode  still,  till  in  1785  the  cylinder  printing-machine  was  invented  by  a 
Scotchman  named  Bell,  and  brougjht  into  successful  use  at  Mossely,  near  Preston,  by 
the  house  of  Invesey,  Hargreaves,  and  Go.  The  house  of  Oberkampf,  of  Jouy,  in  France, 
almost  immediately  adopted  the  invention,  and  have  been  frequently  considered,  in 
France  at  least,  the  originatoro  of  the  machine ;  but  it  is  now  pretty  certain  that  the 
honour  of  the  invention  is  due  to  Great  Britain.  The  introduction  of  the  cylinder 
machine  gradually  caused  the  disuse  of  the  flat  press,  the  London  printera  continuing 
to  use  them  long  after  the  Lancashire  printers  luul  given  them  up ;  the  first  cylinder 
machine  was  used  in  London  in  1812.  Blocks  are  still  freely  used  for  some  descrip- 
tion of  prints,  such  as  woollen  or  mousseline-de-laine  goods,  and  also  for  introducing 
colours  after  printing  by  the  cylinder  and  dyeing,  &c. — ^the  cylinder  not  being  capable 
of  fitting  in  colours,  after  the  piece  has  once  len  the  machine.  A  bloddng-madiin^ 
called  the  Penotine,  was  introduced  in  France  in  1834  by  M.  Perrot,  and  is  still  ex- 
tensively used  there,  but  though  tried  in  this  country,  it  never  came  into  general  use. 
It  executes  as  much  work  as  twenty  hand  printers,  and  for  the  special  purposes  fbr  which 
it  was  invented  is  a  satis&ctory  machine ;  the  patterns  capable  of  being  printed  by  it 
are,  however,  limited  in  size,  in  consequence  of  the  narrow  width  of  the  blodok  Surfece 
printing,  or  printing  from  ^linden  engraved  in  relief,  was  an  invention  preceding  by 
a  few  years  the  engraved  copper  cylinder,  but  apparently  not  in  general  use.  In  I8OO9 
a  Frenchman,  named  Ebingar,  patented  somewhat  the  same  sort  of  things  and  in  1805» 
James  Burton,  of  the  house  of  Peel,  at  Church,  invented  the  mule  machine,  whidi 
worked  with  one  or  two  engraved  copper  cylinders,  and  one  or  two  wooden  rollerr 
engraved  in  relief.  This  machine  is  very  little  used  now,  the  impression  produced  by 
it  not  having  the  precision  of  that  from  copper  rollers,  and  improvements  in  enfl;raving 
copper  rollers  having  given  the  printer  many  bf  the  advantages  possessed  by  the  sur- 
fabe  roller.  Quite  lately,  however,  Mr.  James  Chadwick  has  patented  a  species  of 
sur&ce  roller  whidi  promises  to  become  useful.  The  ordinary  stereotyped  patterns 
described  hereafter  are  adapted  by  screws  to  a  brass  or  other  metal  roller,  which  in 
then  fitted  on  the  mandrel  used  with  the  ordinary  engraved  rollers,  and  a  firmness  and 
solidity  thus  given  which  was  never  possessed  by  the  wooden  surface  roller. 

Printing  by  block  is  thus  performed : — ^The  hand  blocks  are  made  of  sycamore  or 
pear-tree  wood,  or  of  deal  faced  with  these  woods,  and  are  from  2  to  3  inches 
thick,  9  or  10  inches  long,  and  5  broad,  with  a  strong  box  handle  on  the  back 
for  seiring  them  by.  The  &ce  of  the  blodk  is  either  carved  in  relief  into  the  desired 
design,  like  an  ordinary  wood-cut,  or  the  figure  is  formed  by  the  insertion  edgewise 
into  the  wood  of  narrow  slips  of  flattened  copper  wire.  These  tiny  fillets,  being  filed 
level  on  the  one  edge,  are  cut  or  bent  into  the  proper  snape,  and  forced  into  the  wood 
by  the  taps  of  a  hammer  at  the  traced  lines  of  the  configuration.  Their  upper 
surfaces  are  now  filed  fiat,  and  polished  into  one  horizontal  plane,  for  the  sake  of 
equality  of  impression.  As  the  slips  are  of  equal  thickness  in  their  whole  depth, 
from  havinff  been  made  by  running  the  wire  through  between  the  steel  cylinders  of  a 
flatting  JoiU,  tho  lines  of  the  figure,  however  much  they  get  worn  by  use,  are  always 
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equally  bxoad  as  at  first ;  an  adyantage  which  does  not  belong  to  -wood-cntting.  The 
interstioes  between  the  rid^  thus  formed  are  filled  up  with  felt-staff.  Sometimes  a 
delicate  part  of  the  design  is  made  by  the  wood-cutter,  and  the  rest  b j  the  insertion  of 
copper  sUps. 

The  colouring  matter  or  mordant,  properly  thickened,  is  spread  with  a  flat  brush, 
by  a  child,  upon  fine  woollei^  cloth,  stretched  in  a  frame  over  the  waxcloth  head  of  a 
wooden  drum  or  sieve,  which  floats  inserted  in  a  tubful  of  old  paste,  to  ^ve  it  elastic 
buoyancy.  The  inverted  sieve  drum  should  fit  the  paste-tub  pretty  closely.  '  The 
printer  presses  the  face  of  the  block  on  the  drum-head,  so  as  to  take  up  the  requisite 
quantity  of  colour,  applies  it  to  the  surface  of  the  calico,  extended  upon  a  flat  table 
covered  with  a  blanket,  and  then  strikes  the  bade  of  the  block  with  a  wooden  mallet, 
in  Older  to  transfer  the  impression  fully  to  the  doth.  This  is  a  delicate  operation, 
requiriDg  equal  dexterity  and  diligence.  To  print  a  piece  of  doth  28  yards  long 
and  30  inches  broad,  no  less  than  672  applications  of  a  block,  9  inches  long  and  5 
indies  broad,  are  requisite  for  each  colour;  so  that  if  there  are  8  colours,  no  less 
than  2016  applications  will  be  necessaiT.  The  blocks  have  pin-points  fixed  into  their 
comers,  by  means  of  which  they  are  actuated  to  their  positions  upon  the  doth,  so  as  to 
join  the  different  pasts  of  the  design  with  precision.  Each  pnnter  has  a  colour-tub 
placed  within  reach  of  his  right  hand ;  uid  for  every  di£ferent  colour  he  must  have  a 
separate  sieve.  Many  manufacturers  cause  their  blocks  to  be  made  of  three  layers  of 
wood,  two  of  them  being  deal,  with  the  grain  crossed  to  prevent  warping,  and  the  third 
sycamore,  for  engraving. 

The  printing  wop  is  an  oblong  compartment^  lighted  with  numerous  windows  at  each 
side,  and  having  a  solid  table  opposite  to  each  window.    The  table  b  {Jig,  82ft)  is 
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formed  of  a  strong  smooth  flag,  with  a  surfstce  truly  plane.  Its  length  is  about  6  feet, 
its  breadth  2  feet,  and  its  thickness  3,  4  or  5  inches.  It  stands  on  strong  feet,  with  its 
top  about  36  inches  above  the  floor.  At  one  of  its  ends  there  are  two  brackets  o  for 
supporting  Uie  axles  of  the  roller  b,  which  carries  the  white  calico  to  be  printed. 
The  table  is  covered  with  blanket  stretched  tightly  across  and  hooked  at  the  side. 
The  hanging  rollers  b  are  laid  across  joists  fixed  near  the  roof  of  the  apartment  above 
the  printing  shop,  the  ceiling  and  floor  between  them  being  open  bar  work,  at  least  in 
the  middle  of  the  room.  Their  use  is  to  facilitate  the  exposure,  and,  consequently,  the 
drying  of  the  printed  pieces,  and  to  prevent  one  flgure  being  daubed  by  another. 
Should  they  come  to  be  all  fliled,  the  remainder  of  the  goods  must  be  folded  lightly 
upon  the  stool  d. 

The  printer  stretches  a  length  of  the  piece  upon  his  table  a  b,  taking  care  to  place 
the  selvace  towards  himself,  and  one  inch  from  the  edge.  He  presents  the  block 
towards  Uie  end  to  determine  the  width  of  its  impression,  and  marks  this  line  ^  i^  hy 
means  of  his  square  and  tradng  point.  The  spreader  or  teerer  now  besmears  the  doth 
with  the  colour,  at  the  commencement,  upon  both  sides  of  the  sieve  head ;  because,  if 
not  uniformly  applied,  the  block  will  take  it  up  unequally.  The  printer  seizes  the 
block  in  his  right  hand,  and  dips  it  twice  in  different  directions  upon  the  sieve 
doth,  then  he  transfers  it  to  the  calico  in  the  line  a  b,  as  indicated  by  uie  four  points 
abed,  corresponding  to  the  four  pins  in  the  comers  of  the  block.  Having  done  so, 
he  takes  another  dip  of  the  coloar,and  makes  the  points  a  b  fall  on  o  (i,  so  as  to  have 
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At  the  second  stamp  al  V,  coyering  a  b,  and  e^  il ;  ftnd  so  on,  throogh  therest^  as  denoted 
by  the  accented,  letters.  When  one  table  length  is  finished,  he  £aw8  the  doth  along, 
so  as  to  bring  a  new  length  in  its  place. 

The  gponnding  in,  or  re-entering  (rentra^e),  of  the  other  colours  is  the  next  process. 
The  blocks  nsed  for  this  purpose  are  ftimished  with  pin-points,  so  ai^'usted  that,  when 
they  are  made  to  coincide  with  t^e  pin-points  of  the  former  block,  the  design  will  be 
correct ;  that  is  to  say,  the  new  colour  will  be  applied  in  its  due  place  upon  the  flower 
or  other  figure.  The  points  should  not  be  allowed  to  touch  the  white  doth,  but  should 
be  made  to  fall  upon  the  stem  of  a  leaf,  or  some  other  dark  spot 

Every  colour  is  printed  separatdy,  the  printer  going  all  through  the  piece  with  one 
block ;  the  rest  of  the  colours  are  next  separately  fitted  into  their  places  by  the  appro- 
priate blocks,  and  the  piece  is  then  ready  for  the  subsequent  operations  for  raising  the 
colours.  Calico  intended  for  printing  by  block  is  idways  smootned  by  the  calender  (see 
Galbmdeb)  the  object  beinf;  to  leave  the  doth  stifi^  so  as  to  facilitate  the  printer  joining 
the  different  block  impressions.  When  pieces  that  have  been  printed  l^  machine  are 
required  to  have  other  colours  inserted  by  block,  as  for  instance,  the  grounding-in  of 
blues,  yellows,  greens,  &c.,  after  printing  and  dyeing  in  madder  colours,  the  same  sort 
of  process  is  adopted,  the  peces  being  dned  and  calendered,  and  then  printed  by  blocks 
technically  termed  ^fD«fK2» ;  these  grounds  are  cut  from  sketches  or  tradngs,  taken 
from  the  dyed  piece  when  calendered,  and,  consequently,  fit  accurately  those  parts 
which  are  intended  to  be  blocked,  llie  grounding-in  of  colours,  after  the  operataons  of 
dyeing,  was  formerly  done  by  pendls,  wmch  were  merdy  small  thin  pieces  of  wood, 
which  were  dipped  in  the  colour,  and  the  necessary  portions  of  the  patterns,  such  as 
leayes,  &c,  painted  in  by  hand.  Of  course,  this  method  soon  gave  way  to  blocks ;  but 
the  use  of  diese  pendls  wsa  continued  down  to  a  comparatiyely  recent  period  for  certain 
colours,  such  as  pencil-blue,  which  being  a  solution  of  reduced  indigo,  was  too  speedily 
ocddised  when  spread  on  the  sieye,  and  required  instantapplication  of  the  pendL  Eyen 
this  colour  was  eyentually  applied  by  block,  by  a  peculiar  kind  of  sieye. 

Of  late  years  the  tedious  hand  labour  of  cutting  or  coppering  blocks  has  been  much 
reduced  by  stereotyping ;  when  the  pattern  has  seyeral  repeats  on  the  block,  a  cast- 
ing in  type-metal  being  made  of  the  pattern,  and  as  many  of  these  as  requisite  arranged 
on  a  plain  block,  and  securely  nailed  down.  It  is  obyious  that  the  matrix  once  made, 
an  infinite  number  of  castings  can  be  easily  produced ;  Uie  skilled  labourer  is  therefore 
reduced  to  a  small  portion  of  what  was  formerly  requisite.  The  ordinary  way  of 
making  the  mould  is  to  draw  or  trace  on  a  small  block  of  pear  tree  (sawn  across  the 
grain,  so  that  the  pattern  is  put  on  the  end  of  the  grain),  the  pattern  to  be  typed.  Slips 
of  copper  of  yarying  thickness,  but  uniform  width,  are  then  driyen  down  to  a  certam 
distance  in  the  wood,  just  as  in  the  ordinary  way  of  coppering  blocks.    When  the 

Sattem  is  thus  completed,  the  slips  are  pulled  out,  of  course  leaying  the  pattern  in- 
ented  in  the  wood ;  the  block  is  now  rubbed  with  chalk,  and  a  border  about  ^th  of  an 
inch  deep  of  card  nailed  round  the  block.  Hdted  type-metal  is  now  run  in  leyel  with 
the  top  of  the  card,  and  when  cold,  a  tap  with  a  haimner  on  the  under  dde  of  the  block 
easily  detaches  the  type,  whidi  requires  yeiy  little  trimming  to  be  ready  for  puttins 
on  the  block ;  when  a  number  of  these  aro  arranged  on  a  blod^  the  surface  is  filed  and 
ground  on  a  stone  till  perfectly  leyel.  The  introduction  of  Burch*s  patent  typing 
machine  still  ftirther  simplified  the  stereotyping  process.  In  this  beautiful  inyention 
the  matrix  is  formed  by  steel  punches  of  yarying  shapes,  which  are  moyed  up  and 
down  by  a  stirrup  and  leyer,  and  which  are  kept  heated,  by  a  gas  flame  ingemously 
applied,  to  the  temperature  suffident  to  char  wood,  and  by  moying  the  block  about 
under  tiiese  punches  and  depressing  thom,  the  pattern  is  burnt  into  the  wood  to  a 
uniform  depth,  and  the  labour  of  cutting  and  bending  slips  of  copper,  &c,  done  away 
with. 

There  are  some  interesting  modifications  of  blodc-printing  apparatus  which  may  be 
here  described.  In  1834,  Mr.  Hudson,  of  the  Gale  Print  Works,  near  Bochdale,  patented 
a  mechanical  teerer  whidi  was  to  dispense  with  the  labour  of  children.  The  contri- 
vance consists  in  a  tiayelling  endless  web,  moved  by  power,  whidi  by  posdng  pro- 
gressively from  the  colour  vat  over  the  diaphragm,  brings  forward  continuously  an 
equable  supply  of  the  coloured  paste  for  the  worlmien's  block. 

Fig,  326  represents  the  construction  of  this  ingenious  apparatus,  shown  partly  in 
section,  a  a  is  a  vessel  of  iron,  supported  upon  wooden  standards,  b  6,  over  the 
upper  surface  of  which  vessel  a  sheet  or  diaphragm,  c  c,  of  oiled  doth,  or  other 
suitable  elastic  material,  is  distended,  and  m.ade  fast  at  its  edges  by  being  bent  over 
a  flange,  and  packed  or  cemented,  to  render  the  joints  water-tight.  A  vertical  ppe  d 
is  intended  to  conduct  water  to  the  interior  of  the  vessel  a,  and,  by  a  small  elevation 
of  the  column,  to  create  such  upward  pressure  as  shall  give  to  the  diaphragm  a  slight 
bulge  like  the  swimming  tub. 

An  endless  web,  e  e,  passing  oyer  the  surftce  of  the  diaphragm,  is  distended  oyer 
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three  rollers,/^  h,  the  lower  of  which,/,  is  in  contact  with  the  colour-roller  t  in  the 
oolonr-troogh  x.  On  the  axle  of  the  roUer  t  a  pnllej  wheel  is  fixed,  which  allows  the 
roller  to  be  tamed  by 
a  band  &om  any  first 
mover;  or  the  roller  may 
receive  rotatory  motion 
by  a  winch  fixed  on  its 
axle.  On  this  said  axle  ** 
there  is  also  a  toothed 
wheel,  taking  into  d  an- 
other toothed  wheel  on 
the  axle  of  the  roller/; 
lience,  the  rotation  of  the 
colour-roller  t  in  the  one 
direction  will  cause  the 
roller  /  to  revolve  in  the 

opposite,  and  to  carry  forward  the  endless  web,  e  e,  over  the  elastic  diaphragm,  the 
web  taking  with  it  a  stratum  of  colour  received  from  the  roller  t,  equally  distributed 
over  its  surface,  and  ready  for  the  printer  to  dip  his  block  into. 

The  axles  of  the  rollers /and  g  turn  in  stationary  bearings ;  but  the  axle  of  A  is 
mounted  in  sliding  nuts,  which  may  be  moved  by  turning  the  screws  m,  for  the  purpose 
of  tightening  the  endless  web.  The  axle  of  the  oolour-roUer  t  turns  in  mortises,  and 
niav  be  raised  by  screws  «,  in  order  to  bring  its  surface  into  contact  with  the 
endless  web.  To  prevent  too  ^reat  a  quantity  of  colour  being  taken  up,  the  endless 
web  passes  through  a  long  sbt,  or  puallel  aperture  in  the  finune  o,  wmch  acts  as  a 
scraper  or  doctor,  and  is  a^ustable  by  a  screw  p,  to  regulate  the  quantity  of  colour 
carried  up.  The  contents  of  the  vessel  a,  and  the  colour-trough  x,  may  be  discharged 
when  required  by  a  cock  in  the  bottom  of  each.    This  ^nw 

contrivance  did  not  come  into  general  use,  but  is  still 
employed  at  some  print  works  in  England,  The  Tobying 
sieve  is  a  mode  of  applying  with  one  block  several 
colours  at  once,  whereby  the  cost  of  several  blocks  is 
saved,  and,  what  is  of  more  consequence,  the  cost  of 
labour  is  very  much  reduced,  as  one  printer  produces 
the  same  result  as  the  combined  efforts  of  several. 

Whenever  designs  are  composed  of  coloured  parts, 
where  each  colour  lies  separate,  and  where  the  outlines 
of  the  coloured  parts  are  not  too  close  together,  a  sieve 
of  the  following  oonftruction  is  made  use  of  (Jig.Z27), 
A  block  of  wood  is  scooped  out  in  hollow  oompart- 
ments  b,  which  vary  in  size  and  number  according  to 
the  number  and  extent  of  the  shades  to  be  printed ; 
these  compartments  communicate  by  tubes  b  at  the 
bottom,  with  reservoirs  a,  at  the  sides  of  the  sieve,  over 
t^e  compartments  is  then  stretched  tightly  a  woollen 
sieve ;  the  surface  of  this  doth  is  cemented  with  melted 
resin  string  about  ith  of  an  inch  thick,  following  the 
configurations  of  the  compartments ;  the  use  of  this  is 
to  prevent  the  colours  mixing  and  becoming  blended 
at  the  edges.  Colours  are  now  put  in  the  reservoirs, 
which  are  kept  filled  up  above  the  height  of  the  doth, 
so  that  a  genlie  pressure  is  exerted  against  the  under 
side  of  the  sieve.  The  colours  are  made  of  such  a 
thickness  as  to  pass  through  the  doth,  and  keep  the 
upper  surface  moist,  but  still  not  too  thin,  or  they  would 
spread  when  printed.  The  sieve  being  thus  prepared, 
the  block  is  furnished  with  guides,  which,  working 
against  the  sides  of  the  sieve  finme,  constrain  the  block 
to  be  always  dipped  in  one  place,  and  thus  each  part  oi  the  pattern  finds  itself 
furnished  with  its  proper  colour.  Sometimes  the  compartments  for  the  colours  are 
mside  of  metal  when  required  to  be  durable,  so  as  to  serve-  for  a  large  number  of 
pieces  of  the  same  pattern. 

When  colours  are  required  to  melt  into  one  another,  technically  called  rainbowed 
{fondust  Fr.),  the  following  apparatus  is  used: — a  ▲  (fy,  828)  is  a  rectangular  frame 
of  wood,  about  6  inches  deep,  2  feet  long,  and  about  1  foot  broad.  On  this  &ame  is 
stretched,  by  means  of  small  hooks,  a  woollen  doth,  and  the  frame  then  laid  on  the 
elastic  surfjEice  of  the  usual  swimming  tub,  the  doth  downwards  and  pasted  or  gummed 
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to  the  oilskin  cover  of  the  tab.  At  one  end  is  now  put  the  oolour  leserToir  b  b,  whidi 
consists  of  a  wooden  or  metal  box,  divided  into  water-tight  compartments  longi- 
tudinally by  stripe  of  thin  metal ;  this  box  is  of  such  a  width  as  to  fit  easily  into  one 
end  of  the  frame,  and  resting  on  a  board  of  the  same  size,  fixed  across  the  frame ;  the 
depth  of  the  box  may  be  about  4  inches,  and  the  width  about  8  inches ;  but  this  is 
regulated  by  the  number  of  colours  to  be  blended  or  rainbowed,  A  semi-circular  piece 
of  wood,  of  nearly  the  same  width  as  the  frame,  is  covered  with  printers'  blanket, 
and  a  handle  formed  on  the  top,  so  that  the  teerer  can  move  backwards  and 
forwards.  The  colour-lifter,  c  c,  is  a  flat  piece  of  wood  just  covering  the  colour-box  ; 
on  the  under  side  of  this  are  inserted  wooden  pegs,  as  d,  at  certain  places  detemined 
by  the  widUi  of  the  stripe  of  rainbowed  colour  and  the  number  of  shades  composing  it. 
These  pegs  are  of  turned  wood,  about  JUi  of  an  inch  thick  at  the  small  end,  and  about 
gths  of  an  indi  at  the  thick  end,  this  end  being  also  recessed  so  as  to  lift  more  colour; 
they  are  nearly  as  long  as  the  colour-box  is  deep.  In  the  figure,  suppose  it  is  desired 
to  produce  on  the  sieve  two  stripes,  say  b  of  a  dark  green  in  centre,  and  two  shades  rf 
green  at  each  side,  and  p  of  chocolate  in  centre,  purple  next,  and  diab  next,  at  each 
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side,  the  colour-box  is  filled  thus :  In  No.  1  compartment  is  put  the  darkest  green ; 
in  Ko.  2.  the  medium  green ;  in  No.  8,  the  pcdest  green ;  in  Na  4,  the  chocolate ;  in 
No.  5,  the  purple ;  and  in  No.  6,  the  drab.  The  colour-lifter  is  so  studded  with  pegs, 
that  when  put  into  the  colour-box,  the  pegs  1,  2,  8,  4,  5,  and  6  respectively  dip  into 
their  appropriate  colours.  The  brush,  or  semi-circalar  roller,  o,  is  tnen  moved  up  to 
the  top,  as  shown  in  the  dotted  lines,  the  colour-lifter  being  then  lifted  up  out  of  the 
colour-box  is  held  a  moment  till  the  oolour  has  ceased  dropping  from  the  pegs,  and 
then  lifted  over,  and  the  pegs  allowed  to  de^it  the  colour  on  the  sieve,  as  shown  by 
the  black  spots  1,  2,  8,  4,  6,  and  6.  The  lifter  is  then  returned  to  the  box,  and  a 
fresh  portion  of  colour  lifted,  and  deposited,  as  before,  at  a  difierent  part  of  the  sieve* 
the  spots  of  colour  being  of  necessity  all  in  straight  lines ;  the  brush  o  is  then  moved 
backwards  and  forwards  by  the  teerer  till  the  colours  are  sufiScienUy  rubbed  together 
or  blended  at  the  edges.  It  is  necessary  to  observe,  that  the  thickness  of  the  colours 
must  be  pretty  uniform,  and  sufficiently  thin  to  allow  them  to  mix  at  the  edges.  By 
this  means  one  colour  is  made  to  melt  insensibly  into  another,  and  a  beautiful  shaded 
effect  produced  on  the  sieve,  and  consequentiy  on  the  piece,  when  printed  from  a 
block  oipped  on  it 

The  Perrotine  is  a  machine  for  executing  block-printing  by  mechanical  power; 
and  it  performs  as  much  work,  it  is  said,  as  20  expert  hands.  It  is  in  use  in  many 
factories  in  France  and  Belgium,  in  a  veiy  satisfactoiy  manner ;  but  there  is  reason 
to  believe  that  there  are  none  of  them  now  working  in  this  country.  Three  wooden 
blocks,  from  2j)  to  8  feet  long,  according  to  the  bre»lth  of  the  cloth,  and  fiom  2  to  5 
inches  broad,  laoed  with  pear-tree  wood,  engraved  in  relief,  are  mounted  in  a  powerful 
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cast-iron  framework,  with  their  planes  at  right  angles  to  each  other,  so  that  each  of 
them  may,  in  succession,  be  brought  to  bear  upon  the  face,  top,  and  back  of  a  square 
prism  of  iron  corered  with  doth,  and  fitted  to  revolve  upon  an  axis  between  the  said 
blocks.  The  calico  passes  between  the  prism  and  the  engraved  blocks,  and  receives 
successive  impressions  from  them  as  it  is  successively  drawn  through  by  a  winding 
cylinder.  The  blocks  are  pressed  against  the  calico  through  the  agency  of  springs, 
which  imitate  the  elastic  pressure  of  the  workman's  hand.  Each  block  receives  a 
coat  of  coloured  paste  fiK>m  a  woollen  surface,  smeared  after  every  contact  with  a 
mechanical  brush.  One  man,  with  one  or  two  children  for  superintending  the  colour- 
giving  surfaces,  can  turn  off  about  30  pieces  English  per  day,  in  three  colours,  which 
is  the  work  of  frilly  20  men  and  20  children  in  block-printing  by  hand.  It  executes 
some  styles  of  work  to  which  the  cylinder  machine,  without  the  surfMe  roller,  is 
inadequate. 

The  annexed  cuts  are  taken  from  the  *  Traiti  de  llmpression  des  Tissus,'  of  M. 
Porsoz. 

Fig,  829  is  a  vertical  section,  and^.  880  an  elevation. 

A  cast-iron  framework,  b  b  b  cast-iron  tables,  planed  smooth,  over  which  circulate 
the  blanket,  the  backdoth,  and  the  piece  that  is  printed ;  c  c  o  sliding  pieces,  to  which 
the  block  holders  8,  are  screwed,  and  causing  the  engraved  blodu,  2,  to  move  alternately 
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against  the  woollen  surface^  from  which  they  receive  the  colours  and  the  stuff  to  be 
printed,  by  the  action  of  the  arms  4  and  5,  the  supports  of  which,  6,  rest  on  the  frame 
A,  and  wmch  act,  through  the  medium  of  connecting  rods,  on  the  beams,  7,  keyed  to 
the  slides  c.  The  lower  of  these  slides,  bdng  in  a  vertical  position,  takes  by  its  own 
weight  a  retrograde  movement,  regulated  by  a  counterwdght  b  b  b  are  moveable 
colour-sieves,  keyed  to  connecting  rods,  and  receiving  from  the  power  applied  to  the 
machine  the  kind  of  movement  which  they  require.  These  sieves,  which  are  fiat, 
and  covered  wiUi  cloth  on  the  surface  opposite  to  the  blocks,  slide  in  grooves  on  the 
sides  of  the  tables,  and  recdve  from  the  furnished  rollers  the  colours  which  they 
afterwards  transmit  to  the  blocks,  f  f  f  are  the  colour-troughs  filled  with  colour, 
and  furnished  each  with  two  rollers  8  and  10,  the  last  of  which,  dipping  into  the 
troughs,  are  charged  with  colour,  which  they  communicate  to  the  roller  8,  the  latter 
being  covered  with  woollen  doth ;  and  these  in  their  turn  transmit  their  colour  to  the 
sieves  B,  on  which  it  is  spread  by  the  fixed  brushes,  9.  As  it  is  important  to  be  able 
to  vary  at  pleasure  the  quantity  of  colour  supplied  to  the  sieves,  and  consequently  to 
tho  blocks,  the  rollers,  10,  are  in  conneetioo  with  levers,  11,  which,  by  means  of 
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a^jnstiiig  screws,  bring  them  into  more  or  less  intimate  contact  with  the  lollera  8, 
and  consequently  yary  the  charge  of  colour  at  pleasure. 

The  blanket,  backcloth,  and  fabric  are  circulated  as  follows :— At  the  four  angles 
formed  by  the  three  tables,  b,  are  rollers,  1,  armed  on  their  surface  with  needle-points, 
which  prevent  the  cloths  from  slipping  as  they  pass  round,  and  thus  secure  the  regular 
movement  of  the  stuff  to  be  printed,  a  movement  determined  by  the  toothed  wheels 
21  (jig.  330)  fixed  at  the  extremities  of  the  axes  of  these  rollers,  o  is  a  roller  for 
stretcning  tne  endless  web,  resting  with  the  two  ends  of  its  axes  on  two  cushions 
forming  the  extremities  of  the  screws  12,  by  which  the  roller  can  be  pushed  further 
out  when  required,  to  give  the  doth  the  necessary  tension,  h  is  another  tension 
roller,  supporting  the  blanket  and  backcloth.  x  is  a  roller  which  serves  similar 
purposes  for  the  bkinket,  the  backcloth,  and  the  fabric  in  course  of  being  printed. 
T,  the  blanket,  which  in  its  course  embraces  the  semicircumference  of  the  roller  o, 
passes  over  the  roller  h,  and  behind  x,  to  circulate  round  the  cylinders  1,  and  over 
the  surfaces  of  the  tables  b.  l  is  a  cylinder* from  which  the  backcloth  is  unwound, 
being  first  stretched  by  the  roller  h,  and  then  smoothed  by  the  scrimping  bars  13, 
from  which  it  proceeds  to  join  the  blanket  on  arriving  at  the  roller  k.  u  a  roller, 
from  whidi  Uie  fetbric  to  be  printed  is  unrolled  by  the  movement  of  the  machine,  first 
passing  over  the  scrimping  bars  H,  and  joining  at  x  the  blanket  and  backcloth,  which 
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It  accompanies  in  their  course  till  it  arrives  at  the  roller  a,  when  it  separates  and 
passes  off  in  the  direction  of  the  line  n,  to  the  hanging  rollers,  where  it  is  dried. 

The  machine  is  put  in  movement,  either  by  a  man  with  a  windi-handle,  or  by 
power  communicated  by  a  strap  which  passes  over  the  jwlley  18.  This  pulley  has 
several  diameters,  so  as  to  ^ve  several  speeds ;  it  is  loose  on  the  driving  shaft,  and 
carries  catches  which  lock  into  those  of  a  sliding  catch-box  on  the  sha^  when  the 
machine  is  to  be  put  in  movement.  The  movement  of  the  machine  is  intermittent 
because  the  printing  is  intermittent ;  moreover,  it  must  be  so  regulated  that  the  fabric 
advances  a  mstance  exactly  equal  to  the  breadth  of  the  blo(£s,  and  that  it  moves 
forward  whilst  the  sieves  are  charged  with  coloiir  from  the  rollers  8  8.  This  reBult 
is  obtained  h^  means  of  a  regulator,  or  dividing  wheel  20.  The  wheels  21,  fi:rod  at 
the  extremities  of  the  axis  of  the  cylinders  J,  and  having  each  the  same  number  of 
teeth,  receive  their  movement  from  a  central  wheel  toothed  in  the  same  manner,  and 
placed  behind  the  wheel  20.  The  last  receives  an  alternating  motion  £rom  a  rack, 
24,  fixed  in  a  copper  piece,  26,  and  which  rises  and  falls  alternately,  being  keyed  at 
its  lower  end  to  one  of  the  spokes  of  the  wheel  28.  By  varying  the  position  of  the 
point  at  which  the  end  of  the  rack  is  connected  with  the  spoke  26,  the  length  or 
range  of  its  movement  is  proportionally  changed,  and  more  or  less  of  the  tMth  of 
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the  vheel  20  are  made  to  pass,  which  Tenders  proportionally,  greater  or  less,  the 
advance  of  the  doth  at  each  movement;  and  this  is  farther  regulated  bv  a  ratchet 
wheel  placed  at  d.  At  each  half  turn  of  this  last,  the  lever  22  raises  the  catch  or 
pallet,  and  throws  out  of  gear  the  wheels  21  during  the  other  half  turn ;  but  as  in  the 
working  of  these  wheels  there  would  be  inevitably  a  backward  movement,  this  is 
prevented  by  a  break,  consisting  of  a  pulley,  mounted  on  the  shaft  of  the  axis  of  the 
wheel  20,  and  a  brass  wire  which  after  making  a  turn  and  a  half,  or  two  turns,  on  this 
shaft,  is  stretched  by  the  weight  23,  which  offers  a  sufficient  resistance  to  any  recoil. 
The  slides  or  block-holders  are  put  in  motion  by  the  wheels  27  and  28,  gearing  with 
the  larger  wheel  29.  And  to  vary  their  action  at  pleasure,  both  for  causing  the 
blocks  to  bear  more  or  lees  strongly  on  the  sieves,  so  as  to  be.  more  or  less  chaiged 
with  colour,  and  likewise  for  attaining  the  exact  pressure,  which  suits  best  for  the 
cobur  to  be  laid  on,  it  is  sufficient  to  move  the  points  of  junction,  16  and  17,  to  a 
greater  or  less  distance  from  the  point  marked  15,  which  constitutes  the  centre  of 
oscillation  of  the  beams  that  work  the  slides.  The  movement  of  the  sieves  is  con- 
trolled by  that  of  the  cam  11,  30,  which  works  them  all  three  by  putting  in  motion  a 
shaft  with  which  they  are  respectively  keyed.  The  furnishing  rollers  receive  their 
movement  from  gearing  with  pinions  on  the  axes  of  the  rollers  8  8.  The  general 
working  of  this  complex  machine  remains  to  be  described.  When  put  into  regular 
motion,  and  the  three  blocks  have  delivered  their  impression  exactly  at  the  same 
instant^  three  simultaneous  movements  then  commence. 

Ist.  The  stuff  advances  a  distance  exactly  equal  to  the  breadth  of  the  blocks,  and 
with  it  the  blanket  and  backdoth,  so  that  Uie  portion  of  the  fabric  which  leaves  tiie 
third  block  behind  it^  is  fully  printed ;  that  which  was  under  the  second  advances- 
oppodte  the  third ;  that  which  was  under  the  first,  moves  along  to  the  second ;  and  a 
fresh  breadth  of  white  or  imprinted  fabric  arrives  opposite  the  first.  2nd.  While  the 
doth  is  advancing  as  above  stated,  the  sieves  take  the  place  which  they  occupy  in  the 
section.  Jig.  329,  that  is  to  say,  the  first  on  the  right  hand  rises,  the  second  moves  £rom 
left  to  right,  the  third  descends,  and  in  this  movement  all  three  press  sb'ghtly  on  tha 
ftimishing  rollers  8,  from  which  they  receive  the  colour,  which  has  been  spread  uni- 
formly, by  the  brushes  9.  3rd.  In  the  meantime,  the  slides,  or  blockholders,  by  a  for- 
ward movement,  push  the  blocks  against  the  sieves,  to  charge  them  with  colour,  and 
the  blocks  at  the  same  time  receive  from  the  slides  a  gentle  badcward  movement,  durinff 
which  the  sieves  deviate  from  their  position ;  the  blocks  then  return  upon  them,  and 
are  drawn  back  again  after  being  applied  to  a  new  part  of  tjie  colour  siurface.  When 
these  simultaneous  movements  have  taken  place,  the  action  of  the  machine  proceeding 
without  intermission,  the  sieves  move  back  from  before  the  blocks,  and  these  are 
pushed  up  against  the  latter,  printing  the  position  of  the  fabric  that  is  stretdied  upon 
them.  This  brings  the  machine  to  that  position  at  whidi  the  description  commenced; 
and  this  succession  of  movements  is  renewed  and  repeated  as  long  as  the  operation 
lasts  f  the  printer  having  it  always  in  his  power  to  suspend  the  advance  of  the  stuff 
whilst  the  working  of  the  blocks  and  sieves  continues,  so  that  the  colour  may  be 
re-applied  to  the  same  part  of  the  fabric  as  often  as  may  be  required  for  a  good 
impression. 

There  have  been  several  attempts  at  block-printing  by  machinery  in  this  countiy, 
amongst  which  the  machines  of  Mr.  Joseph  Burch  have  been  most  successful ;  but 
from  one  cause  i>r  another,  none  of  them  have  ever  come  into  general  use,  and  it  is 
unnecessary  therefore  to  particularise  them. 

The  copper-plate  printing  of  calico  is  almost  exactly  the 
same  as  that  used  for  printing  engravings  on  paper  firom 
flat  plates,  and  being  nearly  superseded  by  the  next  machine, 
need  not  be  describ^. 

The  cylinder  printing-machine  is  one  by  which  one  or 
more  colours  are  rapidly  printed  from  engraved  copper 
(flinders  or  rollers  by  the  mere  rotation  of  the  madiine, 
<mven  by  the  agency  of  steam  or  water.  The  productive 
powers  of  this  printing  automaton  are  very  great,  amount- 
ing for  some  styles  to  a  piece  of  30  yards  per  minute, 
or  a  mile  of  printed  doth  per  hour.  Fig.  331  will  give  the 
reader  a  general  idea  of  this  elegant  and  expeditious  plan 
of  printing.  The  pattern  is  engraved  upon  tie  sur&ce  of  a 
hollow  cylinder  of  copper,  and  the  cylinder  is  forced  by 
pressure  upon  a  strong  iron  mandrel,  which  serves  as  its 
turning  shaft  To  famlitate  the  transfer  of  the  impression 
f^m  t£e  engraving  to  the  cotton  doth,  the  latter  is  lapped 
round  another  large  cylinder,  rendered  elastic  by  rolls  of  woollen  cloth,  and  the  en- 
graved cylinder  presses  the  <^co  against  this  elastic  cushion,  and  thereby  prints  it  as  it 
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rerolyes.  Lefc  a  be  the  engiayed  cylinder  mounted  npon  its  mandzel,  wbich  zeoeiTes 
rotatory  motion  by  wheels  on  its  end,  connected  with  tae  steam  or  water  power  of  the 
factory,  b  is  a  larpie  iron  dram  or  roller,  taming  in  bearings  of  the  end  frames  of 
the  machine.  Against  that  dram  the  engrayed  <^ylinder  a  is  pressed  by  weights  or 
screws ;  the  weights  acting  steadily,  by  leyers,  npon  its  brass  beaannn.  Boand  the 
dram  b  the  enmess  web  of  felt  or  blanket  staff  a  a,  travels  in  the  direction  of  the 
arrow,  being  carried  round  alonff  with  the  dram  b,  which  acain  is  taraed  by  the 
friction  of  contact  with  the  cylinder  a.  c  represents  a  clothed  wooden  roller,  partly 
plunged  into  the  thickened  colour  of  the  trough  d  d.  That  roller  is  also  made  to  bear, 
frith  a  moderate  force,  against  a,  and  thus  reoeires,  by  friction,  in  some  cases,  a 
movement  of  rotation.  But  it  is  preferable  to  drive  the  roller  o  from  the  ^lindar  a, 
by  means  of  a  system  of  toothed  wheels  attached  to  their  ends,  so  that  the  surfooe 
speed  of  the  wooden  or  paste  roller  shall  be  somewhat  greater  than  that  of  the 
printing  cylinder,  whereby  the  colour  will  be  rubbed,  as  it  were,  into  the  engraved 
parts  <n  the  latter. 

As  the  (T^der  a  is  pressed  upwards  against  b,  it  is  obvious  that  the  bearers  of  the 
trough  and  its  roller  must  be  attached  to  the  bearings  of  the  cylinder  a  in  ccder  to 
preserve  its  contact  with  the*  colour-roller  o.  6  is  a  sharp-edged  ruler  of  ffun-metal 
or  steel,  called  the  colour  doctor,  screwed  between  two  gun*metol  stiffening  bars ;  the 
edge  of  which  wiper  is  slightly  pressed  at  a  tangent  upon  the  engraved  roller  a.  TtoB 
ruler  vibrates  with  a  slow  motion  from  side  to  side,  or  rijg^t  to  left,  so  as  to  exercise  a 
delicate  shaving  action  upon  the  engraved  surface,  as  this  revolves  in  the  direction  of 
the  arrow,  e  is  another  similar  sharp-edged  ruler,  called  the  lint  doctor,  whose  office 
it  is  to  remove  any  fibres  which  may  nave  come  off  the  calico  in  the  act  of  printings 
and  wliich  if  left  on  the  engraved  ^linder,  woald  be  apt  to  occupy  some  of  tiie  lines, 
or  at  least  to  prevent  the  ooloor  uom  filling  them  alt  This  ^  doctor  is  pcessed 
venr  slightly  upon  the  cylinder  A,  and  has  no  traverse  motion. 

What  was  stated  with  refl;ard  to  the  bearers  of  the  colonz-troug^  d,  namely,  that 
the^  are  connected,  and  moved  up  and  down  together,  with  the  beaiingB  of  the 
cyhnder  a,  may  also  be  said  of  the  bearers  of  the  two  dolors. 

The  working  of  this  beautiful  mechanism  may  now  be  easily  comprehended.  The 
web  of  calico,  indicated  in  the  figure  by  the  lettered,  is  introdoioed  or  carried  in  alcmg 
with  the  blanket  staff  a  a,  in  the  direction  of  the  arrow,  and  is  moved  onward  by  the 
pressure  of  the  revolving  cylinder  a,  so  as  to  receive  the  impression  of  the  pattern 
engraved  on  that  cylinder. 

iBefore  proceeding  to  describe  the  more  complex  machines  which  print  upon  doth 
several  colours  at  one  operation,  bj  the  rotation  of  so  many  flinders  and  roliers,  it  is 
advisable  to  give  some  insight  into  the  modem  method  of  engraving  the  copper 
cylinders.  These  were  formerly  engraved  altogether  by  hand,  in  the  same  manner, 
and  with  similar  tools,  as  the  ordinary  copper-plate  en^vings,  till  the  happy 
invention  of  Mr.  Jacob  Perkins,  of  Ameonca,  for  transfemng  engravings  froih  one 
surface  to  another  by  means  of  steel  roller  dies,  was  with  great  juqpnent  applied  by 
Mr.  Joseph  Lockett  sen.  to  calico-printing,  so  long  ago  as  the  year  1808,  Mfore  the 
first  inventor  came  to  Europe  with  the  plan.  The  pattern  is  first  reduced  or  increased 
in  size  to  such  a  scale,  that  it  will  repeat  evenly  over  the  roller  to  be  engraved;  and 
as  rollers  are  of  varying  diameters,  owing  to  old  patterns  being  tomed  oiE,  &e.,  this 
drawing  to  scale  has  to  be  adopted  for  every  roller,  the  exact  drcamfbrence  of  the 
roller  being  taken  and  the  pattern  arranged  in  accordance  with  this.  This  pattern 
is  next  engraved  in  intaglio  on  a  roller  of  softened  steel,  which  is  of  such  a  size  that 
one  repeat  of  the  pattern  exactly  covers  its  surfiMs ;  generally  these  rollers  are  aboat 
3  inches  long  and  from  ^  an  inch  to  2  or  8  inches  in  diameter.  The  engraver  aids 
his  eye  with  a  lens  when  employed  at  this  delicate  work.  This  roller  is  hardened  by 
heating  it  to  a  cherry-red  in  an  iron  case  containinf  pounded  bono  ash,  and  then 
plunging  it  into  cold  water :  its  sur&oe  being  protected  from  oxidisement  l^a  chalky 
paste.  This  hardened  roller  is  put  into  a  press  of  a  peculiar  constraction,  called  the 
clamming-machine,  where  by  a  rotatory  pressure,  it  transfers  its  design  to  a  similar 
roller  in  the  soft  state ;  and  as  the  former  was  in  intaglio^  the  latter  must  be  in  relievo. 
This  second  roller  bein^  hardened,  and  placed  in  the  engraving-machine,  is  employed 
to  engrave  by  indentation  upon  the  ftdl  sized  copper  cylinder  the  whole  of  its  intended 
pattern.  The  first  roller  engraved  by  hand  is  called  the  die ;  the  second,  obtained 
from  it  by  a  process  like  that  of  a  milUng  tool,  is  called  the  mill.  By  this  indentation 
and  multiplication  ^rstem  not  only  has  the  cost  of  engraving  been  much  diminished, 
but  designs  and  styles  have  been  brought  into  requisition  which  by  no  other  means 
could  have  been  obtained.  The  restoration  of  a  worn-out  cylinder  becomes  extremely 
easy  in  this  way ;  the  mill  being  preserved,  need  merely  be  properly  rolled  over  the 
copper  surface  again.  The  die  roUer  is  made  of  such  a  size  that  its  circumference  is 
exactly  a  fractional  part  of  that  of  the  miUs,  say  one-hidf ,  one-third,  one-fourth ;  then 
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in  the  damming-iiiachine  the  die  revolTing  in  contact  with  the  mill  repeats  its  surface 
so  many  times  on  the  snrflace  of  the  mill.  By  this  means  as  little  ddlled  labour  as 
possible  is  used.  When  a  pattern  having  more  than  one  colour  is  to  be  engrayed, 
the  drawing  is  reduced  to  scale  as  before,  e^  roller  being  made  of  the  same  diameter; 
then  a  tracing  is  made  of  each  colour,  which  is  engiayed  on  a  separate  die  and  mill — 
a  mill  being  required  for  each  colour — ^which  engrayes  its  separate  copper  roller ; 
when  these  rollers  come  to  be  worked  in  the  printing-machine,  each  roller  nts  its  part 
of  the  pattern  into  place,  and  the  original  pattern  is  reproduced.  The  annexed 
drawings  of  engraving  machinery  are  fnmi  those  made  by  Messrs.  Gadd  and  Hill,  of 
Mandiester,  to  whose  courtesy  are  due  also  the  drawings  of  the  printing-machines  and 
their  drying  apparatus  hereafter  desonbed.  Fig,  832  is  a  front  yiew  of  the  clamming- 
machine,  and}^.  333  is  a  side  yiew 

of  the  same,    a  a.  cast-iron  finme-  332 

work;  b  a  headstock  screwed  on 
the  frame  work  a;  o  a  sliding  piece* 
capable  of  moyement  from  back  to 
&ont  on  the  headstock  b;  the 
position  being  determined,  it  is 
secured  by  the  screw  shown  under 
c ;  the  roller  d  reyolyee  in  bearing 
attached  to  the  sliding  piece  o ;  the 
supporting  piece  b  has  a  motion 
bacS^wards  and  forwards  on  the  sup- 
porting piece  o,  which  moyes  up  or 
down ;  0  is  a  small  f^roZ^,  which 
again  supports  the  die  roller  seen 
in  the  centre  of  the  drawing.  The 
roller  v  is  of  softened  steel  called 
the  mill,  which  reyolyes  in  bearings 
attached  to  the  headstock,  which 
has  a  sliding  moyement  on  the  sHde 
block  H,  which  is  moyed  from  ri^t 
to  left  by  the  screw  i,  worked  by 
the  lever  k.  l  is  a  pinion  gearing 
into  the  toothed  wheel  k,  and  turned 
by  the  winch-handle  x ;  the  shaft  p  has  a  sliding  movement  through  the  wheel  k,  and 
carries  the  boss  o,  which  has  a  square  aperture  to  receive  the  centre  of  the  mill,  which 
is  squared  to  fit  into  it  c  is  a  screw  used  to  tighten  and  keep  in  the  desired  position 
the  saddle  pieces  b  o,  indiich  together  are  pushed  up  or  down  to  meet  the  varying  size 
of  the  die. 

The  die  d  having  been  hardened, 
is  inserted  in  the  machine  resting 
on  the  auxiliary  hard  steel  roller 
«,  which  again  rests  on  the  sup- 
porting piece  b;  the  die  being  in 
contact  with  the  hard  steel  roller 
D,  the  soft  steel  roller  or  m^  b 
is  next  forcibly  screwed  up  in  con- 
tact with  the  die,  rotatory  motion 
being  given  to  the  roller  d  by  the 
toothed  wheels,  those  portions  whidi 
are  in  intaglio  in  the  die  become  in 
relievo  on  the  miU.  It  is  then  ready 
for  the  machine  engraver  to  transfer 
its  pattern  to  the  copper  roller. 
Fig,  384  is  an  elevation  of  the 
engraving  machine,  a  a  is  a  inan- 
drel  whi^  carries  the  copper  roller 
b;  the  mandrel  is  fitted  in  the 
universal  joint  c,  which  is  secured 
on  the  shaft  of  the  wheels  d  d, 
which  are  a  double  pair  of  wheels 
for  the  purpose  of  altering  the 
speed  from  mst  to  slow,  and  are 
moved  l^  the  winch-^handle  or 
puUev.  The  lever  b  is  fitted,  wcnks  loosely  on  the  shafti  on  which  is  keyed  the 
wheel  F.    By  means  of  the  screw  o,  the  lenrer  a  can  be  secured  to  the  wheel  f. 
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By  this  contrivance  the  motion  tenned  rocking  is  effected,  that  kind  of  motion  being 
required  when  the  pattern  repeats  at  great  intervals.  The  mill  works  in  bearings 
attached  to  the  pillar  and  carriage  h  e,  which  is  moved  from  right  to  left  bv  the 
screw  1 1 ;  the  mill  is  forcibly  pressed  against  the  copper  roller  by  a  weighted  lever, 
which  forces  down  the  bearings  of  the  mill  in  the  pillar  h  ;  this  lever  cannot  be  shown 
m  the  figure,  but  is  at  right  angles  to  the  roller.    The  mill  being  in  contact  with  ths 


copper  roller,  revolves  with  it  simnltaneonsly  on  the  roller  being  moved  by  the 
wheels  d  d  or  the  lever  b,  and  consequently  impresses  or  engraves  its  pattern  on  the 
copper  roller ;  when  the  mill  has  traversed  the  circumference,  it  is  then  moved  to  its 
next  relative  position  by  the  screw  i,  which  moves  the  pillar  and  carriage  h  ;  the 
exact  distance  the  mill  moves  is  determined  by  an  index  on  the  ^eel  k,  which  is 
divided  into  segments,  corresponding  with  the  number  of  repeats  laterally  on  the 
roller.  The  apparatus  diown  at  i.  is  used  oocarionalljr  when  the  machine  is  emplo^ 
for  turning  off  an  engraved  pattern,  which,  however,  is  generally  performed  in  a  sUde 
lathe,  and  is  unnecessary  further  to  describe  here^ 

Etching  by  nitric  add  is  largely  employed  in  engraving  for  calico-printing.  The 
roller  is  coated  all  over  with  a  Uiin  film  of  bituminous  varnish.  lines  of  any  required . 
form  or  quantity  are  then  traced  upon  it,  which  lay  bare  the  copper  surface  beneath. 
On  immersion  in  a  bath  of  diluted  add,  those  parts  of  the  roller  only  which  are  ex- 
posed become  bitten  or  etched  to  any  required  deptii,  the  remaining  surface  of  the 
roller  bdng  protected  by  the  varnish.  This  process  is  employed  in  combination  with 
the  mill  process,  for  engraving  all  *  solids,'  that  is,  those  parts  of  an  engraving  which 
are  intended  to  contain  masses  of  colour,  to  be  transmitted  to  the  calico  in  the 
printing-machine.  For  this  jpurpose  the  outline  of  the  solid  to  be  engraved  is  first  put 
on  with  the  mill ;  the  roller  is  then  varnished,  and  a  number  of  diagonal  or  angled 
parallel  lines  are  traced  upon  it  with  a  diamond-point.  Those  portions  which  are 
intended  to  be  white  on  the  calico,  are  *  stopped  out,'  or  covered  with  varnish,  by  the 
operative,  and  the  roller  is  ready  for  immersion  in  the  bath  of  diluted  add.  The 
roller  is  removed  when  the  requisite  depth  is  obtained,  is  well  washed  and  the 
bituminous  coating  is  removed,  and  after  slight  examination  and  addition  by  the 
hand  engraver  is  ready  for  the  printer.  But  the  two  most  notable  applications  of 
etching  in  the  trade  of  engravers  to  calico-printers  have  been  the  *  Eccentric'  and 
*  Pent^;ra|J^ '  systems.  The  former  owed  its  greatest  development  to  the  late  Mr. 
Joseph  Lockett,  son  of  the  founder  of  the  eminent  firm  which  stall  bears  his  name. 
It  is  not  essential  to  the  scope  of  this  article,  to  give  an  elaborate  description  of  tiie 
beautiful  and  ineenious  madiineiy  employed,  nor  would  it  be  poedble  without  a  very 
elaborate  set  of  drawings.  It  may  suffice  to  record  that  by  means  of  diamond-pdnts, 
actuated  by  elaborate  machinery,  a  most  curious  variety  of  configurations  is 
produced  on  the  roller.  In  this  process  the  exact  effect  that  will  be  produced  by  any 
given  modification  of  the  machine,  cannot  be  determined  beforehand,  thou^  an 
approximation  can  be  made ;  but  when  a  pattern  is  produced,  and  notes  are  taken  of 
the  relative  podtion  of  the  wheels,  &c.,  the  same  pattern  can  at  any  time  be  reproduced. 
This  system  is  applicable  prindpally  to  ground-works  or,  as  they  are  termed,, '  cqverB,' 
whidi  form  the  biuiee  of  backgrounds  of  many  dasses  of  dedgn  much  in  vQgae  on. 
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Bcoonnt  of  their  utility  and  variety.  The  Pentagraph  system  is  of  later  deyelopment. 
The  process  is  the  foUoTOig : — 

The  pattern  is  first  enlarged  to  seyeral  times  its  size :  this  is  oonyenientl^  done  by 
the  camera.  The  paper  pattern  being  pat  in  the  camera,  an  enlarged  copy  is  thrown 
on  a  table  in  a  darkened  room,  and  is  there  easily  traced  on  paper.  It  is  then  trans- 
ferred to  a  thin  zinc  plate,  and  this  plate  is  then  engraved  with  a  graver,  the  lines  of 
the  engraving  being  adapted  for  the  tracing-point  to  work  ei^y  in.  The  ono 
pattern,  if  of  a  2-  or  more  coloured  pattern,  is  coloured  for  the  gnidance  of  the 
operative.  It  is  then  laid  on  the  bed  or  table  of  the  pentagraph  nuumine,  and  a  var- 
nished roller  being  mounted  in  the  machine,  a  number  of  tools,  corresponding  in 
number  to  the  repeats  laterally,  and  carrying  diamond  points,  are  placed  in  contact 
with  the  roller.  The  operative  then  carries  the  tracer  successively  into  all  the  lines 
of  the  pattern,  a  lever  allowing  the  points  to  touch  the  roller  only  when  necessaiy. 
The  |>fUtem  is  thus  traced  by  the  etching  points  on  the  roller  a  less  size  than  that  on 
the  zinc  plate,  or  the  same  size  as  the  paper  drawing.  The  roller  is  then  painted  and 
etched  with  nitric  add,  as  before  described.  In  1834  Horton  DeveriU  of  Manchester 
patented  the  first  application  of  the  pentagraph  principle  to  engraving  cylindrical 
surfaces  for  calico-pnnting.  It  was  the  simplest  form  of  the  ordinary  pentagraph, 
viz.,  a  rhomboidal  arrangement  of  levers,  the  relative  adjustment  of  which,  through 
appropriate  connections,  secured  the  transfer  to  the  roller  of  the  design  firom  its 
enlarged  copy.  The  time  was  not  propitious  for  the  adoption  of  this  clever 
invention ;  a  machine  was  tried  by  Mr.  Ii0(j:ett,  and  abandoned  less  on  account  of  any 
inherent  defect,  than  because  of  the  very  limited  use  which  could  be  made  of  it  in 
the  then  prevalent  style  of  engraving.  In  1848  Isaac  Taylor  patented  the  substitu- 
tion for  the  single  rhomboidal  £[ame  of  Deverill's  pentagraph,  several  such  frantes  in  a 
continuous  series.  It  was  proposed  to  secure  by  this  means  a  higher  poorer  of 
diminution  in  a  compact  machine,  and  as  a  result,  a  more  perfect  engraving.  He  also 
multiplied  the  number  of  bars  supporting  the  tracing  or  etching  tools.  Wit^  this 
machine  commenced  the  first  commercial  application  of  the  pentagraph  system  of 
engraving  in  England,  though  on  a  very  limited  scale.  In  1854  William  Bigby 
introduced  and  patented  an  improved  machine,  based  on  the  American  invention  g£ 
William  Whipple.  Whipple  had  constructed  a  machine  with  a  curved  bed  for  tiie 
zinc  plate  instead  of  the  flat  tables  of  Deverill  and  Taylor.  The  tracing  point  was 
attached  to  a  swinging  firame,  and  motion  was  communicated  to  the  roller,  and  etching 
tools  respectively  in  a  similar  manner  to  that  shown  in  Bighya  machine,  fiffs,  885  and 
336.  In  a  patent  dated  January  1, 1867,  Bigby  applied  two  rows  of  etdung  tools  to 
his  machine,  whereby  the  time  occupied  in  tracing  the  pattern  was  very  considerably 
diminished.  This  method  was  soon  very  extensively  adopted:  a  reference  to  the 
annexed  figures  will  more  clearly  show  the  main  features  of  this  machine. 

In  Jigs,  835  and  336,  a  represents  the  cylinder  to  be  operated  upon ;  and  5,  the  bed 
or  table  for  the  reception  of  tne  enlarged  pattern  or  original  device ;  c,  the  tracer,  which 
is  made  to  traverse  in  the  direction  of  the  arc  of  the  bed  or  table,  and  by  means  of  its 
connection  with  the  carriage  h^  the  rail  d,  and  the  connecting  arms  e  e,  communicates 
part  of  a  revolution  to  the  bar  or  axis^;  and  thence  to  the  cylinder  through  the  dies 
g  g,  on  which  the  cylinder  rests.  The  cylinder  being  thus  moved  in  a  rotatory  direc- 
tion, will  receive  i^om  the  tools  in  contact  with  it  diminished  copies  of  the  transverse 
lines  -^ch  may  have  been  cone  over  by  the  tracer  on  the  enlar^  pattern  or  device. 
The  tracer  c  being  connected  with  the  carriage  h  which  travels  along  the  rail  d,  will, 
in  passing  over  a  line  running  longitudinally  with  the  machine,  communicate  a  partial 
revolution  to  the  wheel  /  by  means  of  the  bands  of  steel  Jj,  similar  to  watch-springs, 
which  pass  under  and  over  the  small  wheels  k  k,  and  are  passed  round  and  secured  to 
the  large  wheel  I,  which  is  mounted  on  the  vertical  shaft  m,  carrying  at  its  upper  end 
the  small  drum  m\  round  which  passes  the  steel  band  ft,  secured  at  each  end  to  the 
pieces  o  o.  These  peces  are  secured  b^  bolts  or  screws  to  the  sliding  frames  «,  to 
which  the  upper  tool  bar  or  bars  q,  which  support  the  graving,  drilling,  or  etching 
tools  r  r  r,  are  fixed.  Hius  any  motion  of  the  large  wheel  I  will  be  imparted  to  the 
drum  m',  and  by  iti  through  the  steel  band  n  to  the  sliding  firames  p  and  the  tool  bars 
q,  and,  consequentl^r*  to  uie  tools  r,  thereby  transferring  to  the  cylinder  diminished 
copies  of  any  lines  in  a  lateral  direction  that  may  be  ^ne  over  by  the  tracer.  It  will 
be  evident  that  the  result  of  the  simultaneous  action  or  compounding  of  the  two 
motions,  by  passing  the  tracer  over  any  diagonal  or  carved  hue,  will  be  the  pro- 
duction of  a  dimimshed  copy  of  such  diagonal  or  curved  line  by  each  of  the  tools,  a  is 
a  treadle  with  a  vertical  hnk  and  appropriate  leverage,  by  which  the  tools  mapr  be 
brought  in  contact  with  the  cylinder  when  required ;  i  t  Bxe  counterbalance  weights 
for  the  connecting  arms  e  e,  lower  rail  <f ,  &c  ;  «  and  v  represent  a  worm  and  wheel 
for  the  purpose  of  giving  the  roller  an  extra  partial  revolution  when  it  is  required  to 
ennave  upon  a  di&rent  portion  of  the  circumference  of  the  cylinder ;  and  to  efiect  • 
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similar  purpose  in  the  lopgitndinal  directaon,  the  tool  bar  may  be  made  to  shift  in  its 
sliding  frame  with  an  adjusting  screw  attached  to  it,  by  means  of  which  any  degree 
of  ez^titade  in  the  setting  of  the  tools  may  be  obtained. 

In  the  machine^  as  shown  in  the  accompanying  drawings,  the  design  executed  on 
the  cylinder  would  bear  the  same  proportion  in  size  to  the  enlarged  pattern  on  the 
bed  or  table  that  the  small  dram  ml  bears  to  the  large  wheel  /,  and  the  radins  of  the 
^&Beagg,  to  the  radius  of  the  <nrcalar  bed;  bnt  by  the  adoption  of  wheels  and  discs 
of  different  diameters,  any  desired  proportion  between  the  pattern  engrayed  and  the 
enlarged  pattern  may  be  adopted. 

By  minor  improvements,  an  alternate  rererse  action  is  given  to  the  tools  and  bars, 
thus  adapting  me  machine  for  turnover  patterns ;  also  more  than  one  row  of  points 
may  be  atta<£ed  to  each  bar.  In  1857  William  Shields  patented  a  machine  in  which 
he  substituted  a  flat  table  for  the  carved  table  of  Whipple  and  Kigby,  and  applied  an 
ingenious  and  original  method  of  vaiying  the  dimensions  of  the  design  on  the  anc  plate 
in  transferring  it  to  the  roller.  The  tracing  instrument  communicates  motion  to  the 
etching  tools  through  the  intervention  of  inclined  planes,  so  that  by  varying  the  angle 
of  these  planes  motion  is  transmitted  in  the  required  proportion ;  motion  is  communi- 
cated to  the  cylinder  through  similar  apparatus.  The  remarkable  facilities  offered  by 
this  machine  caused  its  immediate  adoption  by  Messrs.  Lockett,  Leake,  and  Co.,  d 
Manchester,  by  whom  it  has  been  most  extensively  used  in  their  own  works,  and 
manufactured  for  the  trade  in  England  and  on  the  Continent.  A  reference  to  th^ 
annexed  diagram  will  more  clearly  show  the  peculiarities  of  this  machine. 

Fiff,  887  is  a  longitudinal  section  of  the  machine ;  Jig,  838  is  a  plan-view.  The 
framework  of  the  machine  is  shown  at  a,  provided  with  a  table  b,  upon  iHiich  is  placed 
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the  design  to  be  copied.  The  tracer  o  is  jointed  upon  a  rod  d,  which  rod  d  passes 
£reely  through  a  bar  e,  and  between  slides  /,  moxmted  upon  the  said  bar,  which  there- 
fore act  as  guides  when  the  rod  is  moved  to  and  fro  in  the  direction  of  its  length. 
This  rod  d  is  attached  atone  end  to  a  cross-bar  y,  carried  by  parallel  bars  A,  which  rest 
upon  flanged  rollers  t,  capable  of  rolling  upon  fixed  rails  k ;  as  therefore  the  tracer  c  and 
bar  d  are  moved  longitudinally,  the  bar  g  and  its  parallel  supports  are  caused  to  par- 
take of  a  like  motion.  To  the  bar  h  is  fixed  a  bracket  I,  which  carries  at  its  upper 
end  a  stud  m,  projecting  into  a  groove  formed  lengthwise  in  a  lever  n ;  this  lever  is 
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'attached  by  an  arm  o  to  a  cros8-1baT  j>,  and  is  capable  of  being  turned  upon  its  centre 
60  as  to  occupy  any  angle  in  reference  to  the  tracer  rod^  <£,  being^  confined  in  any 
desired  position  by  a  tightening  screw  q^  and  thereby  oonstitnting  an  inclined  plane  for 
the  stnd  9n  to  act  against ;  the  cross-bar  p  rests  upon  flanged  rollers  r,  which  roll 
upon  a  fixed  bar  «,  provided  with  a  groove  for  the  purpose  of  allowin|;  the  arm  o  to 
travel  along  its  length.  To  the  bar  |>  are  affixed  the  carnages  i«  of  the  toola.  The 
upper  part  of  the  bar  «  (through  which  the  tracer  rod  passes)  carries  a  stud  6  situate 
within  a  groove  formed  m  a  lever  6,  which  lever,  like  that  shown  at  n,  is  capable  oi 
being  turned  upon  its  centre  to  any  angle,  so  as  to  oonstitnte  an  inclined  plane  for  the 
stud  5  to  act  against,  and  of  being  confined  to  any  desired  po«itaon  by  means  of 
tightening  screws  7.  The  boss  of  the  lever  6  carries  an  arm  8,  which  extends  upward, 
and  is  there  connected  with  a  cross-bar  9,  to  which  are  attached  raiallel  bars  10, 
Tanning  upon  flanged  rollers  11,  situate  upon  fixed  bars  12,  upon  mich  the  ^liader 
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A  bears  so  as  to  communicate  rotatory  motion  thereto.  The  operation  of  the  machine 
is  as  follows : — The  tracer  being  pushed  inward  or  drawn  outward,  will  cause  the 
parallel  bars  h  to  move  in  a  similar  direction,  thus  carrying  the  bar  a  and  stud  m 
along  the  inclined  groove  in  the  lever  n,  by  which  means  the  bar  p  will  be  caused  to 
move  transversely,  carrving  with  it  the  tools  along  the  surface  to  be  operated  upon, 
and  thus  the  operation  in  one  direction  is  accomplished.  A  crosswise  movement  oi 
the  tracer  will  cause  the  rod  d  to  move  the  bars  e  g  transversely,  and  the  stod  5  will 
be  forced  against  the  inclined  plane  within  the  lever  6,  so  as  to  efiEbct  a  longHudinal 
motion  of  the  bars  10,  whereby  the  ribs  13  will  act  against  a  ^art  upon  the  axis  of 
the  cylinder  ▲,  so  as  to  cause  it  to  revolve,  and  thus  the  motion  in  the  other  direction 
is  obtained.  By  subsequent  improvements  the  pentagraph  system  has  been  greatly 
extended  in  its  application  to  many  styles  of  engraving  hitherto  unapproachable. 
Conspicuous  amongst  them  may  be  noted  the  employment  of  the  punch  and  a  vibratocy 
motion  imparted  to  the  roller,  by  means  of  which  circumferential  lines  are  engraved 
X>n  the  roller  which  have  equal  nj^rking  qualities  with  those  obtained  by  the  mUL 
With  zegard  to  the  2-  and  8-coloured  machines,  we  must  observe  that  as  the  caHeo 
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in  pftflfling  between  the  cjlinden  is  stretched  laterally  from  the  central  line  of  the  web, 
the  figures  engrayed  upon  the  cylinders  must  be  proportionately  shortened,  in  their 
lateral  dimensions,  especially  for  the  first  and  second  cylinders. 

Cylinder  printing,  although  a  Scotch  invention,  has  received  its  wonderful  deve- 
lopment in  England,  and  does  the  greatest  honour  to  this  country.  The  economy  of 
labour  introduced  by  these  machines  is  truly  marvellous ;  one  of  them,  under  the 
guidance  of  a  man,  to  regulate  the  rollers,  and  the  service  d  two  boys,  to  supply  the 
eolour-troughs,  &&,  being  capable  of  printing  as  many  pieces  as  nearly  200  men  and 
boys  could  do  with  blocks. 

Pieces  for  printing  by  machine  are  stitched  together  end  to  end,  in  bundles  con- 
taining from  20  to  40  pieces.  This  was  formerly  done  by  girls,  but  they  are  now 
more  economically  employed  in  tending  stitching  machines.  Perhaps  the  original 
stitching  machine  employed  in  print-works  is  that  shown  in^.  339.  It  is  still  used 
in  dyehonses,  where  pieces  are  temporarily  stitched  togetiier  to  enable  them  to 
undergo  various  dyehouse  operations,  and  where  rapid  unstitching  is  of  consequence, 
which  is  easily  performed  by  unloosing  the  ends  of  the  thread  and  pulling  it  straight 
out. 
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This  machine  was  the  invention  of  Charles  Morej,  in  1849.  A  pair  of  wheels  are 
fitted  with  leaves  on  their  ]^pheries,  and  gear  into  one  another  like  cog-wheels. 
These  wheels  are  mounted  m  suitable  bearings  fixed  to  a  sole  plate,  and  receive 
rotatoiy  motion  by  means  of  a  winch-handle.  The  centre  of  the  teeth  of  both  wheels 
is  cut  away,  so  as  to  form  a  drcular  groove  between  the  two  teeth  which  happen  to 
be  together.  Opposite  to  this  groove,  and  attached  to  the  frame,  there  is  a  bracket  which 
carries  a  sliding  piece,  with  a  spiral  spring  wrapped  round  it.  In  the  end  of  the 
sliding  piece,  which  passes  through  the  bracket^  there  is  a  receptacle  for  the  eye-end 
of  a  needle,  the  point  of  which  rests  in  the  groove  formed  by  the  wheel ;  the  needle  is 
threaded,  and  the  &brio  to  be  stitched  placed  behind  the  wheels,  to  which  rotatory 
motion  is  communicated,  whereby  the  fiibric  is  successively  folded  into  undulations, 
which,  as  the  operation  proceeds,  are  forced  on  the  point  of  the  needle ;  when  the 
needle  is  full,  and  the  piece  at  the  other  side  of  the  wheels,  the  needle  is  pushed  back 
on  the  spring,  removed  from  the  machine,  and  the  thread  drawn  through  the  pieces, 
which  are  then  basted  or  stitched  together.  This  is  a  very  rapid  mode  of  stitching 
ends  of  pieces  together;  but  where  a  number  of  pieces  are  stitched  end  to  end  for  the 
purpose  of  being  put  through  several  operations  without  unstitching,  a  firmer  descrip- 
tion of  stitching  is  required,  and  a  machine  of  more  elaborate  construction  is  used.  A 
machine  inventeid  in  America,  and  hence  called  the  American  Machine,  was  for  a  bng 
time  used.  In  this  machine  the  ends  of  the  pieces  were  hooked  round  a  drcular  table, 
three  sets  of  pieces  being  put  on  at  once ;  the  needle  now  tzaversed  the  inside  circum- 
ference^  sewizig  the  en&,  which  were  then  unhooked.  This  was  found  troublesome 
and  not  sufSdently  expeditious,  and  afterwards  a  modification  of  the  Wilcox  and 
Gibbs  sewing-machine  was  introduced.  This  is  being  rapidly  superseded  by  a  very 
beautifhl  machine  invented  by  William  Birch,  of  Manchester  (fy.  340).  It  is  not 
within  the  scope  of  this  article  to  give  a  satis&ctory  description  of  the  details  of  this 
machine ;  in  general  terms,  we  may  say  that  it  makes  the  common  flat  chain-stitch, 
which  is  eaaly  drawn  out  again  when  xequized.    It  is  simple  in  its  working,  and  is  so 
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arranged  that  the  attendant  has  nothing  to  do  but  to  pnt  the  ends  together  and 
hook  the  right-hfund  side  of  the  piece  ends  upon  the  tenter  hooks  of  the  guide  anuj 
and  the  left-hand  side  upon  the  nooks  of  the  feed  wheel ;  the  machine  will  then  start 
itself  and  g^de  the  fabric  across  the  machine.  When  the  ends  are  sewn,  the  g^de 
arm  will  leave  the  fabric,  fall  down,  and  stop  the  machine  until  another  pair  of  piece 
ends  is  attached.  This  arrangement  enables  one  person  to  sow  as  many  pieces  per 
day  as  two  or  three  can  on  other  machines.  These  machines  sew  wet  or  dry,  thick  or 
thin,  doth,  with  equal  facility.  They  are  driyen  by  steam-power.  Fig,  341  is  the 
same  machine,  placed  upon  a  portable  stand  to  work  by  the  foot;  the  stand  is  sr 
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oonstmcted  that  when  stationary  it  rests  upon  two  wheels  and  a  leg,  and  when  being 
moyed  about,  the  act  of  pulling  the  handle  presses  a  third  wheel  with  a  swiyel  upon 
the  floor,  and  the  machine  is  thus  easily  removed  from  place  to  place.  There  is  no 
guide  arm  to  this  machine,  which  is  used  chiefly  in  the  dvehouse. 

Pieces  are  also  frequently  gummed  together  at  the  ends,  which  is  done  by  pasting 
the  ends  for  about  \\  inch  with  paste  or  gum,  and,  after  laying  one  on  the  other, 
drying  them  immediately  on  a  steam-pipe  in  firont  of  the  operator.  This  mode  is 
advantageous  for  some  purposes,  as  when  the  pieces  come,  in  the  subsequent  operation8» 
into  hot  water,  they  are  easily  detached  one  from  the  other. 

By  whichever  of  these  modes  the  pieces  are  joined  together,  they  are  then  wound 
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in  roIlB  of  about  40  pieces  by  a  machine  called  a  candroy,  which  winds  them  on  the 
wooden  beam  which  fits  in  at  the  back  of  the  printing-machine ;  the  doth  during  the 
operation  of  winding  becomes  stretched  lateral^  quite  smooth,  by  the  aid  of  one  or  two 
grooved  stzetching  bars,  as  described  in  fig,  347,  a  due  degree  of  strain  being  kept  on  the 
piece  by  its  passing  under  and  oyer  several  plain  wooden  bars,  and  to  the  axis  of  the 
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wooden  beam  which  receives  the  pieces  being  suspended  weights  which  keep  it  forcibly 
in  contact  with  the  wooden  drum  which  turns  it  by  fiiction.  In  this  machine  the  ends 
of  the  axis  of  the  beam  pass  through  slots,  which  allow  it  to  rise  as  the  pieces  become 
wound  on,  and  the  diameter  consequently  increases.  If  fewer  peces  than  40  are  to  be 
printed  in  one  pattern  or  colouring,  it  is  usual  to  stitch  a  few  vazds  of  old  doth 
between  two  pieces  wh«re  the  change  is  intended  to  be  made ;  by  this  means  the 
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printer,  on  coming  to  the  waste  piece  stops  his  machine,  and 'fits  another,  pattern  or 
changes  the  colours  without  damaging  good  doth. 

A  very  good  sort  of  candroy  for  this  purpose  is  that  made  by  Fumival.  of  Haslingr 
den :  ]plan,  side  and  end  elevation  of  wMch  are  annexed  {fig,  342).  a  x  are  the  cast^ 
iron  sides  of  the  machine ;  b,  a  cast-iron  roller  turned  by  the  pullies  c  c,  keyed  upon 
the  same  centre  ;d,' a  roller  or  shell,  upon  which  the  cloth  is  wound,  the  lx)llor  D 
being  pressed  upon  the  roller  b  by  the  levers  b  e,  which  are  keyed  upon  the  shaft  f, 
and  on  the  end  of  the  same  shaft  the  brake  pulley  c  is  keyed ;  the  friction  of  the 
wrought-iroa  strap  h  round  the  brake  pulley  holds  the  levers  b  tightly  upon  the  ends 

of  the  roller  d,  but  allows  the  levers 
^*^  to  rise  as  the  roller  d  increases  in 

diameter  by  the  doth  being  wound 
upon  it;  i  is  a  brass  spreading  roller 
(further  described  where  the  finishing 
room  is  treated  of)  to  stretch  the 
doth  before  the  entering  between  the 
rollers  Band  d;  x  and  m  are  wrought- 
iron  bars ;  l  and  x  are  scrimping 
bars,  o  is  a  lever  working  on  a 
pivot;  to  the  longer  end  of  this  lever 
and  near  the  pivot  is  fjEutened  one 
end  of  the  iron  stzap  b,  and  near 
the  handle  of  the  same  end  of  the 
lever  is  a  weight  p  depending  £rom 
a  chain ;  a  q  are  hanmes  for  start- 
ing or  stopping  the  machine  by  shift- 
ing the  strap  on  or  off  the  loose 
pulloy.  The  doth  is  passed  under 
the  iron  bar  K  over  the  scrimping  bar 
L,  under  the  scrimping  bar  ic,  over 
the  iron  bar  k,  under  the  spreading 
roller  i,  and  wound  upon  tne  sheU 
D ;  to  remove  the  roll  of  doth  when 
finished  winding,  the  handle  o  with 
the  weight  is  lifted,  whidi  relieves 
the  pulley  o  £rom  the  pressure  of  the 
iron  strap  and  allows  the  levers  b  to 
be  lifted,  when  the  shell  with  its  load 
of  doth  is  detached. 

The  proper  hygrometric  state  of 
calico  when  printing  should  be  at- 
tended to ;  veiy  dry  calico  does  not 
take  colours  or  mordant  nearly  so 
well  as  when  containing  a  certain 
amount  of  hygrometric  moisture. 
^  Practically  this  is  attained  by  the 

bleached  pieces  being  stored  in  the 
*  white  room,'  generally  several 
hundred  pieces  in  advance,  and  they 
easily  abrorb  suffident  moisture  £com 
the  air  to  be  in  a  propor  state  for 
printing  on. 

Should,    however,    drenmstanoes 

prevent  this  taking  place,  the  peces 

are   conditioned    by   being   passed 

through  the  spray  of  water.     The 

machine  for  this  purpose  consists  of 

a   rectangular  box,    dosed  with  a 

stratum  of  water  at  the  bottom ;  one  or  more  revolving  brushes,  set  at  a  right  angle 

to  the  piece,  dip  slightly  into  the  water,  and  being  made  to  revolve  vezy  rapidly,  a 

continuous  fine  spray  is  produced,  and  the  pieces  are  drawn  rapidly  through  the 

upper  part  of  the  machine,  entering  and    leaving  the  machine  through  narrow 

apertures,  a  little  wider  than  the  pieces,  and  are  wound  on  a  batching  roller.    In 

its  rapid  passage  through   the  spray  the  doth   becomes  slightly  dMnped.     The 

'  white  room '  where  the  bleached  <»lico  is  stored  is  generally  pissed  in  some  cool  part 

of  the  works,  and  sometimes  built  over  a  part  of  one  of  the  reservoirs, 

A  sheaong-aaadun^  is  now  genezally  employed  to  zemoTO  any  knots,  looM  ftbra^  or 
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doirii  from  the  white  doth  previoas  to  printmg  by  maehina.  The  sheaxing-machine 
of  Mather  and  Piatt  here  shown,  ji^*  843,  takes  up  the  pieoes  firom  the  stitched 
bundle,  and  winds  them,  after  sheanng,  in  a  roll  ready  for  the  printinff-nuu^ne. 
a  is  the  brush  for  the  back  of  the  cloth;  i,  spiral  cutter;  c,  beds ;  d^  bru2i  for  face 
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of  doth ;  ^  main  driving  shaft ;  /,  batching  roller.  The  machine  has  fast  and  loose 
driying  pnUies  12  inches  in  diameter  by  %\  inches  broad,  which  make  250  roTolutions 
per  minute.  The  doth  passes  rapidly  oyer  the  spiral  knives,  which  revolre  also 
rapidly,  and  give  a  slicing  effect  from  side  to  side  of  the  doth.  In  some  cases  this 
machine  is  umd  instead  ^  singeiujg  before  bleaching,  but  is  generally  used  as  a  final 
remover  of  loose  matters  before  printing. 

In  mounting  two  or  more  cylinders  in  one  fi»me,  several  adjustments  become 
necessary.  The  first  and  most  important  is  that  which  ensures  tne  correspondence 
between  the  parts  of  the  figures  in  the  successive  printing  rollers,  for  unless  those  of 
the  second  and  subsequent  engraved  cylinders  be  accurately  inserted  into  their  re- 
spective places,  a  confused  pattern  would  be  produced  upon  the  doth  as  it  advances 
round  the  pressure  cylinder. 

Each  cylinder  must  have  a  forward  adjustment  in  the  direction  of  rotation  round 
its  axis,  so  as  to  bring  the  patterns  into  correspondence  with  each  other  in  the  length 
of  the  piece ;  and  also  a  lateral  or  traverse  adjustment  in  the  line  of  its  axis,  to  e^t 
the  correspondence  of  the  figures  across  the  paece ;  and  thus,  by  both  togetJier,  each 
cylinder  may  be  made  to  work  symmetrically  with  its  fellows. 

J^.  344  is  an  end-elevation  of  a  4-colour  printing-machine,  and  fig^  345  is  a 
section  of  same :  the  same  letters  of  reference  refer  to  both.  ▲  is  the  cast-iron  frame- 
work,  bolted  to  a  corresponding  fnunework  by  the  bolts  b,  with  a  sfMice  of  firom  8  to 
4  feet  between ;  c  is  the  pressure  cylinder,  about  2  feet  diameter,  of  iron,  but  hollow, 
and  between  3  and  4  feet  long,  according  to  the  sort  of  doth  the  machine  is 
intended  to  print ;  D  are  the  copper  rollers,  the  width  of  a  piece  of  cloth ;  b  are 
WTOught-iron  mandrels  on  which  the  copper  roller  is  forced  by  a  screw  press,  the 
mandrel  being  about  4  inches  in  diameter  where  the  roller  fits  on,  but  with  journals  of 
smaller  diameter.  Hie  roller  is  made  with  a  projecting  piece  inside,  about  \  an  inch 
broad  and  \  of  an  inch  deep^  extending  all  the  width  of  the  roller;  this  tab,  as  it  is 
called,  fits  in  a  slot  cut  in  the  mandrel,  which  causes  it  to  turn  without  slipping  on  the 
mandrel ;  the  pressure  cylinder  or  bowl  c,  rests  with  its  gudgeons  in  bearings  or 
bushes,  which  can  be  shifted  up  and  down  in  slots  of  the  side  cheeks  a  ;  these  bushes 
are  jrofpend^d  ftoni  poworful  screws  f,  which  turn  in  bran  nuts  made  fast  to  tho 
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finme  ▲«    Theee  screws  oonnteiact  the  pressure  upwards  of  the  two  lowest  rollers, 
and  enable   the  bowl  to  be   lifted  out  of  the  way  of  the  rollers,  &c,  when 
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they  have  to  be  remoyed.  go  are  sliding  peoes,  moying  in  arms  of  the  ftame- 
work,  by  means  of  screws  hh.  These  sliding  pieces  cany  the  bearings  of  the 
mandrels ;  to  them  are  also  attached  the  colour  boxes  and  aoctors.    The  screws  h 
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work  in  female  screws  i',  which  form  part  of  a  system  of  jointed  leyers  k.    Theea 
leyeis  are  for  the  purpose  of  giving  an  additional  pressure  or  nip  to  the  loUexs  x>,  tho 
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prensnie  bdog  also  elastic.  There  are  four  pain  of  leyen,  each  pair  bearing  upon 
one  mandrel.  It  will  be  sufficient  to  describe  one  side  only,  both  sides  being  pre- 
cisely alike.  The  two  highest  rollers  are  pressed  against  the  cylinder  by  the  com- 
poond  leyers  nf,  which  have  attachments  to  Uie  arms  of  the  framework  at/,  and  to  the 
inside  of  the  main  framework  at  ^  and  vf  as  falcmms,  and  are  jointed  together  at  hht 
but  the  bent  levers  hyff,  i,  merely  fit  into  sockets*,  of  the  horizontal  levers  Wk', 
which  are  weighted  at  the  ends  xf,  by  moveable  weights  made  to  fit  expanded  parts. 
The  two  lowest  rollers  are  pressed  against  the  cylinder  by  the  system  of  compound 
levers  il\  iHiich  have  attachments  to  the  framework  at  i  and  vf*  as  fulcrums ;  the 
screws  h^  b",  woridn^  in  female  screws  i"  j!\  as  in  the  other  set  of  levers.  For 
convenience  of  removing  the  rollers,  colour  boxes,  &c,  these  levers  are  provided  with 
a  hinged  piece  k,  in  a  socket  o,  on  the  top  of  wldch  work  the  screws  II,  which,  by 
means  of  the  female  screw  in  the  lever  kx*  serve  still  further  to  regulate  the  pres- 
sure; the  lever  x''  I;  is  shown  as  when  the  machine  is  printing,  but  when  the  rollors, 
&».,  are  to  be  removed,  the  lever  is  lifted  by  the  handle,  and  the  hinged  piece  k  pulled 
over,  the  lever  with  its  burden  being  then  lowered  down;  the  weighting  of  these  levers, 
which  are  partly  outside  the  machine,  is  best  seen  in  fys,  344  and  346  where  l  are  the 
weights,  a  are  colour  boxes,  the  sides  and  bottom  of  which  are  made  of  sheet  oopper, 
and  the  ends  of  ^nn-metal ;  in  each  end  is  a  slot  which  receives  the  brass  joumiUs  of 
the  wooden  ftmushing  rollers  p,  which  are  wrapped  with  a  few  folds  of  coarse  calico, 
and,  by  revolving  in  the  colour  and  against  the  engraved  rollers  d,  supplv  it  equally 
all  over  with  the  oolour;  the  superfluous  colour  is  next  wiped  off  by  the  colour  doctors 
T.  These  doctors  are  thin  blades  of  steel  or  brass,  which  are  mounted  in  doctor- 
shears,  or  plates  of  metal  screwed  together  with  bolts ;  the  shears  have  joumals  which 
rest  in  beuings  moveable  backwards  and  forwards  by  the  screws  s ;  the  doctors  are 
kept  in  dose  contact  with  the  engiaved  roller  by  levers  and  weights,  for  the  way  of 
arranging  which,  see  fy,  846,  where  ▲,  b,  c,  are  the  levers  attached  to  the  doctor 
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shears.    On  the  ends  of  these  levers  weights  are  hung,  and  by  this  means  the  doctors 
are  pressed  fordblv  against  the  roller. 

After  printing  the  pattern  on  the  piece,  the  roller  d  is  cleaned  from  threads  or  dust 
by  the  lint  doctors  u,  pressed  against  the  roller  by  the  screws  s,  fiff.  345 ;  any  loose 
threads  from  the  pidoe  are  prevented  by  the  lint  doctors  from  going  into  the  colour,  and 
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consequently  nnder  the  cleaning  doctors,  -where  bj  preventinff  them  fiom  perfectly 
■wiping  the  blank  parts  of  the  roller,  smears  on  the  piece  wotud  ensue.  The  colour 
boxes  are  mounted  on  wooden  boards,  to  giye  them  greater  strength,  and  are  tight- 
ened up  against  the  roller  by  the  screws  b  b  and  w  w ;  the  lower  pair  of  colour  boxes 
are  removed  from  the  copper  roller  when  not  in  use  by  the  handles  v,  after  detaching 
the  screws  ww.  There  is  a  toothed  wheel  slipped  on  to  each  mandriBl,  working  into 
a  toothed  wheel  on  the  axis  of  the  furnishing  roller,  which  ensures  the  copper  roller 
and  furnishing  roller  always  turning  together.  By  means  of  an  excentric,  fixed 
on  the  axis  of  the  pressure  bowl,  and  connected  with  each  cleaning  doctor,  a  regular 
vibratoiy  movement  is  given  to  them,  which  prevents  the  doctor  bein^  worn  down 
unequally.  Sometimes  for  the  highest  rollers,  and  especially  in  machines  of  more 
than  four  colours,  the  cumbrous  colour  box  is  dispensed  with,  and  a  doctor  inserted 
in  a  curved  frame  is  applied  to  the  roller  instead.  In  this  arrangement  the  doctor 
forms  the  bottom  of  the  colour  reservoir,  and  is  pnessed  strongly  against  the  roller ; 
the  curved  frame'  stopped  off  at  the  sides  with  a  piece  of  copper  curved  to  fit  both 
roller  and  frame,  and  which  is  padded  with  a  piece  of  folded  cotton  doth,  forms  the 
colour  box.  This  doctor  box  takes  but  little  room,  and  wastes  but  little  colour,  but  is 
only  used  for  the  uppermost  rollers.  Neither  of  these  arrangements  can  be  shown  in 
/k^',  345.  The  roll  of  pieces  is  shown  at  a,  wound  on  the  wooden  roller  b,  the  axis  of 
which  rests  in  bearings  at  the  end  of  the  arms.  The  piece  is  conducted  under  a 
small  wooden  roller,  next  over  a  square  iron  bar,  and  next 
347  against  the  scrimping  bar  t,  thence  over  the  wooden  roller  x, 

round  which  also  ]pass  the  grey  piece  d,  and  the  woollen 
blanket  e.  The  scrimping  bar  is  a  bar  of  iron  or  brass,  with 
curved  surface,  furrowed  by  grooves,  cut  right  and  left  from 
the  centre,  as  in  fig,  847.  In  passing  over  this  bar,  the  doth 
is  stretched  equally  from  the  centre,  and  any  folds  or  creases 
removed.  In  okder  that  the  piece  may  be  constantly  stretched,  the  roller  b  is  provided 
with  a  wooden  pulley,  round  which  passes  a  leather  strap,  one  end  of  which  is  mads 
fast  to  the  fi»mework,  and  to  the  other  is  attached  a  weight ;  the  friction  of  the  strap 
against  the  pulley  causes  a  retarding  action  of  the  piece,  and  consequently  keeps  it 
stretched. 

J^.  848  is  an  elevation  of  a  12rcolour  machine,  which  is  inserted  to  show  the  way 
in  which  all  machines  are  driven.    The  large  spur-wheel  is  keyed  on  the  axis  of  the 
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pressure  bowl,  and  works  into  pinions  staked  on  the  mandrels ;  there  is  a  peculiarity 
about  these  pinions,  or  box-wheels,  as  the^  are  called,  which  may  be  observed  in  fig, 
848,  but  is  shown  on  an  enlarged  scale  m  fig.  349,  which  is  a  box-whed  detached. 
This  whed  may  be  compared  to  the  fine  adjustment  of  a  microscope,  an  by  means  of  it 
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ihe  zoUeis  tecdye  the  final  and  delicate  adjustment  so  as  to  register  aocnrately 
-with  one  another.  It  consists  essentiallj  of  two  parts :  the  disc  a,  carrying  the  cogs ; 
and  the  hollow  axis  b,  carrying  a  disc  at 
one  side,  and  the  connecting  piece  and 
screw  c  D  at  the  other.  The  part  ▲  ▲,  or 
shell  of  the  wheel,  is  about  10  inches  in  dia- 
meter and  8  inches  broad  across  the  oogs ; 
one  side  of  the  shell  is  cat  out  to  receive 
the  plate  shown  b^  dotted  lines.  This 
plate  is  provided  with  the  hollow  axis  b, 
which  comes  through  the  shell,  and  pro- 
jects about  3  inches,  the  part  projecting 
being  cut  through  at  f  f  ;  fastened  to  it 
also  is  the  connecting  piece  c,  in  which 
works  the  screw  d  ;  this  screw  just  fits  in 
two  projecting  lugs  of,  cast  on  tSie  shell  a. 
The  screw-nut  b  forms  part  of  the  axle 
pieoe^  and  works  in  the  slide  h.  When 
this  wheel  is  used,  it  is  slipped  on  the 
mandrel  which  carries  the  copper  roller, 
and  a  cotter  is  driven  througn  the  deft 
axle  and  through  a  corresponding  cotter 
hole  in  the  mandrel,  thus  firmly  con- 
necting the  mandrel  and  wheel;  the  mandrel  and  roller  being  put  in  their  place 
in  the  machine,  the  cogs  of  the  mandrel  wheel  work  into  the  main  driving  wheels,  as 
shown  in  jE^.  848.  The  coarse  adjustment  of  the  rollers  being  made  when  putting 
them  in  their  places,  the  fine  adjustment  is  made  by  turning  the  screw  D.  It  is 
obvious  that  the  screw  D,  by  pressing  against  the  lugs  o  of  the  shell  a,  which  is 
geared  into  the  driving  wheel,  will  turn  the  mandrel  and  roller  without  moving  the 
cogs.  By  this  arrangement,  any  roller  mav  be  moved  roimd  about  2  inches  at  any 
time  after  being  fixed  in  its  place.  All  machines  of  more  than  one  colour  are  fitted 
witii  these  wheels,  which  indeed  are  indispensable. 

Fig,  860  represents  a  6-colour  printing-machine  aa  made  by  Mather  and  Piatt    k 
is  the  bowl  or  cylinder ;  b,  copper  printing  rollers  upon  iron  mandrels ;  c,  blocks,  &C4 
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or  journals  for  carrying  the  mandrels  and  copper  rollers,  the  blocks  being  adjustable 
by  screws  for  fitting  Sie  pattern ;  d,  setting  up  screws  and  levers  for  giving  the 
pressure  of  copper  rollers  on  to  the  cloth  being  printed ;  b,  framing  of  machine,  with 
nips  or  horns  cast  on,  in  which  the  blocks  work ;  f,  white  cloth  to  be  printed  running 
from  batch  through  the  machine,  and  thence  to  the  drying  apparatus ;  o,  grey  or 
intennediatedoth;  h,  blanket  or  back-doth;  i, f riction-vheel  for  drawing  traverso 


Digitized  by  VjOOQIC 


G06  OALICO.PEINTING 

motaon.    Fig,  861  represents  a  12-colaiiT  pinituig-Diaduiiai^MBtiur  and  Flatt;  A« 
the  bowl  or  q^iinder ;  b,  copper  prmtiiig  zoUerB  on  mandrels ;  o,  woodeii  fomishing- 
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rollers,  (one  nip  only  shown  in  section) ;  d,  copper  colour  box,  (one  nip  only  shown 
in  section^ ;  b,  clocks  or  journals  for  earring  the  mandrels  and  copper  xoUers,  the 
blodu  being  adjustable  by  screws  for  fitting  the  pattern ;  f,  setting-np  screws  for 
giying  the  pressure  of  copper  rollers  on  to  doth  being  printed ;  o,  finming  of  machine 
with  nips  or  horns  cast  on  in  which  the  blocks  work ;  h,  the  white  cloth  to  be  printed 
running  from  batch  throue;h  machine  and  thence  to  drying  apparatus ;  i,  grey  or 
intermediate  doth ;  k,  blai^et  or  back-doth.  The  cuts  here  giyen  with  the  excep- 
tion oififf,  848  do  not  show  any  gearing  or  connection  with  the  motave  power,  as  to 
show  this  effectually  several  more  drawings  would  be  reauired,  and  the  anangement 
will  naturally  suggest  itself  to  those  conyersant  with  mecJianics. 

Hie  system  of  turning  cylinder-madiines,  patented  by  Mr.  Joseph  Leese,  possesses 
several  advantages.  In  this  plan  a  small  high-pressure  oscillating  engine  is  attached 
directly  to  the  axis  of  the  large  cylinder,  thereby  dispensing  with  the  heavy  gearing 
and  shafting  required  when  machines  are  turned  by  a  large  stationary  engine; 
the  machine  printer  also  has  perfect  command  over  the  speed  of  the  machine,  and  can 
fit  the  pattern,  when  it  is  turning  very  slowly,  with  more  convenience  than  on  the 
usual  system.  On  this  system  also  machines  can  be  put  down  in  any  portion  of  the 
works,  and  are  independent  of  the  stataonaiv  engine.  | 

This  system  of  turning  is  now  employed  in  most  modem  print-works,  or  where  new 
machines  have  been  put  down.  • 

Four-,  five-,  and  six-colour  machines,  similar  to  the  above,  are  now  at  work  in  many 
establishments  in  Lancashire,  which  will  turn  off  a  piece  of  28  yards  per  minute,  ea<& 
of  the  three  or  four  cylinders  applying  its  peculiar  part  of  the  pattern  to  the  cloth  as 
it  passes  along,  by  ceasdess  rotation  of  the  unwearied  wheels.  At  this  rate,  the 
astonishing  length  of  one  mile  of  many-coloured  web  is  printed  with  elegant  flowers 
and  other  figures  in  an  hour.  When  we  call  to  mind  how  much  knowledge  and  skill 
are  invdved  in  this  j^rooess,  we  may  fairly  consider  it  as  the  greatest  achievement  of 
chemical  and  mechamcal  sdence. 

The  printers  of  goods  intended  for  hangings,  which  are  generally  of  elaborate  floral 
designs,  employ  machines  capable  of  printing  from  10  to  20  colours  at  once.  These 
machines  are  necessarily  of  very  liurge  dimensions.  Fig.  352  is  an  end-view  of  a 
20-colour  machine,  made  by  Messrs.  Gadd  and  Hill,  of  Manchester  for  Mr.  Kay,  of 
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Oastleton  Print  Works,  and  is  employed  in  printing  veiy  beantiAil  floral  patterns  on 
woollen  £Abric8,  in  imitation  of  those  prodnoed  by  hand-laboni  in  I^nnee. 
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The  general  oonrse  of  printing  is  thus  performed : — ^The  pieces  to  be  printed  are 
wound  on  a  beam,  and,  laist  of  all,  a  few  yards  of  common  coarse  cotton  or  calico, 
kept  for  this  purpose:  this  is  for  tlie  printer  to  fit  the  pattern  on,  to  save  good  doth. 
The  roll  of  doth  beinff  put  in  its  place  behind  the  machine,  the  printer^s  assistant 
stations  himself  behind  to  goide  the  cloth  evenly,  and  pluck  o£f  any  loose  threads  he 
may  see.  The  machine  printer  stands  in  front,  and,  after  having  fitted  the  pattern 
on  the  cloth,  attends  to  supplying  the  colour  boxes  with  colour,  and  regulating  any 
misfitting  or  inequality  in  the  printing.  The  machine  then  prints  rapidly.  After 
running  through  30  or  40  pieces,  the  pnnter  stops  the  machine,  remoyes  the  doctors, 
and  files  them  anew  to  a  berelled  sharp  edge. 

To  prevent  the  blanket  being  too  soon  soiled,  it  is  usual  to  run  grey  or  unbleached 
pieces  between  the  blanket  and  the  white  pieces.  The  blanket,  grey,  and  printed 
pieces  are  dried  separately.  There  are  several  ways  of  drying  aiter  the  machine. 
In  the  earlv  days  of  machine-printing,  the  *  hot  room '  behind  the  machine  was  heated 
by  a  cast-iron  furnace,  termed  the  *  pot,'  which  was  kept  red-hot  or  nearly  so,  and 
large  cast-iron  pipes  formed  the  flue,  which  after  traversing  the  hot  room,  delivered 
the  smoke,  &c  into  a  chimney.  This  arrangement  gave  way  to  cylinders,  similar 
to  those  used  in  drying  machines  and  were  also  employed  in  ooxgunction  with  the 
steam-cheste  hereinafter  described  for  drying  the  pnntod  doth  as  well  as  the  grey 
or  intermediate  doth  and  the  blanket,  but  ezpenence  having  shown  that  many 
colours  and  mordante  are  iigured  by  the  sudden  drying  given  by  the  (flinders, 
these  have  been  pretty  generally  abandoned  in  fekvour  of  steam-chests,  in  drying 
with  which,  the  printed  doth  does  not  absolutely  toudi  the  heated  surfiace,  but 
keeps  moving  on  in  very  dose  pronmity,  the  cylinders  where  they  are  retained  being 
reserved  for  the  '  grev '  and  the  blanket.  One  of  the  most  recent  arrangraiento  only, 
is  shown  in^E^r.  358,  being  that  of  Messrs.  Mather  and  Piatt ;  A,  the  printing-machine 
with  copper  rollers,  (an  8-colour  machine  here  shown);  b,  place  of  steam-engine 
to  drive  the  machine:  c,  white  doth  to  be  printed,  running  from  batch  through 
machine,  and  thence  to  drying  apparatus ;  d,  grey  or  intermediate  doth ;  b  blanket  or 
back-doth ;  f,  framing  of  apparatus  for  supporting  and  carrying  the  rollers  and  steam- 
chesto ;  o,  hollow  steam-cheste  or  chambers,  the  same  width  as  the  madiine,  about  1 
foot  broad  and  3  or  4  inches  deep,  and  connected  with  one  another  by  bent  pipes  a* 
the  end;  k,  upright  with  tightening  trough  apparatus  for  blanket;  i,  upright  with 
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363  tightening  iftckappBiatas  far 

blanket;  x,  plaiting  appaia* 
tos  for  printed  cIoUl  ;  l,  up- 
right and  batching  appaiatuB 
for  grej  cloth;  x,  driving 
puliies  and  straps  for  batch- 
ing  and  plaiting  apparatos. 

The  doctors  used  in  clean- 
ing off  the  superflnons  colotcr 
from  the  rollerSi  are  gener- 
ally thin  blades  of  steel,  of  a 
thickness  yaiyingfrom  ^ndof 
an  inch  to  ^th  of  an  incSi,  ac- 
cording to  the  sort  of  engrav- 
ing on  the  roller ;  but  some 
colours,  such  as  those  con- 
taining salts  of  copper,  -would 
be  too  corrosive  on  a  steel 
doctor,  and  in  this  case  doc- 
tors of  a  composition  like 
brass  are  used.  They  are 
filed  to  a  bevelled  edge,  and 
require  to  be  retouch^  -with 
the  file  after  printing  from 
10  to  30  pieces.  The  cylinder 
or  drum,  in  contact  -with 
-which  revolve  the  copper 
rollers,  is  wrapped  round 
with  a  doth  callea  *  lapping,' 
which  is  generally  a  coarse 
strong  woollen  doth  of  pe- 
culiar make,  and  is  folded 
tight  on  the  cylinder  about 
i  an  inch  thick.  The  blanket 
is  next  put  on  and  drawn 
tight :  tlus  blanket  is  a  very 
important  part  of  the  ma- 
chine ;  it  is  a  thick  woollen 
web,  about  40  yards  long, 
and  requires  to  m  made  wiUi 
great  cave,  so  as  to  be  Tad* 
form  in  texture,  thickness, 
and  elasticity.  If  the  blan- 
ket is  uneven,  it  has  the  effect 
of  throwing  the  pattern  into 
oonfhsion  at  the  uneven 
places. 

A  good  blanket  will  serve 
to  print  10,000  pieces,  being 
washed  whenever  loaded 
with  colour,  and  then  is 
suitable  for  covering  the 
tables  of  the  block  printer. 

In  the  year  1886  Messrs. 
Macintosh  and  Co.  patented 
I    an     India-rubbor     olanket, 
I    which    consists    of    several 
I    thick  cotton  webs,  cemented 
together      with      dissolved 
India-rubber.      This    blan- 
ket is  very  useful  and  eco- 
nomical for  some  purposes; 
the     surfiice     being     very 
smooth,    great    delicacy    of 
impression  is  obtained,  and 
when  soiled  it  is  not  neces- 
sary to  remove  it  from  tb« 
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maehine,'  as^'itM  easily  washed,  by  being  passed  tbrcngh.  a  special  .vashiog. 
TOftchjne,  which  will  be  found  described  subsequeptly.  An  Ihdia-rnbber  blanket 
will  print  20,000  pieces,  which  is  twice  as  much  aa  a  woollen,  one  will  do,  the 
price  per  yard,  beinf; .  also  lower.  .Seyeial  descriptions  of  these  blankets  are 
made  by  Messrs.  Macintosh,  some  of  them  having  a  coating  of  Tulcanised. India- 
rubber  on  the  fiiee  that  is  printed  from,  thereby  giving  a  still  more  elastic 
surfiico.  A  great  improvement  has  been  recently  made  in  these  India-rubber' 
blankets  by  s&inking  or  peparing  the  cotton  previous  to  cementing,  according  to  the 
patent  process  of  Mr,  Jonn  Mercer,  vis.  by  soaking  in  strong  alk^,  and  afterwards 
in  dilute  sulphuric  add ;  this  process  contracts  the  fibre  to  a  certain  eztenti  and  the 
doth  isfoond  to. possess  a  great  increase t^f  strength.  When  made  into  bla^ets  they 
are  found  to  be  more  capable  of  resisting  the  severe  strains  of  the  printing  ptodbRBi 
and  consequently  many  more  peces  can  be  printed  from  them  than  horn  the  M  sor^ 
They  are  made  oy  Kay  and  Co.  of  Accrington,  and  others,  and  are  now  in  general  use. 
The  woollen  blanket,  however,  seems  to  be  preferred  for  several  styles.  Several 
patents  have  been  taken  out  for  printing  without  blankets,  but  have  never  come  into 
general  use ;  but  recentlv  a  mode  of  printing  with  grey  or  uobleached  calico  has  come 
into  use,  which  is  very  mvourably  spoken  of.  In  this  method  a  roll  of  grey  doth  is 
BO  disposed  behind  the  machine  that  the  fabric  can  be  conducted  five  times  through 
the  madiine  before  finally  gdng  away  to  be  wound  on  a  beam  for  removaL  lliere 
are,  therefore,  five  layers  of  doth  under  the  wMte  calico  when  printing,  which  gives 
a  suffidently  elastic  bed  for  Printing  from ;  and  very  delicto  shapes  can  be  got. 
Any  given  part  of  the  grey  dota  is  five  times  uppermost  on  the  pressure  cylinder,  and 
consequently  one  piece  of  grey  doth  is  uised  to  print  five  pieces  of  white.  Gutta- 
percha pressure  cylinders,  or  '  bowls,'  have  been  suggested  by  Dalton,  an  English 
printer;  but  though  thecnretically  preferable  to  iron,  they  do^  not  appear  to  be  mudi 
used.  f 

In  printing  with   aniline  blade  (No.  240),  the  grey  inlennediate  doth»  unless 
lemored  ftom  the  machine  without  drying  in  the  *hot  Twm^'Kod  before  this  peculiar 

S54 


black  has  begun  to  form  upon  the  dotii,  will  be  stained  and  spoiled  for  fhtnre  printing 
upon,  in  consequence  of  the  eztraordinaiy  fastness  of  this  colour,  which,  Nsists  the 
ordinary  bleaddng  operations;  and  this  is  the  place  to  describe  a  vMy  simple 
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maehine  cjlinder ;  b,  tii6  roll  of  white  cloth,  and  cloth  passing;  through  the  maohiiie, 
and  hot  room,  and  being  plaited  down  ;  c,  the  blanket;  d,  the  roll  of  grey  doth,  and 
grey  doth  passing  twice  toroogh  the  printing-machine,  and  then  through  the  wetting 
machine ;  b,  a  wooden  roller  working  in  a  water  tarongh ;  f,  water  troogh,  with  a 
stream  of  water  kept  running  through  it ;  o,  shell  upon  whidi  the  grey  doth  is  wound 
after  passing  through  the  water ;  h,  galleiy  above  the  machine  where  the  printed  doth 
is  plaited  down ;  i,  platform  for  putting  up  the  gr^y  rolls.  Mr.  Fumival  of  Haslingden 
has  introduced  a  machine  for  washing  Inma-mbber  blankets :  ^.  856  is  a  longitumnal 
section,  856  a  plan,  857  is  a  side  eleyation,  and  858  a  cross  section,  a,  an  iron  dstem 
containing  water,  and  forming  the  framework  of  the  machine ;  b,  dreular  brushes, 
with  a  puley  keyed  on  the  end  of  each;  these  brushes  are  turned  by  a  strap  from  the 
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main  driving-shaft  c,  through  the  carrier  pulley  d,  bj'a  strap  as  shown  in  the  doited 
line  B,  so  that  the  brushes  may  revolve  in  opposite  directions ;  f  are  squeeiing  rollers 
of  brass  or  wood,  also  turned  l^  a  strap  finnn  the  driving-Shaft  c.  Glean  water  is 
supplied  to  the  machine  by  being  spirted  upon  the  blanket  before  entering  between 
the  equeesing  rollers  f.  The  blanket  on  leaving  the  printing-machine  charged  with 
waste  edonr,  enters  into  the  machine  and  is  pamed  through,  as  shown  by  the  line  0| 
under  and  over  the  adjustable  guide-rollers  o,  and  is  brought  into  contact  with  the 
revolving  brushes,  and  IMVes  the  machine  by  the  squeering  rollers  f  ;  it  is  then  dried, 
and  returns  again  to  the  printing-machine. 

The  thickening  of  moraants  and  colours  is  a  subject  of  very  great  importanoe  to 
the  printer.  It  is  obvious  that  a  mere  solution  of  sidts  or  colouring  matters,  sudi  as 
used  in  dyeing,  cannot  be  used  in  printing  a  pattern ;  capillaxy  attraction  speedily 
causes  such  a  solution  to  spread  beyond  the  limits  of  the  pattern,  and  Dothiag  but 
ix>nftision  is  the  tesulu  A  proper  degree  of  insjassation  is  then  essentiaL  To  the 
tapabili^  €f  vary  .tfaiek  ooloiir  being  printed  by  engraved  platea.  or  jsolleca  under 
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severe  piresBiire  is  due  the  superior  smartness  of  outline  characteristic  of  goods  pro- 
duced by  these  means.  Where  colour  can  be  laid  on  the  outside  of  the  doth,  so  as  to 
Snetrate  as  little  as  possible  to  the  other  side,  much  brighter  shades  are  produced, 
order  to  obtain  the  most  brilliant  shades  of  colour,  it  is  necessary  that  the  doth 
act  as  a  sort  of  mirror  behind  the  colour,  which  cannot  be  the  case  if  the  fibre  is 
perfectly  saturated  with  colour.  Indei>endent  of  this,  a  great  economy  of  colouring 
materia!  follows  from  the  proper  application  of  the  colour  or  mordant  to  the  face 
only.  This  is  especially  noticeable  in  madder  goods,  where  the  mordant,  if  printed 
in  excess,  is  apt  to  give  up  a  portion  from  the  doth  in  the  dyebeck,  thereby  con- 
suming a  certain  quantity  of  madder  in  pure  loss. 

The  colour-house  should  be  a  spadous  Apartment  on  the  ground  floor,  with  the 
roof  ventilated  in  such  a  manner  that  the  steam  produced  imds  a  epeed^  ent;  at 
one  end,  or  down  one  side,  is  fixed  a  range  of  colour-pans,  varying  in  size,  and  sup- 
plied Vith  steam  and  cold  water.  Colour-pans  are  usually  made  to  swing  on  pivots, 
whereby  they  are  easily  emjptied  and  deaned.  A  range  of  this  sort,  as  manufEMtnred 
by  Messrs.  Storey  &  Co.,  of  Manchester,  is  represented  in  fig*  859.    Tlus  range  con- 
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sists  of  8  double-cased  copper  pans,  containing  ficom  1  to  28  gallons,  riveted  togetiier 
at  the  top^  wired  at  the  eqges,  and  made  perf^y  steatai-light;  they  axe  suppoxtiBd  on 
cast-iron  pillars,  and  are  so  arranged  or  fitted  as  to  swivel  or  turn  over  when  the 
colour  is  required  to  be  emptied,  by  means  of  a  brass  stuffing-box  attached  to  pan, 
and  woridng  in  the  corresponding  part  attached  to  pillar  on  the  one  side,  and  moving 
at  the  other  on  a  plain  brass  mMOUD,  supported  Xtj  a  pedestal  joojeoting  from  pillar, 
the  nozde  having  a  blank  end,  thereby  cutting  off  the  commumcation  of  steam,  which 
is  carried  to  the  following  pan.  They  are  also  supplied  with  a  tx>ndense-tap  to  carry 
off  the  waste  steam  and  water.  Each  pillar  in  the  rauRe,  except  the  last,  is  supplied 
with  a  brass  tap  on  the  top,  with  3  flai^aies,  to  connect  the  steam  and  cold  water  pipes, 
as  more  frdly  explained  hereafter. 

i^fig*  359,  is  a  copper  pipe»  with  one  blank  end,  and  open  at  the  other  with  fiange 
for  the  admission  of  steam,  which  passes  through  the  downward-bent  pipe  marked  b, 
iB<x>nneotion  with  the  brass  tap  on  top  of  pUar,  the  plug  of  this  tap  being  open  at 
bottooi  to  admit  the  steam  down  the  pillar  as  far  as  £e  stuffing-box,  marked  s, 
through  whieh  it  rushes  into  the  casing  of  pans,  and  out  by  the  condense-pipe  d, 
when  required,  o  is  a  copper  pipe,  with  one  blank  end  and  open  at  the  other,  for  the 
admission  of  cold  water  va  coohnjg  the  colour  after  boiling,  and  is  likewise  connected 
witii  tht  tap  OB  top  of  pillar,  as  sl^wn  in^.  860,  madLod/,  the  water  pasaing  through 
*  bb2 
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precisely  in  the  same  manner  as 
the  steam  in  a.  d  is  the  oondense- 
pipe,  with  one  blank  end  and  open 
at  the  other,  -with  flange,  nnder- 
nea^  the  pans,  to  cony  off  "the 
water  or  steam,  and  is  supplied 
witJi  ground  brass  noodes  to  fit 
the  oondenae-tap  at  bottom  of  pan, 
being  accurately  acyuated,  so  that 
in  the  swiyelling  of  pan  it  leaves 
its  seat  and  retoms  perfectly 
steam-tight.  Fig,  860  represents 
an  end-view  of  range,  showing 
more  fully  the  pogUi<m  and  con- 
nection of  steam  and  cold  water  • 
pipes  to  brass  tap,  the  cold  water 
pipe  running  along  back  of  range, . 
the  steam -pipe  above,  parallel 
with  centre  <^  pans,  and  tlie  down- 
wud-bent  pipe  in  front;  and  lik»- 
wise  the  stoppage  in  pillar,  so  ftr 
as  is  necessary,  there  should  be  an 
-"  aperture  for  the  steam  or  water  to. 
meet  the  brass  stdilng-boz.  In  this  fy,  is  also  shown  the  copper  pipe»  with  Mow : 
swivel  tap,  foreupplying  pans  with  i»ld  urater  (one  pipe  to  «ipply  two  yiOM),:  and/ 
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fize^  on  top  of  cold  water  pioe  ezacUy  opposite  pillar,  as  ftirthef  Bboiwn  \n  fg^  861 
marked^.  Fig,  862  ia  an  ena-view  o'  Tax^e,  witk  pillar  cut,  in  order  to  show  the 
position  of  oondense-tap  at  bottom  of  pan,  and  its  connection  with  oondense-pipe,  «nd 
where  the  point  of  separation  takes  place  in  swiyellinj^  by  the  line  marked  A.  It 
will  be  seen  b^  the  foregdng  that  the  process  of  boiling  and  cooling  is  rapid  and 
certain,  ererything  being  accurately  acfjusted  and  steam-tight  thronghont  the  wln^e 
apparatus. 

The  colours  are  placed  in  these  pans  and  stirred  well  all  the  time  they  are  being 
boiled ;  good  istarring  is  yery  essential  to  produce  smooth  colours.  This  was  for- 
merly done  by  hand  with  a  flat  stick,  but  lately  the  best  print  works  have  been  fitted 
with  machinery  oyer  the  pans  to. stir  mechanically.  A  yezr effectiye  plan  of  this  sort 
is  represented  m  /^«.  863  and  864.  It  is  that  of  Messrs.  Mather  and  FUtt,  of  Man- 
chester, the  boilers  in  this  drawing  being  not  reyersible,  though  the  plan  can  be  just 
as  easily  adapted  to  that  description  of  pans.  Fia,  868  is  a  front  eleyation ;  figt  864 
is  a  transyerse  section,  and^.  865  is  a  sectional  plan,  the  same  letters  referring  to  alL 
a  is  a  horisontal  shaft  aboye  the  pans,  fitted  with  a  pair  of  mitre  wheels,  h  h,  for  eadi 
pan.  The  yertical  wheel  b  is  not  keyed  on  the  shaft  a,  but  is  brought  into  connection 
with  it  when  required  by  the  catch  box  e,  which  slides  on  a  key  on  the  shaft,  and 
reyolyes  with  it  (see  small  cuts);  the  catch  box  is  worked  by  a  leyer-handle  (i,  and 
thus  motion  is  giyen  to  the  yertical  shaft  e.  The  shafts  a  and  e  are  both  supported 
by  the  framework /*,  fastened  to  the  wall ;  the  shaft  e  is  terminated  by  the  fnmegkg, 
the  centre  of  whidi,  A,  is  a  continuation  of  the  shaft  e ;  and  the  wings  g  are  hollow  to 
cany  the  shafts  k,  which  are  surmounted  by  the  cop:  wheels  1 1,  which  gear  into  a  cog 


wheel  I  on  the  shaft  e.  The  agitators  n  n  are  xnade  of  flat  brass  rod,  and  are  curyed 
to  fit  the  bottom ;  they  are  connected  with  the  shafts  A;  ifc  by  a  hook  joint,  which  is 
steadied  by  the  conical  sliding  ring  m ;  the  agitators  thus  hang  from  the  shaft  e,  and 
nearly  touch  the  bottom  of  the  boiler.  VHien  the  shaft  e  is  put  in  motion,  the 
^agitators  haye  two  moyements,  one  round  each  other,  and  also  each  on  its  own  axis ;  as 
they  are  set  at  right  angles  to  each  other,  as  shown  in^.  866,  it  follows  that  no  part 
of  the  pan  can  escape  being  stirred.  When  the  colour  is  made,  the  piece  m  is  slid  up 
on  J:,  and  the  agitators  unhooked  and  taken  out,  the  wasto  of  colour  being  yeiy 
trifling,  in  consequence  of  tho  agitators  being  ontlines  only.  The  saying  of  labour 
efiect^  in  a  cobur-house  by  this  machinery  is  yery  ^reat,  as,  after  tuming-on  tho 
steam,  the  pan  may  bo  left  to  itself  till  the  colour  is  fimshed. 

From  the  great  yariety  of  Substances  used  in  mordants  and  colours,  of  yeiy  £ffi)rent 
chemical  properties,  a  yariety  of  thickening  substances  is  required.  Chemical  com- 
bination between  the  mordants  or  colour  and  the  thickening  substance  is  to  be  ayoided 
as  much  as  possible,  for  such  combination  may  be  regarded  as  so  much  pure  loss,  the 
fibre  of  the  fabric  not  being  able  to  decompose  and  assimilate  them.  Seyeral  circum- 
;  stances  may  require  tho  consistence  of  the  thickening  to  be  yaried ;  such  as  the  nature 
of  the  mordanty  its  density,  and  its  acidity.  A  strong  acid  mordant  cannot  be  easily 
thickened  with  starch;  but  it  may  be  by  roasted  starch,  yulgarly  called  British  gum, 
and  by  gum  arabic  or  Senegal.  Some  mordants  which  seem  -  sufikiently  inspissated 
with  starch,  liquefy  in  the  course  of  a  few  da3rs  ;  and  being  apt  to  run  in  the  printing- 
on  make  blotted  work.  In  France,  this  eyil  is  readily  obnated,  by  adding  one  ounce 
of  iroirits  of  wine  to  half  a  gallon  of  colour. 

llie  Very  same  mordant,  when  inspissated  to  diflbrent  degrees,  produces  different 
tints  in  the  dye-copper ;  thus,  the  same  mordant,  thidiehed  with  starch,  ftimishes  a 
'  darkelr  shade  than  when  thickened  with  gnoi.    Yet  t&ere  itre  drcumstanoes  in  whith 
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tliQ  Utter  is  pzef^BTod,  because  it  oonmumicates  more  traospaienoy  to  the  dyesi  and 
because,  in  spite  of  tjhe  -washing  more  or  lees  of  the  stajch  ahrsys  sticks  to  the 
Ittordant.  Chun  has  the  inconvenience,  however,  of  drying  too  speeduj,  and  forming 
a  hard  emst  on  the  cloth,  which  does  not  easily  allow  the  necessary  capillary  attzae- 
tion  to  take  place,  and  the  tints  obtained  are  thin  and  meagre.  The  substances  gene- 
r^y  employed  in  thickening  are : — 


1.  Wheat  flour. 

2.  Wheat  starch. 

3.  Torrefied  wheat  starch,  or  British 

gnm« 

4.  Torrefied  potato  £mnsk 

5.  Gum  substitutes  or  soluble  gums. 

6.  Gum  Senegal. 

7.  Gum  tragacanth. 
.  8.  Salop, 


9.  Pi^-clay  or  chioa-day  mixed 
with  gum  SenegaL 

10.  Sulphate  of  lead. 

11.  Molasses. 

12.  Dextrin. 

18.  Albumen  of  eggs. 

14.  Lactarine. 

15.  Gluten. 

16.  Glue. 


Those  most  used  are  the  first  seven.  The  rest  are  only  adapted  for  special  styles  or 
colours.  The  artifidal  gums  produced  by  roasting  stardi  or  fiirina  are  very  largely 
in  use.  The  acti(m  of  heat  on  starch  causes  a  modification  in  it.  According  to  the 
.degree  of  heat  and  its  duration  a  greater  or  less  modification  ensues ;  the  higher  the 
heat,  the  more  soluble  in  water  the  gum,  but  also  the  browner  and  of  less  thickening 
properties.  The  addition  of  various  acids  and  alkalis  to  starch  or  farina  before  cal- 
cination causes  them  to  become  soluble  at  lower  temperatures  than  without :  different 
.. wdsw  alsow produce  different  results ;  those  most  generally  used  are  nitric,  acetic, 
muriatic  oxalic,  and  recently  lactic  add  has  been  proposed  by  Pochin.  The  propor- 
tion of  add  used  is  very  small,  and,  though  the  effect  is  produced,  the  add  disappears 
during  caldnation.  Small  quantities  of  alkalis  are  also  used  for  spedal  modifications 
of  these  gum-substitu£es.  The  making  of  these  gums  is  a  distinct  branch  of  trade, 
and  finds  empl<^yment  for  large  capital  and  numerous  hands.  In  giving  the  reodpts 
for  the  various  colours,  care  will  be  taken  to  spedfy  the  nature  and  proportion  of 
thickening  to  be  employed  for  each  colour ;  a  most  important  matter,  often  neglected 
by  English  writers  upon  calico«printing. 

It  is  often  observed  that  goods  printed  upon  the  same  day,  and  with  the  same 
mordant,  exhibit  inequalities  in  their  tints.  Sometimes  the  colour  is  strong  and  dedded 
in  one  part  of  the  piece,  while  it  is  dull  and  meagre  in  another.  The  latter  has  been 
printea  in  too  dry  an  atmosphere.  In  such  drcumstanoes  a  neutral  mordant  answers 
best,  especially  if  the  gooda  be  dried  in  a  hot  fine,  through  which  humid  vapours  are 
in  constant  circulation. 

In  padding,  where  the  whole  sur&ce  of  the  calico  is  imbued  with  mordant,  the 
drying  apartment  or  flue,'  in  which  a  great  many  pieces  are  exposed  at  once,  should 
be  sOkConiBtmcted  as  to  afford  a  ready  outlet  to  the  aqueous  and  add  exhalations.  The 
doth  onght  to  be  introduced  into  it  in.  a  distended  stote ;  because  the  acetic  add  may 
aod^mulate  in  the  foldings,  and  dissolve  ont  the  earthy  or  metallic  base  of  the  mordant, 
causing  white  and  grey  spots  in  such  parts  of  the  printed  goods.  Fans  may  be  em- 
ployed with  greater  advantage,  combined  with  hot  flues.    See  YiEiinLATioir. ' 

The  mordant  and  thidcemng,  or  the  dye  decoction  and  tiiickening,  being  put  in  one 
of  the  copper  pans,  is  stirred  by  hand  or  machineiy  and  boiled  till  perfe<Sly  smooth ; 
the  steam  being  then  shut  c/S,  cold  water  is  admitted  to  the  double  casing,  and  the 
colour  oooled«  It  is  then  emptied  out  of  the  pan  into  a  straining  doth,  stretched  over 
a  tub,  and  strained  to  remove  all  gritty  particles,  which  would  be  very  ii\]urions  tothe 
copper  rollers.  A  very  usefiil  straining  machine  was  invented  a  few  years  ago  by 
DoUfus  Mieg  and  Co.  and  patented  m  this  country.  This  machine  is  shown  in 
Jig.  866.  It  condsts  of  a  case  or  cylinder,  in  which  a  piston  is  worked,  either  by 
hand  or  power,  to  press  the  colour  through  a  doth  made  of  cotton,  linen,  hair,  or 
other  suitable  material  at  the  bottom  of  the  case  or  cylinder;  or,  instead  of  the  said 
doth,  a  wire  gause  may  be  used.  The  bottom  of  the  piston  may  be  made  of  wood, 
.  copper,  brass,  gutta  percha,  caoutchouc,  or  other  suitable  materiaL  The  manner  of 
working  the  apparatus  will  be  clearly  understood  by  reference  to  the  drawings,  in 
which  jk7.  866  is  a  dde  elevation  of  the  said  machine  or  apparatus,  and^.  867  a  £ront 
devation  of  the  same,  a  represents  the  case  or  cylinder,  which  is  strengthened  at 
its  upper  part  by  the  iron  band  b,  and  also  at  its  lower  part  by  the  ring  a.  The 
skeleton  plate.  6,  which  forms  the  bottom  of  the  cylinder,  is  removable,  and  sustiuned 
by  the  four  hooks  c.  To  disengage  the  plate  h,  springs  are  fitt^  on  the  ring  d^  which 
•act  vpon  two  of  the  hooks  c,  so  as  to  throw  them  out  from  under  the  grid  h»  Upon 
the.nng  a  the  second  ring  d  is  laid,  which  supports  the  circular  handle  e.  The  upper 
parts  ipf  the  four  hooks  o  lie  upon  four  inclinod  planes  fitted  op'  the  ring  d.    ue 
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modmcjfmmii  is  as  follows  :-^If  the  ring  d  is  turned  right  orMtytlieikaltftoD  plale 
bf  on  wnich  one  of  the  said  cloths  or  wire  ganxe  has  previonsly  been  placed,  wiU  be 
brought  firmly  iq»  to  the  extremitj  of  the  cylinder  ▲;  and  if  the  said  cylinder  be  filled 
with  cdonring  matter,  the  i^ston  n,  being  worked  bv  the  puUey  b,  the  wheels  f,  o, 
H,  I,  K,  and  the  rack  l,  will  force  it  through  the  doth  or  sieve,  to  be  received  in  a 
vessel  under  it  for  the.  purpose ;  and  by  a  proper  arrangement  of  the  teeth  of  the  said 
rack  E,  the  piston  can  only  descend  to  any  reqnized  point  in  the  ^linder.  To  fiici- 
litAte  the  woridng  of  the  appairatos  and  increase  its  general  efficiency,  the  cylinder  is 
fixed  on  pivots  at  n,  so  that  it  may  be  easily  inclined  or  brought  towards  the  operator 
for  the  purpose  of  introducing  the  colouring  matter  or  cleamng  the  vessel.    To  the 
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ring  or  band  b  are  fixed  the  two  handles /and  the  two  catches  h.    The  catches  being 

raised  from  the  notch  k  on  the  frame  p,  Uie  cylinder  may.be  pulled  forward  by  meant 

of  the  handles/,  till  the  hooks,  being  acted  upon  by  a  sprine,  re-engace  themselves 

fit  k  on  the  lower  part  of  the  frame  f,  and  vice  versd.   On  tne  shaft  x  is  diaoed  a  second 

wheel  Q,  by  which  a  reverse  motion  is  obtained,  and  the  piston  ic  rused  tg  its  original 

•position, 

■■    A  stiaining  machine  patented  by  Samuel  Badge  and  Co.  of  Hanchester  has  been 

introduced  into  some  of  the  largest  print  works  in  Lancashire,  and  is  very  fevounbly 

spoken  of  {figs,  868,  860,  370,  371). 

•    Fig,  868,  sectional  view  of  strainer ;  fig.  360,  ground  plan,  showing  fiipyo,<paddle 
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'anditelmup-tab;  jf^**970»  end  eleyation  of  pnmps ;  fiq»  871>  side  elevation  of 
jk,  lid  lever  and  balance  weight;  b,  cylinder  for  holding  colour ;  c  c,  piston  for  snp- 
'porting  copper  Bieves,  for  the  colour  to  pass  throogh ;  d,  ram  for  raising  piston ;  n, 
•hydraulic cylinder;  f,  floor-line;  o  b,  trough  for  condueting  colour  to  tub;  h  h, 
paddle  for  stoppinff  colour  trhilst  changing  tubs ;  1 1,  colour  tubs ;  J,  fixing  for  balance 
to  rest  on  whilst  filling  with  colour ;  x,  for  fastening  down  lid ;  l,  valve  for  raisins 
and  lowering  piston ;  x,  end  elevation  of  pumps,  showing  safetv  valve,  cistern,  and 
'  fly-wheel ;  v,  aide  elevation,  showing  cisterns,  pompe,  fly-wheel,  ftst  and  loose  pullies, 
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and  strap  guide;  o  o,  showing  the  ends  of  pijpes  that  require  connecting  together,  let 
Uie  distance  be  whatever  it  may  between  the  pumps  and  strainer ;  p,  foundation 
plate.  Where  two  letters  together  are  alike  they  refer  to  both  sectional  view  and 
.ground  plan.  This  strainer  will  strain  80  gallons  of  thick  coIolt  in  four  minutes,  and 
be  washed  out  read^  for  any  other  sort  of  colour  in  six  minutes. 

Colours  for  printing  by  block  are  for  the  most  part  thickened  in  the  same  manner 
as  those  for  machine,  but  are  much  thinner,  since  very  thick  colour  cannot  be  allied 
.by  J^lockv  JSome  sobstances  also  can  be  used  in  blodc  printing  that  are  inappbeabla 
I  to  machipe,  such  as  pipe-clay  and  china-clay,  which,  however  finelv  ground,  -still 
^wntidn'gtitlyliarticles^mich  would  speedily  scratch  and  destroy  the  debcateengravhig 
of  the  n^chine  rollers.      . 

A  spadons  drog-room  is  attached  to  the  colour-house  where  all  the  drags  vaad  «re 
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s^pt  away  fh>m  the  Bteam  of  the  colonr-honso.    Near  the  oolonr-hoase  ehoidd  he  a 
vuU  appointed  laboratory,  where  drugs  can  be  tested  and  experiments  made. 
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Formerly,  all  the  decoctions  and  mordants  used  in  print-works  were  made  on  the 
spot ;  but  the  trade  having  very  much  extended,  the  manufacture  of  the  various 
mordants  and  decoctions  of  dyewood  is  now  a  separate  business,  and  printers  can  be 
Buppiied  with  these  articles  at  the  same  or  in  some  cases  a  lower  rate  Uian  they  could 
be  produced  for  on  the  works,  the  quality  also  being  uniform  and  f^ood.  The  printer 
now  only  makes  for  himself  a  few  unimportant  articles.  The  province  of  the  foreman 
colour-maker,  who  is  generally  a  well-paid  and  responsible  servant,  is  to  combine 
these  primary  materials  so  as  to  form  the  different  colours  required  for  the  different 
styles  of  worx ;  as  the  taste  of  customers  varies,  he  is  required  to  be  able  to  make  any 
given  variation  of  shade  at  will,  and  be  able  to  judge  of  the  quality  of  the  various 
materials  submitted  to  hun.  The  ordinary  decoctions  that  are  kept  in  stock  in  the 
colour  department  are : — 


Logwood  liquor. 
Peachwood  liquor. 
Sapan  liquor. 
Quercitron-bark  liquor. 
Gall  liquor. 


Persian-benry  liquor. 
Cochineal  liquor. 
Fustic  liquor. 
Catechu  liquor. 


And  the  various  mordants  and  solutions  are : — 


Bed  liquor,  or  acetate  of 

alumina. 
Iron  liquor,  or  acetate  of 

iron. 
Buff  liquor,  or  pyrolig- 

nito  of  iron. 
Pemitrate  of  ironr 
Permuriate  of  iron. 
r ,  l^rotmnuriat^  of  iron. 


Protochloride  of  tin  in 
solution. 

Oxymuriate  of  tin  in  solu- 
tion. 

Nitrate  of  copper  in  solu- 
tion. 

Acetate  of  copper  in  solu- 
rtion. 

Lime  juice* 

Ammonia  liquoi^ 


Ammoniacal  cochineal 


Extract  of  indifio. 
Extracts  of  madder. 


Acetic  add. 
Pyroligptieous  add. 
Nitric  add. 
Muriatic  add. 
Sulphuric  add. 
Caustic-soda  liquor. 
Caustic-potash  liquor. 
Aniline  hydrochlorate* 
Aniline, 
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Mddy  other  di^  adds  and  salts  are  also  kept  in  stock.  For  the  oonstitTiUott  of  tlie 
mrious  mordants  and  their  preparation,  see  Mobdakts. 

It  would  be  impossible  to  particxdarise  all  the  styles  of  calico-printing.  The  variety 
is  infinite ;  but  they  may  be  broadly  classed  as  follows  :— 

L  Madder  styles^  varieties  of  which  are— 

a.  The  simplest  form  is  a  pattern  printed  in  mordants  on  white  ground,  such  as 
black  and  red ;  black,  red,  and  purple ;  black  and  two  reds,  &c.,  chocolate  being  some- 
times substituted  for  black,  and  brown  from  catechu  being  also  introduced ;  these  are 
dyed  with  madder,  the  ground  remaining  white. 

b.  Any  or  all  of  the  above  mordants,  together  with  Ume-juioe,  technically  termed 
aeidt  printed,  and  a  fine  pattern  printed  all  OYetOT  covered  in  purple  or  light  chocolate, 
then  dyed  madder.  In  this  style  the  red  is  a  peculiar  one,  termed  reeiat  red ;  and  the 
result  when  dyed  is,  that  the  add  and  red  have  prevented  the  purple  or  chocolate 
fixing  on  those  parts,  the  red  remaining  pure  and  ue  acid  having  formed  a  white,  the 
rest  of  the  ground  being  covered  with  the  fine  pattern  or  cover ;  of  this  style  large 
quantities  are  printed  in  black,  purple,  and  add,  and  covered  in  paler  purple,  the 
cover  roller  bdng  any  small  full  pattern,  and  this  not  being  requireato  fit  to  the  other 
pattern,  a  great  variety  of  effects  may  be  produced  by  varying  the  cover :  often  a  still 
weaker  purple  is  padded  or  blotched  in  a  plain  shade  all  over  Uie  piece,  and  in  this  case 
the  only  white  in  the  pattern  is  that  reserved  by  the  add. 

c.  The  French  pink  stvle,  which  is  wholly  various  shades  of  reds  or  pinks,  and  is 
printed  in  one  or  more  snades  of  red  and  octi,  then  covered  or  blotched  in  pale  red, 
then  dyed  madder  and  subjected  to  a  peculiar  dearing  with  soap,  whereby  piu  shades 
of  very  great  delicacy  are  obtained. 

All  these  are  what  are  termed  fast  colours,  and  having,  idR^er  dyeing,  undergone 
severe  soaping,  cannot  be  alter^  by  the  usual  domestic  washing  process. 

In  this  category  must  now  be  classed  goods,  mordanted  as  for  madder,  but  with 
weaker  mordants,  and  dyed  with  alizarine  artificially  made  from  anthracene,  which 
produces  shades  equal  if  not  superior  to  those  dyed  with  madder,  and  which  do  not 
require  as  much  soaping  or  otiier  brightening  process  as  madder.  At  this  date  it 
cannot  be  absolutely  affirmed  that  these  colours  are  as  fast  to  liffht  and  air  as  those 
of  madder,  but  inasmuch  as  the  alizarine  of  the  purest  sorts  of  me  artifidal  product 
is  identical  with  that  of  madder,  it  is  almost  certain  that  modes  of  dyeing,  &c,  will 
oventoally  be  used  which  will  give  a  result  identical  in  every  way  with  madder  dvdng. 
n.  The  same  styles  are  dyed  with  garandn  instead  of  madder ;  heavier  and  dark^ 
colours  bdng  employed.  These  goc^  are  not  soaped,  garandn  produdng  bright 
colours  at  once ;  but  the  shades,  though  still  classed  as  £&st  colours,  do  not  possess  the 
permanence  of  those  dj^ed  witii  mad£r. 

In.  The  first  style  is  f^uentiy  relieved  b^  lively  colours,  such  as  green,  blue, 
yellow,  &c,  blocked  in  after  dydng  and  deanng ;  these  colours  are  generally  what 
are  teamed  isteam-colours;  being  fixed  by  steaming  the  doth,  and  afterwards  washing 
in  water  only,  or  the  printed  or  dyed  pattern  is  covered  with  a  resist  paste  blocked 
on,  and  various  shades  of  drab,  slate,  hnS,  &c,  printed  witii  a  small  pattern  all  over ; 
sometimes  tiiese  colours  are  mordants,  to  be  subsequentiy  (tyed  with  cochineal,  quer- 
dtron  bark,  ^,  or  they  may  be  colours  composed  of  dyewood  decoctions,  mixed  with 
mordants,  and  are  fixed  by  pi»sing  through  soda  or  other  solutions ;  the  result  in 
dther  case  being  that  the  original  pattern,  generally  a  group  of  flowers,  being  pro- 
tooted  by  the  paste  which  prevented  the  subsequent  colour  fixing  there,  stand  out 
pxire,  the  rest  of  the  ground  being  covered  by  the  small  pattern  or  cover.  White  may 
l>e  also  reserved  by  the  paste,  and  frequently  these  white  parts  are  blocked  with  blue, 
yellow,  green,  &c,  as  before. 

rV.  Voided  stjfiu.-^la  these  the  doth  is  first  padded  (as  will  be  hereafter  explained) 
all  over  with  a  liquid  mordant*  dried  and  printed  in  spots  or  figures  with  strong  add, 
or  diecKarge  as  it  is  called,  then  put  through  the  dyeing  operations  necessary  for  the 
shade  required ;  the  printed  spots  remaimng  white,  and  the  rest  of  the  piece  one 
plain  shade.  The  white  portions  are  frequentiy  relieved  by  steam-cokmra  blocked  in. 
y.  Indigo-blue : — a  stvle  of  considerable  importance.  In  this,  a  resist  paste,  dther 
alone  or  accompanied  b^  resTst  yellow,  or  orange  mordant,  is  printed  on  white 
calico,  whidi  is  then  dipped  in  the  indigo  vat,  till  the  shade  of  blue  wanted  is  ob- 
tained. If  yellow  or  orange  is  present,  these  colours  are  raised  with  bichromate-of- 
potash  liquor.  The  peculiar  colours  printed  in  this  style  have  the  property  of  pre- 
venting the  indigo  fixing  on  the  printed  parts,  and  the  result  is  dark  blue  ground,  with 
white,  orange,  or  yellow  spots,  steam-colours  bdng  sometimes  blocked  in  the  whites. 

VL  China4>l/ue$ : — a  modification  of  the  indigo-blue  style,  but  in  this  case  the  pattern 
is  piDdneed  by  indigo  colours,  printed  on  i^te  doth :  the  pieces  are  next  put  thxaagh 
a  peculiar  process,  fixing  the  indigo  in  the  doth,  the  result  bdng  blue  flgores  on 
white  grouim.    All  indigo  styles  are  fiuit  or  permanent 
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VIL  Ikirk^  red  and  <2iacAaiy«.— Od  dyed  Tnikev-red  doth  is  printed  an  add,  or 
add-Bolutions  mixed  -with  piffmentB  or  salt  of  lead;  the  printed  pieces  are  passed 
throng^  chloride-of-b'me  solution,  when  dilorine  is  eliminated  bj  thb  add  colours,  and 
discharges  the  red.  The  piflmenta  or  lead-salt  being  fixed  in  the  doth  at  the  same 
time,  ijter  -washing .  and  chraming  where  yellow  has  to  be  obtained,  the  piece 
presents  a  pattern,  bitten  as  it  were  in  the  Torkey-red  ground.  Bhick  is  also  printed 
along  with  the  other  colours.  A  modification  of  this  style  is  the  well-known  Ban- 
danna style  used  for  handkerchiefs.  Turkey-red  doth  is  folded  in  a  hydraulic  press 
on  a  lead  plate  perforated  with  a  pattern.  When  a  sufiBdent  number  of  folds  are 
made  on  this  plate,  a  predsdy  similar  plate  is  pnt  on  the  top,  so  as  to  register  aocu*' 
ratdy  with  the  bottom  one ;  pressure  beinff  now  applied,  the  doth  is  squeesed  tightly 
between  the  two  plates,  a  tap  being  openea  above  the  upper  plate,  solution  of  chlorine 
18  forced  throng  the  perforations,  and  in  its  passage  through  the  doth,  disdiarges 
the  dye ;  the  chlorine  hquor  is  followed  by  water,  and  the  operation  is  finished :  Uie 
pieces  when  removed  ^m  the  press  bdng  discharged,  according  to  the  pattern  of  the 
lead  plates. 

Vm.  Steam^eolottn, — In  this  style  odours  are  formed  fscm  mixtures  of  dyewood  ex- 
tracts and  mordants,  together  with  various  adds  and  salts,  and  bdng  printed  on  caHoo 
which  has  been  mordanted  with  peroxide  of  tin,  the  pieces  are  exposed  to  steam  at  212° 
in  dose  vessels,  whidi  causes  an  intimate  union  of  the  calico  with  the  dvewood  extract 
and  mordant,  so  that  subsequent  washing  with  water  removes  only  the  thickening  suV» 
stance,  and  leayes  the  doth  dyed  according  to  the  pattern  in  various  colours.  Woollen 
fabrics  and  de-lainee  are  always  printed  in  this  manner,  and  also  often  silk ;  animal 
£Bibrics  not  bdng  well  adapted  for  mordanting  and  dyeing  in  the  same  manner  as 
cotton  faJbncBj  owing  to  the  peculiar  property  of  wool  to  absorb  colouring  matters, 
which  renders  the  obtaining  of  whites,  an  impossibility  where  the  wool  is  steeped  in 
a  dye  decoction.  These  8team-«olours  are.  very  brilliant  and  tolerably  permanent  to 
light,  but  do  not  withstand  hot  soap  sdution,  which  alters  their  shades. 

The  inyention  of  the  superb  odours  made  from  aniline,  which  only  dates  from  1856 
has  caused  a  coDdderable  alteration  in  the  compodtion  of  steam-colours ;  &r  more 
beautiftil  shades  are  now  piodnoed  from  aniline  colours  than  formerly  was  possible 
from  dyewood  decoctions,  and  though  not  faster,  in  many  cases  not  so  fast  to  lig^ 
as  these,  soihe  of  them  will  bear  a  dight  soaping  with  improvement  in  their  tone. 
Within  the  last  five  years  the  colouring  matter  St  madder  extracted  in  a  toleraUv 
pure  form  has  been  'suocessfully  applied  as  a  steam-colour,  various  shades  of  rect 
pink,  chocolate,  and  purple  are  produced  from  extrstcts  of  madder  mixed  with 
aluminous,  feituginous,  or  chromous  salts  of  volatile  adds  and  the  odours  thus  com- 
posed  axe  thickened,  printed,  and  fixed  by  steaming.*  These  odours,  when  properly 
made  and  fixed,  are  as  fiwt  to  soap  and  light  as  those  of  maddered  dyed  goods.  Still 
-Plater  the  aliiaxine  artificially  made  firom  anthracene  has  been  appued  to  the  same 
purposes  as  extracts  of  madder. 

•  DC  Fiffntent-prinHnff, — ^The  colours  in  this  dass  are  the  same  ^gments  as  used  by 
painters,  sudi  as  Scheele's  green,  ultramarine  blue,  chrome  yellow,  &e.,  and  bdng 
•quite  insoluble  in  water  are,  so  to  speak,  cemented  to  the  fibre.  The  vdude  used 
for  fixing  these,  is  generally  albumen,  which  coagulates  when  the  doth  is  steamed,  and 
imprisons  both  doth  and  fibre  with  the  coagulum ;  of  course  these  colours,  though  not 
altered  in  shade  by  soap,  are  detached  in  put  l^  severe  treatment,  such  as  mbbii^  jco. 

The  last  two  dasses  mdt  into  eadi  other  in  the  very  beautiM  steam  chints  styles, 
where  aniline  black  (described  hereafter]|,  madder  extract  or  alizarine  reds,  pnks,  and 
purplesr  pigment  green,  blue,  or  other  pigment  shades,  and  aniline  violets  are  simul- 
taneously printed,  fixed  by  steamins  and  soaped,  thus  producing  delicate  patterns 
which  under  no  drenmstances  could  be  done  by  madder  dyeing,  aided  by  the  subse- 
quent introduction  of  steam-cdours.  When  albumen  is  used  in  sufildent  quantity  for 
the  pigments  and  aniline  violets,  these  colours  are  quite  as  fiuit  as  those  irith  madder 
extract  or  alisaane,  and  even  compare  favourably  with  madder-d]red  shades. 

X.  Smrit-eoUmrs  are  made  in  somewhat  the  same  manner  as  the  steam-cdours,  but 
contain  larger  quantities  of  mordant  and  add,  and  would  not  bear  steaming,  beoiuse  the 
calico  would  be  too  much  tendered  by  the  add,  and  are  therefore  only  dried  and  hung 
up  a  day  or  two,  and  then  washed  in  water.  They  are  the  most  briUiant  colours,  but 
generally  ftigitive,  and  are  not  much  used. 

XI.  BtoneM :  formerly  a  style  in  large  demand,  but  now  almost  obsolete  ^  done  by 
padding  the  doth  in  solution  of  protodhloride  of  manganese,  predpitating  the  oxide 
by  means  of  alkali,  peroxididng  this  by  chloride  of  lime,  and  then  printing  opu 
colours  composed  of  protochloride  of  tin  and  piments  or  decoctions ;  the  protochloride 
of  tin  immediately  deoxidises,  bleadiing  the  brown  oxide  of  manganese,  and,  where 
miiDSd  with  decoptloni  or  pigment,  leaving  a  dyed  pattern  cutting  thron^^  the  ground. 
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'  '    '  First  8t^:  Madders, 

Madder  styUs  being  the  most  important,  denouind  the  most  detailed  deecnptionsb 
The  colours  used  are  of  the  class  tenned  mordants,  which,  not  colouring  matters  them- 
selyes,  act  by  combining  -with  both  doth  and  oolonring  matter.  They  are  generally 
the  acetates  or  pyroligmtes  of  iron  and  alnmina. 

Red  lAqwiT  is  the  technical  name  of  the  pyrolignite  of  alnmina  need  as  mordant 
for  red,  &<*•    See  Bbd  Liquoiu 

Resist^red  Liqaor  is  a  pyrc^gnite  of  alumina  which  contains  little  or  no  8ulphates> 
and  has  the  property  of  not  being  decomposed  i>y  protochloride  of  tin  to  so  great  an 
extent  as  the  (»dinary  Bed  Liquor. 

Iron  Liquor  is  the  pyrolignite  of  iron  used  as  mordant  for  black,  purple,  &c. 
It  is  made,  by  steeping  iron  borings,  turnings,  or  thin  pieces  of  scrap  iron  m  crude 
pyroligneous  acid  (see  Aosno  Acid,  and  Ptbouokbous  Acid),  occasionally  allowing 
access  of  air  to  the  iron  by  drawing  off  the  liquor  and  pouring  it  upon  iron  oontained 
in  another  vat,  the  two  yats  being  thus  alternately  full  of  liquor,  tne  iron  becoming 
oxidised  by  the  air  when,  uncovered  is  more  easily  dissolved.  This  iron  liquor  is  not 
a  mere  solution  of  acetate  of  iron ;  such  a  salt  would  be  of  little  use  as  a  printer's 
moaEdant,  being  decomposed  and  peroxidised  by  the  air  with  too  great  rapidit^r  It 
contains,  in  a<KUtion  to  the  tootoacetate  of  iron,  the  various  substances  found  vn  the 
crude  jnrroligneous  add^  sucn  as  pyroeatechin,  pyruxanthogen,  empyreumatic  oil,  resin, 
fhrfuroC  creosote,  &c,  which  substances  have  a  strong  affimty  for  oxygen,  and  tend  to 
prevent  the  acetate  of  iron  passing  into  a  peroxidised  state.  The  preparation  of  these 
uquors  on  a  large  scale  forms  a  separate  business.  - 

Fi:n»ff  IAquor,-—lifxt  a  long  time  it  has  been  customary  to  add  to  black  and  ]^urple 
colours,  or  mordants,  some  substance  which  has  a  tendem^  to  prevent  the  oxide  of 
iron  f^m  passing  to  the  state  of  peroxide.-  The  oxide  of  iron  necessary  to  produce 
the  best  results  with  madder  is  a  mixture  of  protoxide  uid  peroxide  of  iron,  pro- 
bablythe  black  or  magnetic  oodde,  though  this  point  is-  not  precisely  determined.  If 
the  oxide  should  pass  to  the  red  oxide  state,  inferior  shades  are  produced ;  and  the 
object  of  the  printer  introducing  fixing  liquor  into  his  colour  is  topieveot  this  iigurious 
tendency. 

The  earliest  fixing  liquor  used  was  a  solution  of  arsenious  add ;  and  though  other 
fixers  have  from  time  to  tame  been  introduced,  the  preparations'  of  arsenic  still  hold 
thdr  ground.  A  yenr  cood  fixing  liquor,  that  haa  been  much  used  in  I^cance  and 
England,  it  made  as  follows ;— 

-  No.  1.  Fwrjle  Fixing  lAquor. — 7i  gallons  water,  1^  gallon  acetic  add,  9lbs.  sal- 
ammoniac^  91ds»  arsemons  add  ;  boil  till  the  arsenic  is  dissolved,  and  let  stand  tall 
iquite  dear. 

In  1844^  Mr.  John  Mercer  patented  an  assistant  mordant  liquor  for  the  same  pur- 
pose, which  was  made  as  follows : — 

'  No.  2.  To  100  lbs.  potato  stardi,  add  87^  gallour  water,  128  gallons  nitrie  add, 
spedfie  gravity  1*8,  and  4  os.  oxide  of  manganese.  The  diemical  actaon  which  takes 
place  amongst  these  ingredients  is  allowed  to  proceed  till  the  nitrie  add  is  destroyed. 
To  the  redduum  thus  prodnced  are  added  60  g^ons  of  pyroligneous  add,  and  the  com- 
pound is  the  assistant  mordant  liquor  in  a  fit  state  to  add  to  t£u»  various  mordants  used 
on  printing  and  dyeing.  The  intention  in  making  this  li^or  is  to  cany  on  the  de- 
compodtion  (^  the  nitric  add  and  starch  as  for  as  possible  without  forming  oxalic 
add,  and  as  little  as  possible  of  carbonic  add,  which  is  greatly  aided  by  the  catalytic 
actaon  of  the  oxide  of  manganese,  preventing  the  formation,  tif  oxalic  add..  Appa- 
rently there  is  fonned  by  this  process  sabdiaric  add,  or  an  add. in  a  low  state  of 
oxidation,  which  is  the  acdve  agent  in  preventing  the  peroxidisement  of  the  iron 
when  added  to  purple  mordants.  This  liqmnr  has  beien  laigely  used,  and  is  still  pre- 
ferred by  some  printers.  Of  late,  various  fixing  liquors  have  been  made  and  Sda  by 
manufoctnring  chemists,  pyroligneous  add  and  arsenious.  add,  or  arsenite  of  soda, 
-forming  the  staple  of  tiiem ;  some  of  these  haye  chlorate  of  potash  added,  the  object 
bdng  Sie  formation  of  arseniate  of  iron  when  the  doth  is  dried,  whereby  the  acetie 
acid  is  more  speedili^  driven  off;  and  since  arseniate  of  iron  does  not  pass  beyond  a 
certain  degree  of  ooddisement  in  the.  air,. -the  mordant  is  kept  in  a  proper  state  for 
dyeing  go^  colours.    The  following  is  also  a  good  purple  fixing  colour  :— 

No.  8.  Purple  Fixing  Liquor,— -Bcai  together  till  dissolved  2  gallons  water,  26  lbs. 
soda  crystals,  22^  lbs.  arsenious  add.  When  dissdved,  add  to  50  gallons  wood  add, 
previously  heated  to  120^  F. ;  let  stand  for  &  day  -or  two  till  the  tar  of  the  add  is 
settled,  and  add  8  quarts  muriatic  add. 

ThefoUowing  madder  colours  are  firom  some  in  practical  use ;  and  thou^  almost 
.every  cohva-mSkex  }iM  difibrent  recdpts  for  his  colours,  they  may  be  (am.  to  re- 
present the  general  prindples  on  idiich  these  odours  are  composed. 
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In  all  these  colours  the  thickening  substance  is  first  beaten  up  with  a  litjble  of  the 
liquid  till  quite  fine  and  free  from  lumps,  then  the  remainder  of  the  liquid  added, 
and  the  whole  boiled  jand  stirred  in  one  of  the  double-pased  steam-pans  tall  quite 
smoc^ ;  cooled,  and  strained.  .        . 

No.  4.  Black  for  Machine  {Madder\-^  gallons  iron  liquor  at  24^  T.,  4  gallons 
pyroligneous  acid,  4  gallons  water,  24  lbs»  flour ;  boil,  and  add  1  pint  oiL 

No.  5.  Black  for  Garancin  (Machine), — 7}  gallons  water,  3  gallons  iron  liquor  at 
%i^  T.,  1^  gallon  purple  fixing  liauor  (No.  3),  24  lbs  fiour,  1  pint  oil. 

No.  6.  Dark  red  for  Madder  (Mapkine).— 12  gallons  red  liqupr  at  18*^  T.,  24  lbs. 
fiour. 

No.  7.  Pale  reds  for  Madder  (Machine)  are  madjo  by.  reducing  the  standard  liquor. 
No.  8,  with  gumrwater  to  the  shade  wanted:  for  instancei.No.  8  pale  red  is  1  of 
No.  8  and  8  of  gum-water,  Ko.  9. 

No.  8.  Standard  red  Lifuor, — 10  gallons  hot  water,  40  lbs.  alum,  25  lbs.  white 
acetate  of  lead ;  rake  up  till  dissolved,  let  settle,  and  decant  the  dear. 

No.  9.  3  Ibs^'Gum^subsHtute  Water, — 10  gallons  water,  30  lbs.  gum-substitute, 
No.  6  in  the  list  of  thickeners. 

No.  10.  Jhrk  reeiat-red  Madder  (Machine), — 12  galley  reeist-red .  liquor,  18^  T.» 
24  lbs.  fionr ; .  boil,  and  when  nearly  cpld  add  1 2  lbs.  of  muriate-of-tin  crystals. 

No.  11.  Dark  reeiet-red  Ma^hinc-^ame  as  No.  10,  but  6  lbs.  of  tin  crystals  only. 

Of  these  l|Mt  two.  No.  10  is  used,  when  it  has  to  resist  a  chocolate  oover^  and  No.  11 
when  it  has  to  resist  a  purple  coyer. 

No.  12.  Paie  reeitt-red  Madder  (Machine), — ^Made  by  xedudng  resist-red  liquor 
with  water,  and  thickening  it.  ?or  instance,  No,  i5  pale  red:  12  gallons  resist-red 
li^or  at  6^  T.,  9  lbs.  fiour ;  boil,  and  add,  when  cool,  2  lbs.  tin  crystals. 

1(0. 13..  Choootatee  are  in^e  from  iron  liquor  and  red  liquor  mixed,  and  the  ^ 
liquor  is  a  multiple  of  the  iron ;  as,,  for  instauoe,  3  chocolate  (Tnadder)  (machine)  :-^^ 
g^ons  iron  liquor  at  24^  T.,  9  gallons  zed  liquor  at  18^  T.,  24  ibs.'floar,  1  pint  oil, 
K0..6  Chpoc^atev—l  gallpn  izon,  liquor  at  24^  T.,  6  gallons  red  liquor  lat  18^  T., 
14  ibs.  fiour,  4  pint  cm. 

No.  14.  Btrong^redfor  Qaranein  {Maohiine), — 10  gallons  red  liquor  at  18°  T.j  2 
gallons  water,  24llbs.  flour. 

Na  15.  Reeietrefi  fw  Carunein  (Machitie), — 12  saUons^xesist-red.  liquor  at 
14^  T.,  ^  lbs.  flour;  })ff>Q,  pod^  and  add  9  lbs.  tin  ciystaliL  This  for  resisting  chooo* 
liEite.  .1 

No.  16.  Seiitt  redforGatimeit^{Machine).'-l2  gallons  resist-red  liquor  at  14^  T., 
24  lbs.  flour ;  boil,  cool,  and  add  4^  lbs.  tin  crystals.    This  for  resisting  purple. 

No.  17.  Brow»  Standard  for  Madder.-^'tOmXioiiB  water,  200  lbs.  catechu ;  boil  6 
liours,  then  add  4|  gallons  acetic  acid,  and  add  water  to  make  up  to  50  gallons ;  take 
out,  and  let  stand  36  hours,  and  decant  the  dear ;  heat  it  to  IZQP  F.,  and  add  96  lbs. 
sal-ammoniac,  dissolye,  and  leave  to  settle  48  hours ;  decant  the  dear,  and  thid^en  it 
with  4  lbs.  gum-Senegal  per  gallon. 

No.  18.  Srown  Colour  for  Madder  (Machine), — 4  gallons  No.  17, 1  gallon  acetate 
of  copper  (No.  19),  2  quarts  acetic  add,  2  quarts  gum-Senegal  water,  4  lbs.  per 
gallon. 

No.  19.  Aoetaie  of  Cojaper,^-!  gallon  hot  water,  4  lbs.  sulnhate  of  copper,  4  lbs. 
white  acetate  of  lead ;  dissdve,  let  settle,  decant  the  dear,  and  set  at  16^  T. 

No.  20.  Brown  for  Madder  (Machine),— 7  gallons  of  No.  17,  U  gallon  of  No.  19, 
1}  ffaUon  gum  red  (No.  21). 

No.  21.  Gum  red. — 3  gallons  red  liquor  at  18^  T.,  12  lbs.  gum-substitute;  boil. 

No.  22.  Brown  for  Garandn  (Macwie), — 2  gallons  of  No.  18,  1  gallon  4  lbs.-gum- 
substitute  water. 

No.  23.  Brown  for  Garancin  (Machine), — 2  gallons  No.  17,  3^  gallons  4  lbs. -gum- 
substitute  water,  3  quarts  acetic  add,  3  quarts  No.  19. 

No.  24.  Drab  for  Madder  (Machine), — i  gallons  No.  17,  1  gallon  protomuriate  of 
iron  at  9^  T.,  3  gallons  No.  19, 1  gallon  4  lbiB.-gum-substatute  water.  For  garandn, 
add  4  gallons  eum-water  instead  of  1  gallon. 

No.  25.  Drtut  for  Madder  (Machine), — 5  gallons  No.  24, 1  quart  muriate  of  iron 
at  9°  T.,  5  gallons  4  lbs.-gfum-substitute  water,  3  quarts  No.  19. 

Na  26.  Madder  Fawns  are  made  \^  adding  to  madder  drab  ^th,  or  so,  of  red 
liquor,  according  to  the  shade  wanted. 

No.  27.  Madder  Purpies, — ^Iron  liquor,  mixed  with  purple  fixing  liquor,  is  diluted 
with  gum-water  acoordiuff  to  the  shade  wanted,  fbr  instance.  No,  4  purple  for 
madder  (machine): — 1  gallon  of  iron  liquor  at  24^  T.,  2  gallons  No.  3, 4  gallons  funna 
gum-water  No.  28.  No»  12.  purple: — 1  gallon  iron  liquor  at  24°  T.,  2  gallons  Now  3. 
12  gaUons  No.  28. 

No.  28.  Dark  SWna  Gum  Water.^iO  gallons  water,  60  lbs.  dark  calcined  fuinai 
bdL 
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Na  29.  Oaranem  Purptes  axe  Mdnoed  from  iron  liquor  to  the  shade  vanted  with 
the  following  gam  :-^20  lbs.  lig^t  British  ffom,  8  gallons  water,  1  flalbn  pniple  fixing 
liquor  No  8 ;  boil  w^»  then  take  <mt,  and  lei  stand  8  or  4  dajrs  Ymore  nsing.  CUmr: 
1  measure  iron  liquor,  8,  10,  20,  80,  &c,  of  the  above  gum*  aooording  to  shade 
wanted. 

No.  80.  Padding  Purples, — ^Reduce  to  shade  with  the  following  gum : — 6}  gallons 
water,  1  gallon  No.  8,  1  quart  logwood  liquor  at  8^  T.,  9  lbs.  flour;  boil,  and  add  6 
quarts  farina  gum,  No.  28.  For  instance,  'Id-paddrng  purple  for  machine: — 1  gallon 
iron  liquor  at  24°  T.,  70  gallons  of  the  above  gum. 

Madder  purples  for  some  styles,  such  as  the  black,  add,  and  purple  padded  stylo, 
are  thickened  with  1|  to  2  lbs.  of  flour  per  gallon,  the  object  being  to  keep  the  colour 
on  the  surface  of  the  flbre»  thereby  obt&ining  economy  of  dye-stnf^  together  with  bril- 
liancy of  colour. 

Colours^  either  red  or  purple,  applied  on  the  top  of  already  printed  colours  are 
called  '  covering '  colours  when  a  smiedl  pattern  is  applied,  and  *  padding '  colours  when 
a  uniform  shade  without  pattern  is  appUed. 

'Block  colours  are  made  from  any  of  the  preoeding  zeceints,  by  making  them  a  little 
thinner ;  the  strength  of  the  mordants  bdng  also  reduced.  Colours  for  dyeing 
with  extract  of  madder,  artificial  aUzarine,  and  garandn  require  to  be  mado^ 
much  weaker  in  mordant,  in  consequence  oi  the  less  severe  treatment  aftw  dyeing 
which  goods  dyed  with  these  substances  require  to  bring  out  the  frill  brilliancy  of 
the  colours. 

No.  81.  Alkaline  red  dfordant.-^ln  a  vessel  capable  of  holding  12  gallons,  put 
10  lbs.  alum,  and  dissolve  with  5  gallons  boiling  water,  then  add  ^!adnally  8  quarts 
caustic  soda  at  70°  T.,  mixed  with  1  gallon  cold  water,  fill  up  with  cold  water ;  let 
settle,  decant  and  repeat  the  washing  till  the  dear  liquor  is  tasteless;  fllter  to  a  pulp, 
take  ofi;  and  add  to  it  5  pints  caustic  addat  70*  T.;  boil  down  to  8  g^ons,  add  9  lbs. 
dark  gum-substitute,  and  boil  a^ain  a  short  time* 

No.  82»  Pale  red  AlkaUne  Mordant, — I  measure  of  the  above  colour  and  2  or  8 
measures  of  dark  gum-substitute  water. 

No.  88.  10  A€id,^A  gallon  lime  juice  at  1(^  T.,  1  lU  etarch;  boiL 

Na  84.  20  Add,-— I  gallon  lime  luice  at  20°  T.,  1  lb.  starch;  boil*   - 

No.  86.  80  Aeid.-^l  gallon  lime  juice  at  80^  T.,  1  lb.  0tahsh;  boil 

No.  86.  Aeid  JHeekarae.—!  gallon  lime  juice  at  229  T.,  1  lb.  4>isnlpha.te  of  potash ; 
filter,  and  thicken  the  dear  wiui  1  lb.  stanh. 

Na  87.  Aeid  Diecharae.—l  gallon  lime  rnice  at  28^  T.,  2  Ibfi.  bisuliduite  of  potash; 
filter,  and  thicken  the  dear  wiui  5  lbs.  da»  British  gum. 

IxL  the  last  two  colours,  the  bisulphate  throws  down  a  quantity  of  flooculent  matter, 
whidi  has  to  be  filtered  out. 

No.  88.  Reserve  Paste,— ^  gallons  lime  juice  at  60^  T.,  2^  gaUons  caustic  soda  at 
70°  T. ;  beat  to  boil,  then,  in  a  separate  vessel,  beat  up  56  lbs.  pipeclay  with  8f  gal- 
lons boiling  water,  and  add  8|  gdlons  6  Ibe.-gum-Senegal  tmter ;  add  to  the  oUier 
solution,  and  boil  20  minutes. 

No  89.  Beserte  Paste, — i  gi^ns  lime  juice  at  60^  T.j  8  gallons  caustic  soda  nt 
70^  T. ;  boil,  and  add  48  lbs.  pineday  beat  up  with  2  quarts  boiling  water,  and  4  gal- 
lons 6  lb8.-gum-Senegal  water ;  boil  20  minutes. 

The  above  two  pastes  are  used  for  blocking  on  madder  work,  to  protect  the  pattern 
from  the  following  covering  shades,  which  are  raised  with  querdtron  ba^  &o.  &c 
No.  88  is  a  paste  used  where  there  are  only  black  and  reds  to  preserve,  and  No.  89  is 
used  where  there  is  also  purple. 

Covering  Shades, 

No.  40.  5  Ihab,—!  quart  iron  liquor  at  24<>  T.,  5  quarts  water,  2^  lbs.  light 
British  gum. 

No.  41.  10  Drab,^l  quart  iron  liquor  at  24°  T.,  10  quarts  water,  4|  lbs.  lig^t 
British  gum. 

No.  42.  5  Drab,—\  quart  iron  liquor  at  24°  T.,  1  quart  red  liquor  at  20°  T.,  6 
quarts  water,  2^  lbs.  lignt  British  gum. 

No.  48.  10  Drab,—!  quart  iron  liquor  at  24°  T.,  1  quart  rod  liquor  at  20°  T.,  10 
quarts  water,  6  lbs.  light  British  gum. 

No.  44.  (Hive,— 2  ^ons  red  hquor  at  12°  T.,  1  gallon  iron  liquor  at  14°  T.,  6  Ibe. 
light  British  gum. 

No.  46.  (Hive, — 8  gallons  red  liquor  at  18°  T.,  2  gallons  iron  liquor  at  8°  T.,10  lbs. 
light  British  gum.  

Na  46.  Sage,— 9  quarts  red  liquor  at  9°  T.,  1  quart  iron  liquor  bt  12°  T.,  4  lbs. 
fight  British  gum. 
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No.  47.  A^.— 14  qmutfl  red  liquor  at  S*>  T.,  1  pint  iron  liquor  at  12*'  T.,  5)  lbs. 
light  British  gum. 

Ko.  48.  ChoeokUe  Brown, — 6  gallons  red  liquor  at  15°  T„  1  gallon  iron  liquor  at 
24<»  T.,  IH  lbs.  lig^t  British  gum,  8^  Ihs.  flour. 

No.  49.  Slate. —Z  quarts  logwood  liquor  at  8**  T.,  2  quarts  iron  liquor  at  24°  T.,  1 
quart  red  liqUor  at  18°  T.,  1  quart  No.  60,  7  gallons  water,  18  lbs.  light  British  gum ; 
boil. 

No.  50.  Gall  Liquor, — 28  lbs.  ground  galls,  2  gallons  acetic  add,  12  gallons  water; 
stir  occasionally  for  two  days,  and  filter. 

No.  51.  Haeel, — 4  quarts  brown  No.  18,  2  quarts  bark  liquor  at  10°  T.,  1  pint  log- 
wood liquor  at  12°  T.,  1  quart  cochineal  liquor  at  8°  T.,  16  oz.  measure  No.  52,  4^ 
quarts  6  lbs.-gum-Senegal  water. 
No.  52. — 1  quart  nitrate  of  iron  at  80°  T.,  1  pint  nitrate  of  copper  at  100°  T. 
No.  58.  Standard  for  Buffs, — 10  gallons  water,  40  lbs.  copperas,  20  lbs.  brown 
acetate  of  lead :  stir  till  dissolved,  settle,  and  use  th6  clear ;  reduced  to  shade  wanted 
with  gum-Senegal  water. 

No.  54.  Chrome-oxidii  Standard,^Z  gallons  water,  12  lbs.  bichromate  potash ;  dis- 
solve with  heat,  put  in  a  mug  of  12  gallons  capacity,  add  8|  pints  oil  of  vitriol  diluted 
with  6  quarts  cold  water,  add  gradually  8  los.  sugar ;  when  the  efiervesoence  has 
ceased,  boil  down  to  8  gallons. 

No.  55.  Dn^. — 5  quarts  gum-iragacanth  water  (8  oc.  per  gallon)^  2i-quart8  No.  55, 
}  pint  cochineal  liquor  at  4°  T.,  }  pmt  bark  liquor  at  8°  T. 

»o,  66.  Fawn.—l  gallon  No.  66,  2  gallons  8  oz.-gnm-tragacanth  water,  I  gallon 
brown  No.  17. 
No.  67.  Slate. — 1  gallon  No.  65, 1  gallon  8  oc-gum-tzagaoanth  water. 
No.  58.  Own-tragacanih  Water, — 10  gallons  water*  6  lbs.  gmn  tragacanth  in 
powder ;  star  occasionally  for  8  days. 

No.  69.  Fa$t  Blue  Standard,— 160  gallons  water,  18  lbs.  indigo  in  pulp,  24  lbs.  cop- 
peras, 28  lbs.  lima  previously  slaked;  stir  occasionally  for  2  days, let  settle,  and  draw 
off  thoolear  liquor,  and  to  evexy  10  gallons  add  1  pnt  muxiate-of-tan  liquor  at  120°  T. ; 
filter  on  flannel  to  a  thick  uaste. 

No.  60.  Faet  Blue  for  tiaokme, — 1  quart  No.  59,  6  oi.  muriate-of-tin  crystals,  8 
quarts  of  gum*water. 

No.  61.  Faet  Blue  Standard.-^  lbs.  indigo  ground  to  pulp,  3  quarts  caustic  soda  at 
70°  T.,  8  quarts  water,  and  granulated  tin  in  excess ;  bou  in  an  iron  pot  till  perfectly 
yellow,  when  tried  on  a  piece  of  glass. 

No.  62.  Faet  Blue  (Btook).—l  quart  No.  61, 12  os.  muriate-of-tin  crystals,  12  os. 
lime  juice  at  60°  T.,  3  quarts  6  Ibs.-gum-denegal  water. 

No.  68.  Fait  Qteen, — 1:^  quart  No.  60,  2  quarts  lead  gum  No.  64,  }  lb.  muriate- 
of-tin  crystals. 

No.  64.  Lead  Gum, — 1  gallon  hot  water,  8  lbs.  white  acetate  lead,  4  Ibfi.  nitrate  lead ; 
dissolve,  and  add  1  gallon  6  lbs.-gom-Senegal  water. 

The  course  of  operation  for  the  styles  1,  2,  and  8  abovpi^  is  to  print  in  one  or  more 
of  the  madder  colours ;  after  dyeing,  the  goods  aro  hung  in  the  ageing  room  for  a.day 
or  two,  then  brought  to  the  dye-house.  The  *  ageing '  room  is  a  s]jacious  airy  chamber, 
with  an  arrangement  of  rails  at  the  top  of  it,  firom  which  the  pieces  can  be  hung  in 
long  fblds.  ^ese  chambers  aro  kept  at  an  equable  summer  temperaturo,  and  in 
proper  hygroscoidc  conditions,  due  ventilation  being  also  provided.  These  *  agoing ' 
rooms,  as  they  aro  called,  aro  in  several  print-works  of  enormous  dimensions,  and  aro 
generally  separate  buildin^i.  Those  of  Messrs.  Edmund  Potter  and  Co.,  and  Messrs. 
Thomas  Hoyle  and  Co.,  in  Lancashire,  may  be  particularised  as  forming  quite  a  feature 
in  the  works.  The  pieces  stay  in  these  chambers  from  1  to  6  days,  according  to  the 
style  of  work,  during  whidi  time  the  colour  which  was  deposited  on  the  outside  of 
the  fibro  gradually  penetrates  it,  and  becomes  moro  firmly  attached,  a  portion  of  the 
base  being  deposited,  and  acetic  acid  given  off  in  vapours.  Whero  colours  aro 
required  to  absorb  a  certain  amount  of  oxygen,  such  as  iron  mordant,  catechu  browns, 
&c.,  they  fi;[id  the  necessary  conditions  here.  On  the  proper  ageing  of  printed  goods 
depends  in  a  great  measuro  the  success  of  many  styles ;  should  the  room  be  too  hot, 
or  too  dz^,  imperfect  fixation  of  the  colour  ensues,  and  meagro  and  uneven  tints  aro 
obtained  in  the  subsequent  operations.  In  countries  whero  in  summer  the  atmosphero: 
is  dry,  great  difficulty  is  found  in  ageing  properly.  In  America  catechu  browns  have 
been  known  to  requiro  weeks  beforo  being  of  the  proper  shade.  These  ar^  of  course 
exceptional  cases;  the  scientific  printer  knows  how  to  combat  these  evils  by  the 
introduction  of  watery  vapour,  or  even  by  erecting  his  ageing  room  over  a  reservoir 
of  water,  with  rather  open  uoarding  for  floor ;  many  colours  also  may  have  d^qUescent 
salts  introdneed.  In  England  the  process  of  ageing  is  of  protty  umform  duration* 
ThMO  ageing  rooms  have  now  almost  lofet  their  importance,  owing  to  the  introduo- 
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tioQ  of  the  '  a^ing  machine/  which  leaves  the  printed  peoes  in  audi  a  oondil^on,,  that 
a  few  hours  is  sufficient  to  perform  the  work  formerly  occupying  days,  and  henee  a 
notable  economy  of  space  and  time.  In  a  patent  of  Mr.  John  Thorn  in  1849,  for 
sulphuring  mousseline-de-laines,  a  claim  is  made  for  using  the  same  a^ypantos,  or  a. 
modification  of  it,  for  passing  calico  printed  goods  through  a  mixture  of  air  ^nd 
acqueous  vapour.  Mr.  Thom  found  that  a  printed  piece  as  it  came  from  the  machine, 
absorbed  nearly  an  ounce  of  moisture  to  the  pound  of  cloth,  without  feeling  dam^r;. 
and  that  an  exposure  to  a  moist  atmosphere  for  one  minute  and  a  half  was  sufficient 
to  produce  this  result.  The  ageing  macnine  introduced  by  Mr.  Thom  into  the  Mayfield 
Printworks,  had  a  capacity  of  30  cubic  yards.  The  moisture  was  obtained  by  having 
a  cistern  of  water  kept  heated  to  180^  F.  in  the  madiine.  Mr.  Crum  was  the  next 
printer  to  take  this  idea  and  work  it  into  more  practical  shape,  by  very  much  extending 
the  size  of  the  machine,  and  by  other  minor  alterations.  The  use  of  this  machine 
rapidly  spread,  and  is  now  almost  universal  Fig,  372  shows  the  machine  as  arranged 
by  Mather  and  Flatt  It  consists  of  a  chamber  about  86  feet  long,  20  feet  high,  and 
13  feet  broad ;  generally  it  is  partitioned  off  one  of  the  disused  ageing  rooms,  a,  is 
the  framing  forming  the  machine  and  for  cairying^  rollers,  &c ;  b,  rollers  9  inches 
diameter  for  drawing  the  cloth,  these  are  driven  by  gearing ;  c,  rollers  of  tin  plate, 
not  driven ;  d,  entering  rollers  and  rails ;  s,  plaiter  for  folding  cloth  on  delivery  from 
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the  machine;  f,  steam  or  vai^ur  pipes,  with  steam  taps  and  fdnnels  for. spreading 
the  vapour ;  o,  the  doth  passing  through  the  machine.  The  machine  is  enclosed  in 
a  wooden  room,  the  boards  or  walls  fitting  dose  at  the  ends  H  and  o;  space  being 
left  on  each  side  for  passage  and  for  getting  to  the  rollers,  taps,  &&;  one  or  two 
Danieirs  hygrometers  aro  put  in  diflbront  places  of  the  machine.  Two  pieces,  side  by 
side,  aro  run  through  at  once,  the  temperaturo  being  70^  to  75^  F.,  and  sufficient 
steam  being  allowed  to  escape  into  the  machine  to  cause  a  diflbronoe  of  4^  on  the 
hygrometers.  The  pieces  occupy  about  20  minutes  .during  Uieir  passage  through  the 
machine ;  on  emerging  from  which,  they  aro  plaited  down  into  loose  bundles  <^  several 
pieces,  which  aro  then  drawn  away  and  left  on  the  floor  of  the  room  all  night.  The 
temperaturo  and  hygrometie  condition  of  this  outside  room  should  be  as  near  as 

Cible  those  of  the  ageing  machine.  What  takes  place  in  ageing  in  this  manner 
not  been  f^y  investigated ;  but  it  is  probable  that  as  the  piece  leaves  the  printing 
machine,  the  moraant  is  almost  altogether  on  the  surface  dT  the  fibro  in  an  unaltered 
state,  that  the  thorough  permeation  of  the  piece  by  the  aqueous  vapour  dissolved 
in  the  air,  rostores  to  the  doth  the  normal  water  romoved  by  the  drying  in  the  hot- 
room,  and  that  under  the  iufiuence  of  this,  and  the  slightly  elevated  temperaturo,  first, 
a  separation  of  mordant  from  the  thickening  substance  takes  place,  and  the  solution 
di£Pnsed  through  the  fibro,  and  secondly,  that  the  fibro  now  begins  to  play  the  part  of 
an  add  of  superior  affinity  for  the  base  of  the  mordant  to  the  volatile  acetic  solvent, 
and  gradually  withdraws  it  from  the  mordant,  acetic  add  being  fredy  given  ofl^ 
evident  enough  to  the  eyes  and  nose  on  going  inside  the  machine.  The  change  onoe 
begun  is  moro  slowly  carried  on  in  the  outside  room,  but  still  with  much  moro  rapiditj 
than  under  the  former  conditions  of  agdng  rooms.    The  d^emical  action  of  ceUuloM 
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or  cotton  fibre  in  d^oomTK>8ing  acetates  of  iron  and  alomina,  has  been  denied  by  some 
chemists,  espedallj  by  t^ie  lat^  Mr«  Walter  Gcom,  the  eminent  printer  of  Thornliebank, 
who,  in  a  Tery  interesting  paper  printed  in  the  Journal  of  the  Chemical  Society 
for  1868,  propounded  the  theory,  that  capillary  action  of  the  fibre  separates  tiie 
mordant  from  the  thickening  snbstance,  which  is  left  at  the  outside  of  the  fibre,  that 
by  desiccation  the  acetates  are  decomposed,  and  the  bases  left  in  the  interior  canities. 
He  also  attributes  to  the  cloth  an  attraction  of  surface,  whereby  bases  are  separated 
firom  their  solvents,  in  the  same  manner  as  that  in  which  charcoal  decomposes  certain 
salts.  He  points  out  also,  that  the  fibre  may  act  as  a  dialyser  to  retain  within  its 
•  pores,  or  in  the  interior  cavity  of  the  cotton  fibre  tube,  a  colloid  solution  of  alumina 
or  iron ;  the  crystalline  portion  of  the  mordant  having  passed  through  when  the 
printed  cloth  is  immersed  in  water  (dimging  operation).  Mr.  Crum  gives  some 
oeautiful  drawings  of  the  appearance  of  dyed  cotton  fibres  under  the  microscope, 
showing  in  many  cases  that  a  clot  of  mordant  base  has  been  formed  in  the  interior 
cavity  of  cotton  fibre  and  been  subsequently  dyed  there.  His  drawings,  however,  for 
the  most  part  show  that  the  walls  of  the  tubes  are  dyed  throughout  Uieir  substance ; 
%  fact  not»  as  we  think,  sufficiently  explained  by  his  theory.  Other  microscopists  who 
have  examined  dyed  cotton  fibre,  have  £edled  to  detect  imprisoned  particles  of  colour 
inside  the  tube,  but  have  noticed  that  the  wall  of  the  tube  throughout  its  substance  is 
dyed ;  which,  if  correct,  certainly  points  to  a  chemical  action  of  the  cell  walL  That 
cotton  fibre  has  a  separating  power,  even  when  immersed  in  water,  may  be  shown  by 

EutUng  bleached  cotton  cloth  overhead  in  a  solution  of  oxide  of  lead  in  lime  (plum- 
ito  of  calcium)  for  half  an  hour  or  so,  removing,  rinsing  very  well  in  water,  and  passing 
through  a  solution  of  bichromate  of  potash,  whence  the  doth  will  emerge  dyed  a 
bright  yeUow.  This  reaction  is  noticed  by  Mr.  Oram  as  an  illustration  of  die  surfieuse 
attraction  exercised  by  cotton  fibre ;  the  withdrawal  of  indigotine,  or  white  indigo, 
from  a  solution  of  it^  by  cotton  doth  immersed  therein,  being  also  ^ven  by  Crum  as 
an  illustration  of  the  same  force ;  but  the  fbrmer,  at  all  evente,  may  ec[ually  serve  as 
an  illustzation  of  the  chemical  power  of  cotton  fibre  to  sieze  and  combine  with  bases, 
and  this  power  is,  we  think,  further  illustrated  by  the  rapidity  with  which  acetates 
are  decomposed  under  the  infiuence  of  the  ageing  machine  and  torrente  of  acetic  add 
given  off  There  is  room,  ap|)arently,  for  fifther  investigation  of  this  obscure  point. 
That  pigments  such  as  prussian  blue,  chromate  of  lead,  &c.,  can  be  predpitatod  and 
imprisoned  inside  the  cotton  tubes,  is  not  of  course,  denied ;  but  the  action  here  seems 
quite  different  from  that  of  ageing.  Probably  even  in  well-aged  goods,  a  predpita- 
taon  of  this  latter  sort  takes  place  to  some  extent,  when  the  arseniate  phosphate  or 
silicate  of  soda  of  the  dunging  solution  reacte  upon  mordant  separated  from  ite 
thickening,  and  remaining  inside  the  cotton  tube.  Thus,  it  is  quite  conceivable  that 
two  separate  actions  have  taken  place  in  goods  about  to  be  dved ;  viz.,  a  chemical 
combination  of  the  tube  wall  with  the  base  of  the  mordant,  and  an  imprisonment  of 
an  insoluble  salt  inside  the  tube,  by  double  decomposition. 

The  next  operation  is  that  termed  dunainff,  which  is  the  same  in  prindple  for 
all  varieties  of  madder  or  garandn  goo<ls :  and  as  it  is  an  operation  the  carefol 
performance  of  which  is  of  vital  importance  to  the  success  of  the  subsequent  operations, 
a  somewhat  detailed  description  of  it  will  not  be  out  of  place.  The  process  of  dunging 
has  for  ite  object — 

1.  Fredpitating  on  the  fibre,  b]^  double  decomposition,  that  portion  of  the  mordant 
which  has  escaped  decomposition  in  the  agdng  room. 

2.  Rendering  insoluble  and  inert  those  portions  of  the  mordant  which  are  not  in 
direct  contact  with  the  fibre,  and  which,  if  allowed  to  diiAise  in  water  only,  would 
fix  on  and  stain  the  white  or  unprinted  parts  of  the  cloth. 

8.  Softening  and  removal  of  the  thickening  substences. 

4.  Neutralising  the  adds  which  may  have  been  added  to  the  mordanto,  or  tsed  as 
resisto  or  discharges,  and  which  otherwise  would  dissolve  in  the  ^ater  and  weaken  the 
colours. 

5.  The  formation,  in  the  case  of  iron  mordante,  of  a  compound  of  oxide  of  iron»  and 
certain  or^nio  or  inorganic  adds  which  will  not  become  peroxidised  beVond  a 
eertein  point.  The  use  of  cow-dung,  derived  from  India,  has  been  continued  down 
to  the  present  time,  though  for  several  years  printers  have  largely  intiKxluced  various 
substitutes. 

Ko  very  exact  analysis  has  been  made  of  cow-dung.    Morin's  is  as  follows : — 

Water.       .        .        » 70*00 

Vegeteble  fibre    . 24*08 

Green  resin  and  fat  adds 1*52 

Undecomposed  biliary  matter 0*60 

Peculiar  extractaye  matter  (6ttMtfie)    ....    1*60 
Vol.  I.  S  S 
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Albtunen     .        .        .        .        .        •        •        ...    0'40 
Biliary  resin         ••••••••    8*80 

Another  analysis  gives  the  total  constituents  of  100  parts  of  cow-dong  as  folloirs : — 
Water,  69*58 ;  bitter  matter,  0*74 ;  sweet  sabstance,  0*93 ;  chlorophyll,  0*28 ;  albu- 
min, 0*63 ;  muriate  of  soda,  0*08 ;  sulphate  of  potash,  0*05;  sulphate  of  lime,  0*25; 
carbonate  of  lime,  0*24;  phosphate  of  hme,  0*46;  carbonate  of  iron,  0*00;  woody  fito, 
26*39;  silica,  0*14;  loss,  0*14. 

According  to  M.  Ecechlin's  practical  knowledge  on  the  great  scale,  it  consists  of  a 
moist  fibrous  vegetable  substance,  which  is  animalised,  and  forms  about  one-tenth  of 
its  weight ;  2,  of  albumen ;  8,  oi  animal  mucus ;  4,  of  a  substance  similar  to  bile ;  6, 
of  muriate  of  soda,  muriate  and  acetate  of  ammonia,  phosphate  of  lime,  and  odier 
salts ;  6,  of  benzoin  or  musk. 

Fresh  cow-dung  is  commonlj^  neutral  when  tested  by  litmus-papar ;  but  soma^ 
times  it  is  slightly  alkaline,  owing,  probably,  to  some  peculiarity  in  the  food  of  tha 
animaL 

Probably  the  hot  water  in  which  the  calico-printer  diffiisee  the  dung  exerts  a 
powerful  solvent  action,  and  in  proportion  as  the  unocmbined  mordant  floats  in  the 
bath  it  is  precipitated  by  the  albumen,  the  animal  mucus,  and  tiie  ammoniacal  salts ; 
but  there  is  reason  to  think  that  the  fibrous  matter  in  part  animalised  or  covered 
with  animal  matter,  plays  here  the  principal  part ;  for  the  great  affini^  of  this  sub- 
stance for  the  alumin6us  and  farruginous  salts  is  well  known. 

It  would  appear  that  the  principal  function  of  dunging  is  to  hinder  the  unoombined 
mordant  difihsed  in  the  dung-bam  from  attaching  itself  to  the  unmordanted  portion 
of  the  doth,  as  abeady  observed ;  for  if  we  merely  wished  to  abstract  the  thioEening 
stufEb,  or  to  complete  by  the  removal  of  acetic  add  the  combination  of  the  mordanting 
base  with  the  goods,  dung  would  not  be  required,  for  hot  water  would  suffice.  In 
fact,  we  may  observe,  that  in  such  cases  the  first  pieces  passed  through  the  boiler  are 
fit  for  dydng;  but  when  a  certain  number  have  been  passed  through,  the  mordant  now 
dissolved  in  the  water  is  attracted  to  the  white  portions  of  the  ^<Ah,  while  the  free 
add  impoverish^  the  mordanted  parts,  so  that  they  cannot  affixrd  good  dyes,  and  the 
blank  spaces  are  tarnished. 

It  seems  to  be  ascertained  that  the  mordant  applied  to  the  doth  does  not  combine 
entirely  with  it  during  the  drying ;  that  this  combination  is  more  or  lees  perfect  ac- 
cording to  the  streng^  of  the  mordants,  land  the  circumstances  of  the  ageing ;  that 
the  operation  of  dunging,  or  passing  through  hot  water,  completes  the  ooi^nation  of 
the  cloth  with  the  mordanting  base  now  insoluble  in  water ;  that  this  base  may  still 
contain  a  very  minute  quantity  of  acetic  add  or  sulphate  of  alumina ;  that  a  long 
ebullition  of  water  impoverishes  the  mordant  but  a  little ;  and  that  evra  then  the 
liquid  does  not  contain  any  perceptible  quantity  of  acetate  or  sulphate  of  alumina  or 
iron. 

A  very  able  and  learned  memoir  upon  this  subject,  by  M.  Penot,  Brofessor  of 
Chemistry,  appeared  in  the  BuUeHn  of  the  Sodety  of  Mulhausen,  in  October  1884,  and 
an  ingenious  commentary  upon  it,  under  the  title  of  a  B^)ort  by  M.  CamiUe  Kceehlin, 
in  March  1835. 

Experience  has  proved  that  dunging,  is  one  of  the  most  important  steps  in  tha 
process  of  calico-pnnting,  and  that  if  it  be  not  well  performed  the  dydng  is  good  for 
nothing. 

In  dunging  calicoes  the  excess  of  unoombined  mordant  is  in  part  attracted  by  the 
soluble  matters  of  the  cow-dung,  and  forms  an  insoluble  precipitate,  which  has  no 
affinity  for  the  doth,  espedally  in  presence  of  the  insoluble  part  of  the  dung,  -wbi^ti 
strongly  attracts  Alumina.  The  most  important  part  which  that  insoluble  matter  plays, 
is  to  seize  the  excess  of  the  mordants,  in  proportion  as  they  are  dissolved  by  the  water 
of  the  bath,  and  thus  to  render  thdr  reaction  upon  the  doUi  imposdble.  It  is  only  in 
the  depodt,  therefore,  that  the  matters  carried  off  from  the  doth  by  the  dung  are  to  be 
^und. 

M.  Gamille  Koechlin  ascribes  the  action  of  cow-dung  chiefly  to  its  albuminous  con- 
stituent combining  with  the  alumina  and  iron,  of  the  acetates  of  these  bases  dissolved 
by  the  hot  water  of  the  bath.  The  adds  consequently  set  free  soon  become  evident  by 
the  test  of  litmus-paper,  after  a  few  pieces  are  passed  through,  and  require  to  be  goi 
rid  of  dther  by  a  fresh  bath  or  by  adding  chalk  to  the  dd  one.  The  dungthus  serves 
also  to  fix  the  bases  on  the  doth,  when  used  in  moderation.  It  exerdses,  likewise,  a 
deoxidating  power  on  the  iron  mordant,  and  restores  it  to  a  state  more  fit  to  combine 
with  colouring  matter. 

The  use  of  cow-dung  is  open  to  some  objections,  amongst  which  are  its  giving  a 
aertain  amount  of  greenish  colouring  matter  to  the  white  mordants,  and  its  being  apt 
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to  "raiy  in  its  oooBtitaentfl  firom  dii&renee  in  the  food  of  the  animals,  their  health,  &c ; 
the  method  of  using  snbstitates  for  it  beinff  now  well  known,  and  better  colours  and 
whites  being  more  easily  obtained  from  ihem  than  with  dnng,  this  substance  has 
almost  ceased  to  be  need  in  calico-printing  processes.  The  dnng^ng  operation  onght 
to  be  a  definite  chemical  decomposition,  which  cannot  be  the  Case  with  a  yariable 
sabstanee  like  dnng.    The  substitntes  for  dung  in  use  are : — 

1.  FhoBi^iate  of  soda  and  lime,    i  i.  Silicate  of  loda. 

2.  Arseniate  of  soda.  I  5.  Silicate  of  linae. 
8.  Arsenite  of  soda,                      I 

Each  of  these  has  its  peculiar  Tiitoes,  and  the  printer  determines  for  himself  which 
is  best  adapted  for  his  s^les.  The  first  was  patented  b^  John  Mercer,  about  1 842,  and 
is  made  by  calcining  bones,  then  decomposing  them  with  sulphuric  add,  filtering  out 
the  sulphate  of  lime,  and,  to  the  clear  superphoephate  of  lime,  adding  carbonate  of  soda 
till  slightly  alkaline ;  the  resulting  mixture  of  phosphate  of  soda  and  phosphate  of  lime 
is  dried  down  to  a  powder ;  the  use  of  arseniates  formed  part  of  the  same  patent. 
Arsenite  of  soda  followed  as  a  matter  of  course,  though  not  so  safe  in  use  as  phos- 
phates and  arseniates.  *  Silicate  of  soda  was  suggested  by  Adolph  Schlieper,  of  Mber- 
feld,  and  patented  by  Jager  in  1852.  It  is  uie  ordinary  soluble  glass  dissolved  in 
water.  It  is  open  to  the  oliijection  of  being  too  alkaline,  and  requires  care  in  ihe  use. 
The  silicate  of  lime  was  suggested  by  Sggin  with  a  view  to  remoye  this  objection. 
The  silicate  of  lime  is  formed  in  the  dung  cistern,  by  mixing  silicate  of  soda  and 
muriate  of  lime,  when  sparingly  soluble  ^cate  of  lime  is  formed ;  the  quantity  in 
solution  at  one  time  being  never  so  much  as  to  be  dangerous,  and  firesn  portions 
being  dissolved  as  wanted.  Dunging  salts,  or  liquors,  are  now  made  by  the  manu- 
facturing chemist,  containing  various  mixtures,  arseniates,  phosphates,  arsenites,  &c., 
which  are  adapted  for  eveiy  variety  of  dunging.  Great  economy  of  time  and  mate- 
rial result  from  the  use  of  these  dung-substitutes.  In  some  of  the  leurgest  print-works, 
instead  of,  as  with  dung,  running  on  the  spent-dung  cistern  after  passing  through 
from  100  to  200  pieces,  and  having  to  fill  again,  and  heat  to  the  proper  temperature, 
it  is  found  possible  to  run  pieces  through  Uie  same  cistern  chiurged  with  substitute, 
at  the  rate  of  two  pieces  per  minute  half  a  day,  and  with  light  goods  a  whole  day — 
before  letting  off;  of  course,  occasionally  adding  some  of  the  substatute,  to  make  up 
for  that  saturated  by  the  mordants*  The  dunging  process  is  always  performed  twice : 
the  first  time  in  a  cistern  with  roUers ;  and  uie  second,  in  a  beck  similar  to  a  dye- 
beck,  washing  weU  between.  Hie  first  is  called  fiy-dunging;  the  other,  second 
duneing. 

l£e  manner  of  immersingthe  goods,  or  passipg  them  through  the  dung-bath,  is  an 
important  circumstance.  They  should  be  properly  extended  and  free  from  folds, 
wmch  is  secured  by  a  series  of  cylinders.  The  immersion  should  take  place  as  fast  as 
possible ;  for  the  moment  the  hot  water  penetrates  the  mordanted  cloth,  the  acetic  add 
quits  it,  and,  therefore,  if  the  immersion  was  made  slowly,  or  one  ply  after  another, 
Uie  add,  as  well  as  the  uncombined  mordant,  become  free,  would  spread  their 
influence,  and  would  have  time  to  dissolve  the  aluminous  subsalts  now  combined  with 
the  doth,  whence  inequalities  and  impoverishment  of  the  colours  would  ensue. 

The  fiy-dung  dstem  should  be  set  with  about  30  gallons  of  dung  to  1,000  gallons  of 
water;  or,  to  me  same  quantity,  3  to  4  gallons  of  dung-substitute  Squor;  a  little  chalk 
is  added,  to  make  the  dstem  dightly  milky.  The  heat  varies  for  different  styles — 
from  150^  F.  to  boil.  Where  there  is  add  discharge  or  resist,  and  the  colours  are 
heavy,  fiy-dunging  at  boil  is  necessary,  to  enable  the  add  to  cut  properly  through  the 
colour ;  the  nearer  to  160^  F.  that  the  bath  will  give  good  whites  at,  the  better  will 
be  the  subsequent  dyed  colour.  With  cow-dung,  an  excess  of  it  is  ix\]'urious,  both  to 
white  ground  and  mordant. 

Figs,  878  and  874  are  Fumivars  arrangement  of  first  and  second  dunging  vesseb. 
▲  1  to  A  is  a  smaller  dstem  provided  with  rollers,  top  and  bottom,  in  whidu  a  stronger 
solution  of  dunging  liquor  tnan  that  in  the  main  vessel  is  sometimes  put ;  a  a.  is  the 
main  fiy-du^  vessel,  mvided  into  two  compartments,  made  of  cast-iron  plates  bolted 
together.  The  whole  fiy-dung  dstem  is  from  20  to  30  feet  long,  4^  feet  wide,  and  5 
to  6  feet  deep.  The  pieces  enter  the  machine  at  the  end  1,  passes  over  and  under 
the  rollers  c  c,  being  cuawn  through  by  the  draw-rollers  d,  which  are  placed  over  the 
divisions  in  the  dstem ;  these  rollers  being  connected  and  turned  by  the  driving-shaft 
B ;  they  then  pass  through  the  compartment  a  b,  where  they  are  spirted  with  water 
from  perforated  pipes  fixed  almost  level  with  the  top  of  the  dstem,  and  beaten  by 
the  square  beaters  H,  which  are  also  connected  with  and  turned  by  the  shaft  b  ;  f  are 
the  steam-pipes  for  heating  the  liquid.  The  cistem  a  a  is  set  with  a  solution  of 
arseniate  of  soda,  containing  from  10  to  60  grains  arsenic  add  per  gallon,  according  to 
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.the  strength  and  nature  of  the  mordants  to  be  dunged ;  usually  a  little  ohalk  is  added 
sufficient  to  make  the  liquid  slightly  milky.  The  first  compartment  is  either  set  ^th 
the  same  solution,  or  sometimes  with  a  more  concentrated  one.  The  temperature 
varies  from  160°  F.  to  boil,  according  to  the  style  under  treatment.  On  leaving 
the  cistern  they  pass  successively  through  two  or  more  becks,  very  similar  to  dye- 
becks  (which  see  farther  on)  where  they  run  spirally  through  a  solution  of  arseniate 
of  soda,  much  weaker  than  that  of  the  fly-dung  cistern,  generally  about  8  to  12  grains 
arsenic  acid  per  gallon ;  to  wludi  some  printers  add  a  little  cow-dung  or  bone-size 
solution.  The  time  occupied  in  the  transit  of  a  piece  through  the  second  dung  becks 
is  from  20  to  30  minutes,  and  the  temperature  from  160<*  to  170®  F.  Fig,  874  shows 
ft  plan  and  sectioDal  elevation  of  two  seoond  dung  bdcks ;  the  piece  is  brought  ficom  the 


first  dung  cistern  and  entered  into  the  end  of  one  of  the  second  dung  becks,  over  the 
roller  a,  and  under  the  steam-pipe  b,  being  drawn  through  the  entire  length  in  a  spiral 
and  progressive  manner ;  a  few  yards  of  cloth  are  left  lying  at  the  bottom  of  the  dstem 
each  time  it  passes  over  t^e  roUer  a.  ;  b  is  the  perforated  steam-pipe  for  heating  the 
liquid ;  c,  the  drawing  shaft  for  giving  motion  to  the  draw-roller  a.  On  leaving  the 
firat  second  dung  bedc,  the  pieces  pass  in  a  similar  manner  through  the  second,  or 
others,  if  more  than  two ;  Uiey  next  pass  through  a  washing  machine.  Fig,  875 
is  a  section  of  the  washing  machine  now  most  generally  used  for  all  purposes  in  print- 
works ;  ▲,  the  framing  and  wooden  trough  of  the  machine ;  b,  large  roller  fcur  drawing 
the  doth  through  machine ;  c,  pressing  roller  above  roller  b  ;  d,  squaro  beater  roller, 
running  in  a  contrary  direction  to  the  cloth,  at  about  180  revolutions  per  minute ;  b,  wince 
roller;  f,  perforated  water-pipe;  a,  peg  rail;  h,  plaiter  wince;  i,  cloth  passing  through 
the  machine ;  it  enters  at  one  end,  and  passes  spirally,  through  to  the  delivery  end. 
The  advantages  of  this  machine  are,  great  simplicity  and  efficiency.  The  square  bowl 
causes  the  cloth  to  rise  and  fail  upon  the  sux&ce  of  the  water,  which,  being  allowed 
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to  flow  offat  the  orarflowfihowD,  is  always  kept  at  th»  right  lov«L   After  this  nnsing, 
Uie  doth  pu0es  between  the  equeeang  zoUera  at  the  top  of  the  madhine,  proTions  to 
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whieh  it  zeoeiTet  a  spirt  of  clean  water.  It  then  paaseB  into  the  troogh  orer  the 
lagged  roller,  aa  shown,  and  the  operation  is  repeated  nntil  the  cloth  is  snffidenily 
washed.  This  machine  will  wash  abont  90  yards  of  doth  per  minnte.  Wheneyer  a 
washing  machine  is  mentioned  in  tlus  artide,  it  is  to  be  nniderstood  that  this  sort  of 
machine  is  meant.    The  drawing  is  of  the  madiine  as  made  by  Mather  and  Piatt 

Up  to  this  point  there  is  scarcely  any  dil!erence  in  the  operations  on  pieces  destined 
for  styles  I  a,  b,  &&,  and  IL  Those  intended  for  dyeing  with  madder  are  printed  in 
stronger  colours  than  those  for  dyeing  with  garancin,  since  the  soaping  process 
reduces  the  strength  of  colour  considerably,  and  garandn  colours  undergo  no  seyere 
treatment  after  dydng.    The  general  prooes  of  dyeing  is  thus  performed : — 

Fiff.  376  represents  a  feont  deyation  of  a  pair  of  dye-becks,  with  automatic  winch- 
reel,  .and  ^.  377  is  an  end-eleyation  of  one  <^  them.  The  drawing  is  kindly  supplied 
by  Messrs.  Mather  and  Piatt,  at  Salford.  a  ▲  is  a  cast-iron  dstem,  8  feet  long  by  4 
feet  deep  by  8  feet  wide,  with  curyed  bottom ;  brackets  b  b  are  cast  on  the  ends  to 
support  the  system  on  the  stone  foundation.  This  beck  is  fixed  oyer  a  channel  c, 
which  communicates  with  the  system  of  drains  which  carries  away  the  waste  liquors 
into  the  riyer.  There  are  two  holes  in  the  curyed  bottom— one  at  each  end — ^which, 
.  when  the  bedc  is  in  use,  are  stopped  with  moyeable  plugs;  one  of  these  holes  communi- 
cates direct  with  tiie  drain  and  uie  other  with  a  trough  n,  which  communicates  with  a 
pit  outside  the  dye*house,  and  where  tiie  spent  madder  can  be  run  for  the  purpose  of 
making  into  garanoenx ;  b  is  a  water-pipe,  with  a  branch  into  each  beck,  with  a  screw 
;  tap  attached ;  f  is  a  main  steam-pipe,  which  diyides  into  branches  o,  famished  with 
valyea  at  h  ;  the  pipes  o  subdiyide  in  branches  i,  one  of  which  goes  down  each  end 
of  the  dye-beck,  the  perforated  pipe  k,  which  trayerses  the  beck  from  end  to  end, 
connecting  them ;  a  perforated  iron  diaphragm  is  placed  across  the  beck  from  end  to 
end ;  aboye  this  is  a  strong  rod  u,  from  end  to  end,  carrying  pieces  k  projecting  at  right 
angles  from  it.  Bolted  on  the  ends  of  the  dye-beck  is  the  framework  o,  which  carries 
theheacingtof  the  shaft  q  of  tha  windi  red;  keyed  on  th»  shaft  are  thzea  seUof 
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azms  B,  vhich teixnipate  in  f orkB, inwhieh  fit  the  spars  s;  the  reel  is  booxdedbefeweefa 
the  spars,  as  at  t.  The  firamework  o  of  the  two  aye-becks  is  oonnected  by  the  pieoa 
V,  which  carries  the  bearings  of  the  short  shaft  y,  on  which  is  keyed  one  of  a  pair  of 


mitre  wheels  w  w ;  there  are  sliding  catch  boxes  z  z,  on  this  shaft,  which  revolye 
with  it;  there  are  corresponding  catch  boxes  keyed  on  the  ends  of  the  shaft  q  ;  the 

connecting  piece  u  carries  also  the  pillar 
377  P>  which  carries  the  bearings  of  the  yertdcal 

shafts  T,  and  also  of  the  horizont^  shaft 
z ;  keyed  on  the  shafts  t  and  z  are  bevel 
wheel  a  a,  and  aC  the  bottom  of  shaft  t, 
the  mitre  wheel  w.  Permanent  motion 
being  gi yen  to  the  shaft  y  y,  by  this  gearing, 
either  of  the  reels  can  be  put  in  motion  or 
stopped  by  the  catch  bozes  z  z,  woriced 
by  leyer  handles,  in  or  ont  of  the  catch 
boxes  on  the  ends  of  the  reels.  In  work- 
ing the  becks,  two  pieces  are  knotted  end 
to  end,  and  each  length  passed  oyer  the 
reel  down  between  two  of  the  studs  x, 
under  the  steam-pipe  z,  up  behind  the 
diaphragm  i.,  being  Uien  knotted  together 
so  as  to  form  an  endless  web,  the  bulk  of 
which  lies  on  the  bottom  of  the  beck.  The 
drawing  shows  a  beck  adapted  for  16 
lengths  of  2  pieces  each,  or  80  pieces. 
About  200  gaHons  of  water  are  put  in  the 
beck  before  the  pieces  are  put  in ;  and, 
after  the  pieces,  the  dye-stuff  is  added,  the 
reel  set  in  motion,  and  the  steam  gently 
turned  on;  from  the  steam  gdnff  in  at 
each  end,  the  beck  is  uniformly  heated ; 
the  heat  is  then  gradually  raised  to  boil, 
generally  in  about  two  hours,  the  pieoes 
continually  reyolying  with  the  reel  so  as 
to  bring  each  portion  soooessiyaly  into 
the  air,  agitating  the  dyeing  materials  at  the  same  time. 

Thia  gxadual  heating  of  the  dyo:bec|:  was  a  method  aiziyad  at  by  pn^BtioOi  and  it 
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-was  only  'witliin  a  few  yean  that 
chemical  Bcienoe  has  shown  the 
wisdom,  if  not  the  necessity,  of  the 
system.  Some  dre-stofb,  and  es- 
pedally  madder,  do  not  contain  their 
oolonring  matter  ready  formed  in 
consideiable  qoanti^,  bat  contain  a 
c61oar-formin|;  principle,  which  is 
acted  on  by  mtroigenoas  ferment  also 

E)sent,  wnose  activity  is  unlocked 
the  solution  in  water,  and  by 
)  aid  of  which  the  colour-forming 
prindple  becomes  decomposed  into 
true  colouring  matter  and  some 
other  substance.  The  newly-formed 
colouring  matter  is  assimilated  by 
the  moKlant  nearly  as  fSut  as  pro- 
duced. As  with  most  ferments,  the 
temperature  of  boiling  water  de- 
stroys the  ferments  in  dye-stuffs,  and 
a  yeiy  inferior  result  would  in  many 
cases  be  produced,  were  a  boiling 
heat  to  be  giyen  during  the  first 
periods  of  dyeing.  See  Haddbb. 
With  the  colouring  matters  of  dye- 
stufb  properly  formed  and  separated 
ftom  woody  fibre,  these  precautions 
are  generally  unnecessary,  as  is 
explained  when  treating  of  madder 
extract  and  aliwirine.  When  tiie 
djving  is  fimshed,  the  steam  is  shut 
cb,  the  knots  untied,  and  the  pieces 
polled  awt  into  a  pit  of  water 
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moTmted  viUi  a  winch  reel,  which  is  always  placed  behind  eveiy  dje-beck.  After 
wincing  in  this,  the  pieces  are  fastened  together  again,  and  put  through  the  washing 
machine  two  or  three  times ;  they  then  are  ready  for  the  subsequent  operations. 

Another  method  of  dyeing  is  now  adopted  by  seyeral  printers,  termed  spiial-dyeing. 
In  this  process  30  to  40  pieces  are  left  stitched  together,  entered  into  the  dye-beck  at 
one  end,  and  caused  to  revolve  spirally  through  the  liquor  and  over  the  wince  &om 
end  to  end  of  the  beck ;  the  end  wnich  was  entered  first  is  now  passed  through  a  porce- 
lain  eye,  brought  back  across  the  &ce  of  the  beck,  and  knotted  to  the  last  end  of  the 
set  of  pieces,  after  passing  through  another  eye  which  directs  the  cbth  into  the  dya 
beck  again.  The  process  is  now  continuous,  and  the  pieces  constantly  moving  from 
end  to  end  and  back  again,  pass  through  all  parts  of  the  dye-beck,  and  are  a&  sub- 
jected to  the  same  heat.  It  is  said  that  mucn  greater  uniformity  of  dye  is  obtained 
by  this  method.  Figs,  378  and  379  show  the  spiral  or  endless  dye-beck  of  Mather 
and  Piatt  a,  cast-iron  dye-beck ;  b,  fixings  for  carrying  wince ;  c,  winces ;  d,  cloth 
being  dyed ;  s,  spur  wheels,  and  catch  boxes,  &;c.,  for  &ving ;  f,  driving  shaft ;  a, 
handles  and  tappet  shafts  for  putting  in  motion  or  stopping  Uie  wince ;  h,  steam- 
valve  ;  I,  steam-pipes ;  x,  perforated  steam-pipe  passing  through  the  beck ;  l,  mid- 
feather  ;  jf,  peg-rail  for  keeping  the  pieces  from  entangling.    Messrs.  Mather  and 


Piatt  have  recently  introduced  a  double-cased  dye-beck,  for  which  they  claim  tho 
following  advantages : — 

1st.  Having  neither  internal  steam-pipe,  nor  midfeather,  there  is  no  possibility  of 
teariiuf  or  damaging  the  goods  in  the  process  of  dyeing.  2nd.  As  no  steam  is  ad- 
mitted to  the  dyeing  solution,  its  strength  is  maintained  uniform,  and,  in  &ct,  rather 
increased  to  the  end  of  the  operation.  Srd.  Perfect  freedom  from  stains  is  insured. 
4.  The  work  is  more  regular,  and  e£fected  at  lessisoBt  of  nateoal  than  with  beok^  to 
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irhich  Bteam  is  admitted  in  the  ordinary  mj.    It  is  double  eased  in  the  lower  part, 

the  lining  being  made  of  oopperi  and  the  onter  shell  of  cast-iion. 

Fia,  880  shows  a  section  of 
this  beck,  a,  cast-iron  onter 
i&asing  of  dye-beck,  bolted 
together  in  two  parts ;  b, 
copper  lining  of  beck;  c, 
steun  space,  in  the  bottom 
half  of  beck  only ;  n,  wince, 
making  42  reyolutions  per 
minnte;  s,  driving  pulley; 
F,  peg  rail;  o,  cloth  being 
d^ed ;  h,  water-Talve  and 
pipes  ;  I,  steam-Talye  ;  k, 
steam-pipes,  supplying  the 
steam  space  at  intervals  along 
the  body  of  beck ;  l,  letroff 
plug  and  seating;  u,  silk  for 
canvingbeck. 

Ohinta  work  is  dyed  with 
fh>m  1  lb.  to  5  lbs.  madder 
per  piece  of  80  yards,  accord- 
ing to  the  pattern ;  ffenerally , 
a  little  chalk  is  added,  and 
if  there  is  no  purple  in  the 
pattern,  some  sumac,  which 
IS  found  to  economise  madder, 
but  will  not  do  where  there  is 
pie,  the  shade  of  which  it 


The  extensive  use  in  topical 
printing  of  madder  ezlssct, 
which  is  the  colouring  matter 
of  madder  in  a  nearly  pure 
state,  led  Messrs.  A.  Ihmcan 
and  Co.,  of  Manchester,  to 
experiment  on  dyeing  pieces 
by  running  them  stitched  to- 
gether, and  extended  to  the 
Ml  width  through  a  series 
of  cisterns  similar  to  the  *  fly- 
dung'  dstems,  charged  with 
a  ^ure  extract  of  madder  and 
boiling  water.  The  theory 
was  that  if  the  madder  ex- 
tract were  kept  in  large 
excess  of  the  requirements  of 
the  pieces,  and  the  cisterns 
kept  boiling,  the  mordants 
would  become  saturated  with 
colouring  matter  in  a  very 
short  time.  Their  experi- 
ments resulted  in  a  patent 
taken  outinl871;andaltnough 
it  can  scarcely  at  the  present 
time  be  said  that  the  trade  is 
satisfied  as  to  the  economy  of 
the  process,  yery  excellent 
results  have  been  arrived 
at  by  some  printers,  and  the 
process  would  appear  one  of 
great  promise.  "Well-dyed 
pieces  both  of  light  and  full 
shades  have  been  obtained 
in  j&om  8  to  6  minutes,  being 
the  time  required  for  a  given 
point  in  a  {deee  to  travel  from  the  entering  end  to  the  issuing  end  of  the  apparatos. 
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The  ciiUrmi  «r9  kfipt  eonstanily  chaige^  with  extanet  diluted  with  waier,  in  quantity 
cocreepondiiig  to  that  muired  by  the  pieces  if  dved  in  the  ordinary  beck;  thus,  the 
eiflterne  are  kept  up  to  the  ori^nal  strength,  which,  as  above  stated,  is  excessive  com- 
pared with  the  actual  wants  of  the  mordants.  This,  however,  is  of  no  consequence 
if  the  arrangement  be  such  that  the  issuing  pieces  bring  away  with  them  only  a  veiy 
small  percentage  of  the  excess  of  dye.  TUs  is  managed  by  squeezing  them  under 
bowls  and  passing  them  through  water,  which  is  employed  to  fill  up  the  cisterns. 
Fig,  881  represents  a  section  of  the  *  open  dye-beck '  of  Mather  and  Flatt,  arranged 
specially  for  this  process,  a,  wooden  ostems ;  b,  wooden  rollers  with  brass  centres, 
fixtures,  &c  for  immersing  the  cloth ;  c,  drawing  rollers,  from  cistern  to  cistern ;  d, 
strong  squeeiing  rollers ;  b,  washing-off  dstem  with  beater  f  ;  o,  steam-boiling  pipes, 
j^,  which  do  not  iigect  steam  into  the  liquor,  but  terminate  in  oondensed  water-pipes 
H ;  I,  cloth  passing  ihrouf^h  the  machine ;  x,  drawing  pullies  and  spur  wheels.  In 
reference  to  this  open  dyeing  process,  it  is  obvious  that  unless  the  extract  of  madder 
used  is  very  pure  and  firee  from  fine  particles  of  woody  fibre  and  chemical  salts, 
the  constant  addition  of  it»  without  drairing  anything  0%  would  result  in  time 
in  the  dstems  being  loaded  with  impurities  which  would  weaken  and  eventually  stop 
the  dyeing  power  of  the  extract^  no  matter  in  what  quantity  added.  The  extract 
made  by  Tennants  and  Co.,  of  Scotland,  specially  for  this  purpose,  is  claimed  to  be 
of  the  degree  of  purity  required.  It  is  probable,  however,  that  the  artificial  aliza- 
rine now  made  in  perfect  purity,  and  consequently  entirely  free  from  woodj^  fibre  and 
resinous  oolouring  matters,  will  be  found  most  suitable  for  this  process,  if  it  becomes 
a  well-established  one  in  oalioo-printing  works.  Much  will,  of  course,  depend  on  the 
prices  of  the  artificial  and  the  natural  alizarine  as  delivered  to  oonsumecs.  It  may 
be  here  stated  that  the  value  of  the  open  and  quick  dyeing  process  as  an  eoonomiser 
of  material  and  time  has  been  somewhat  reduced  by  tlie  discovery  that  several  sets  of 
pieoet  may  be  dyed  with  artificial  alizarine  in  the  ordinary  dye-beok  without  letting- 
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off  between  each  set»  but  merely  adding  after  the  withdrawal  of  a  set  (<^  say  80  pieces) 
the  quantity  of  alizarine  necessary  for  the  next  set,  entering  these  at  once  in  the 
boiling  hot  liquor,  which  becomes  cooled  down  by  the  wet  pieces  to  about  130''  F., 
and  recommencing  the  dyeing ;  the  becks  being  brought  to  boil  in  an  hour,  and  the 
pieces  withdrawn.  As  man^  as  6  sets  can  be  done  in  this  way,  and  as  the  dyeing  with 
artificial  alizarine  in  an  ordinary  beck  need  not  last  above  an  hour,  the  economy  in 
time  of  the  open  dyeing  would  appear  somewhat  doubtful. 

liaddered  goods,  on  issuing  from  the  dye-beck,  are  tax  from  possessdng  the  beauty 
that  they  afterwards  show,  the  colours  are  dull  and  heavy,  and  the  white  part  stained 
with  a  reddish  shade ;  various  clearings  are  required,  in  which  soap  plays  a  principal 
part  Garancined  goods  show  pretty  nearly  the  colour  they  are  intended  to  be ;  but  as 
the  white  is  ^so  stained,  a  peculiar  clearing  is  given  them,  wiiich  will  be  described 
further  on.  Madder  goods  are  cleared  with  soap  in  a  beck  similar  to  a  dye-beck. 
They  receive  generally  two  soapings  at  boil  of  about  half-an-hour  each,  with  firom  \ 
to  i  lb.  of  soap  per  piece  each  time,  washing  between.  If  t^e  white  is  not  sufiSdently 
good,  the  pieces  are  spread  out  on  the  grass  for  a  day  or  two,  and  are  afterwards 
winced  in  not  water  to  which  a  little  solution  of  chloride  of  lime  or  soda  is  added. 
They  are  then  washed  and  dried. 

The  success  of  the  spiral  system  of  dyeing  led  printers  to  adopt  a  similar  system  fori 
soaping,  and  at  the  pnndpalprint-warks  this  operation  is  now  performed  in  a  series 
of  becks,  generally  7  or  8.  Tne  pieces  enter  at  one  end  of  t)ie  first  beck  of  the  series, 
and  after  passing  spirally  through  this,  traverse  successively  the  remainder  of  the 
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•flsies.  Clean  soap  Uqwa  is  kept  floiriog  into  the  last  beck  of  the  sezies ;  and  at  each 
beck  is  oonneeted  by  a  pipe  with  the  nezt»  the  soap  solntion  is  flowing  all  the  time  in 
a  oontraiy  direction  to  the  nieoee  and  leaves  the  mst  beck  in  a  thoronghly  ezhansted 
condition ;  the  pieces  in  their  onward  passage  keep  meeting  with  soap  liquor  less 
ehaiged  with  oolonring  matter  and  impurities,  until  finally  they  pass  throng  almost 
unsoiled  soap  solution.  The  passage  of  a  given  pdnt  of  a  piece  through  the  series, 
occupies  about  half-an-hour.  Fig,  882  shows  two  of  these  becks  in  addon;  thev  are 
those  of  Mather  and  Piatt,  a,  oast-iron  soap-bedks ;  b,  fixings  for  carrying  rollers ; 
0,  wooden  rollers ;  0^  square  wooden  doffing  roller ;  n,  doth  being  soaped  on  the  con* 
tanuous  system,  any  number  of  becks  may  be  used  for  this  purpose,  they  are  genei^y 
wori:ed  in  ranges  of  7 ;  2  only  here  shown ;  s,  spur  wheel  and  catch  box  for  driyinf ; 
F,  driving  shaft ;  o,  handles  and  tappet  shafts  ror  putting  in  motion  or  stopping  me 
roUers;  h,  steam-valve;  i,  steam-pipes;  x,  water-valves  and  pijpes;  l,  perforated 
steam-pipes  passing  through  becks ;  x,  midfeather ;  v,  delivery  winoe  on  each  beck» 
which  can  be  used  if  necessaxy ;  o,  peg  rail. 

The  waste  soap  liquor  at  present  allowed  to  run  into  Uie  rivers,  polluting  them,  and 
being  the  means  of  keeping  m  suspension  for  a  long  distance  fine  particles  of  dye- 
stoffii,  will  probably  be  soon  turned  to  advantage  by  the  printer,  for  the  experiments 
on  the  large  scale  of  Mr.  John  Thom,  of  Birkacre,  have  conclusively  shown  that  by  a 
very  simple  and  easy  process,  all  the  fatty  matter  with  the  coloured  impurities  dis- 
solved in  the  soap  can  be  preciptated  and  collected,  and  a  patent  taken  out  by  Thxm 
and  Stenhouse  in  1872  describes  methods  of  separating  usenil  and  commercial  articles 
ftom  these  prediatates.  After  soaping,  the  pieeee  are  well  washed  in  the  waaldng 
machine. 

Pieces  of  any  style,  after  undergoing  the  final  process,  are  passed  through  a  pair  of 
squeezing  rollers,  or  put  in  the  hvdroextraetor,  when  the  moisture  is  driven  out  by 
oentrifogal  tooe ;  they  are  then  dryed  on  the  cylinder  drying  machine.    See  Htixbo* 


^aU  HirpU  is  a  st^le  composed  of  black  and  one  or  more  shades  of  purple  onlv, 
and  requires  a  little  difibrent  treatment.  Print  in  black  No.  4,  dadcpmple  to  shade 
Ko.  27  and  add,  say  No.  85,  cover  pad  in  pale  purple  No.  80,  age.  Ily  cning  at  170® 
P.,  second  dung  at  165^  P.  half  an  hour ;  wash  and  ground  wiui  dry  U^key  madder 
root  giving  ^th  of  its  wei^t  in  chalk,  and  8  quarts  of  bone  size  to  the  bed: ;  bring 
to  1 75®  F.  in  two  hours,  and  keep  at  1 75®  F.  half  an  homr ;  wash  well  and  soap  15  meces, 
|ths,  80  yards,  half  an  hour  at  boil  with  5  lbs.  soap  to  15  pieces ;  wash  weUand  winoe 
5  minutes  at  140®  P.  with  2  quarts  ehloride-of-lime  liquor  at  8®  P.  to  800  gallons ; 
wince  and  soap  again  at  boil  naif  an  hour  with  8  lbs.  soap  to  15  pieces ;  wash  and 
wince  5  minutes  in  4  quarts  chloride  of  lime  at  8®  P.  and  2  lbs.  carbonate-of-soda 
crystals  to  200  gallons  water  at  160® ;  well  wash  and  dry. 

In  this  style,  as  in  any  where  there  is  severe  soaping,  it  is  necessary  to  ^ve  a 
slight  excess  of  madder  in  the  dye,  so  as  to  ensure  perfect  saturation — ^if  this  is  not 
done,  the  colour  speedily  degrades,  and  becomes  impoverished.  It  may  be  observed 
here,  that  the  style  Plates  are  such  as  formerlv  were  printed  by  the  plate  or  fiat  press, 
and  are  generally  small  patterns,  with  padded  or  wdl  covered  grounds,  the  colours 
being  few,  and  frequently  only  difCbrent  shades  of  one  colour. 

Plate  Pinks  or  8wiu  Pinks. — A  style  imported  from  Switzerland,  consisting  (tf 
various  shades  of  red  and  delicate  {unks,  produced  as  follows.  Brint  in  No.  6  with 
second  or  third  shades  as  No.  7 — add  No.  84  may  be  also  printed  and  a  very  pale 
shade  of  red  covered,  aged  two  or  three  days,  dunged  at  160®  P. — ^if  dung^^ubstituta 
is  used,  care  must  be  taken  to  use  one  that  is  not  caustic  £K>m  free  alkali :  the 
dyeing  must  be  done  with  the  finest  quality  of  Prench  or  Turkey  madder.  The 
pieces  must  have  suffident  madder  allowed  to  over-dye  them,  or  dye  a  heavy  brownish 
red.  For  a  Ml  plate  pink  on  |ths  doth,  ftom  4  to  6  lbs.  of  Prench  madder  will  be 
required.  About  5  pw  cent,  of  chalk  may  be  added  to  the  dye  where  the  water  is  soft. 
The  heat  should  be  raised  to  150®  P.  in  2  hours,  and  kept  at  that  heat  hiUf  an  hour. 
It  is  necessary  to  keep  the  heat  low  in  dyeing  Prench  pinks,  to  prevent  the  impurities 
ftom  fixing  on  the  mordanto,  as  only  the  very  finest  portion  of  the  colouring  matter 
must  be  fixed— after  d^dng,  the  pieces  are  well  washed  and  soaped  with  about  half 
a  pound  of  soap  per  piece  in  a  beck  at  140®  P.  for  half  an  hour,  they  are  then  well 
washed  and  entered  m  a  bedc  with  cold  water  to  which  has  been  added  suffident 
oxymuriate  of  tin  or  sulphuric  add  to  make  faintly  sour,  a  little  steam  is  turned  on, 
and  the  heat  raised  to  about  120®  P.  in  half  an  hour;  the  colours  which  on  entering 
the  beck  were  fall  shades  of  red,  gradually  assume  an  orange  tint,  and  when  of  a 
bright  orange  colour,  the  pieces  are  taken  out  and  winced  in  water.  This  operation, 
termed  cutting^  is  the  one  that  deddes  the  depth  of  tint  in  the  finished  pieces.  The 
longer  the  pieces  are  kept  in  the  beck  and  the  greater  the  heat,  the  paler  and  more 
de&ate  the  shi^e  of  pink  obtained.    After  tins  treatment  they  are  put  in  a  beck 
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inth  foap  and  boiled  for  an  Hour,  taken  out,  'washed  irall,  and  put  in  a  sizong  pan  ohazged 
"with  soap  and  water,  the  lid  screwed  down,  and  boiled  at  a  pressure  of  two  atmospheres^ 
eiUxer  by  direct  fire  or  high^pressnre  steam,  for  two  or  uiree  honrs,  then  taken  out» 
washed,  and  put  in  a  beck  with  water  at  160^  F.  charged  with  a  little  h^rpochlorite  of 
soda ;  they  stay  in  this  about  ten  minutes,  and  are  then  washed  and  dn&L.  In  some 
print-works,  after  the  high-pressure  boil,  the  pieces  are  spread  out  on  the  grass  for  a 
night  or  two,  and  then  clearod  in  hypochlorite,  &c.  The  use  of  the  add  here  is  not 
yeiY  dear,  it  probably  completely  purifies  the  colour  from  iron  which  may  have  been 
in  tne  mordant^  but  it  also  seems  to  render  the  combination  of  alumina,  tin,  lime» 
colouring  matter  and  fat-add  a  definite  one  by  removing  a  small  quantity  of  the  mor- 
dant. The  Prench  chemists  assert,  that  after  the  final  ]^rocees,  &  definite  atomic  com- 
pound of  lime  and  alumina,  colouring  matter,  and  fat-acid  remains. 

The  quality'  of  the  soap  used  by  printers  is  of  great  importance.  It  is  made  for  them 
Specially  from  palm-oil,  and  requires  to  be  as  neutral  an  oleo-stearate  as  possible;  an 
alkaline  soap  like  domestic  soap  would  impoverish  and  degrade  the  shades. 

The  soaping  process  has  a  two-fold  actbn : — 

To  dear  the  white  while  deoompodng  the  compound  of  lime  and  colouring  matter 
which  forms  the  stain ;  this  is  done  by  double  decompodtion,  forming  oleo-etearate  of 
lime,  which  dissolves  or  forms  an  emuldon  with  the  excess  of  soap ;  and  a  compound 
of  soda  and  colouring  matter,  which  dissolves.  In  its  action  on  the  dyed  parts,  it 
probably  first  removes  resinous  and  other  impurities  which  are  loosely  held  by  the 
mordant^  and  secondly  gives  up  a  portion  of  its  f&t-add  to  the  dyed  parte — ^the 
resinous  adds  or  posdbly  phosphoric  add  from  the  dyed  parts,  by  combining  with  the 
soda,  setting  free  &t-add  for  this  purpose. 

In  reference  to  the  above  Swiss  pink  style,  it  mav  be  observed  that  various  shades 
of  pinks  are  required  for  di£ferent  marketo,  and  where  as  in  many  cases  a  fuU  rich 
inexpensive  colour  is  required,^  the  method  of  ^eing  at  low  heate  as  described  above 
is  unnecessary,  and  the  bedcs  are  brought  nearly  to  a  boil.  Where  an  orange-tinted 
^de  is  reqtdred  the  goods  may  be  dyed  with  garandn  of  good  quality  or  with  a 
mixture  of  madder  and  garandn. 

;  A  few  years  ago  Mr.  Thomas  Lightfbot,  of  Accrington,  discovered  that  madder  or 
garandn-^yed  ^K>dst  if  dried  and  steamed  in  the  manner  usual  in  fixing  steam 
colours,  became  much  less  degraded  by  soap  in  the  dearing  process  for  Swiss  pinks, 
and  that  a  condderable  saving  of  madder  or  garandn  might  thus  be  efifocted,  weaker 
mordante  and  consequently  less  dye-stuff  bdng  employed.  Mr.  Lightfoot  patented  the 
use  of  steam  as  an  intermediate  process  between  the  dyeing  and  soaping  of  these 
colours,  and  the  process  is  now  generally  used.  Mr.  John  Graham  had  in  1855 
patented  the  use  of  steam  for '  fixing '  the  colours  of  dyed  doth,  but  his  patent  does 
not  mention  any  subsequent  process,  and  it  is  doubtful  in  what  respecte  his  so-called 
fixed  colours  were  better  thtui  the  ordinary  dyed  goods.  Some  ^nters  pass  the  dyed 
goods  through  an  oily  emulsion  previously  to  drying  before  steaming,  with  the  object  of 
caumng  a  combination  between  the  base  of  the  mordant,  the  colouring  matter  and 
the  oily  add,  and  so  dispense  with  some  of  the  usual  a>aping  processes.  Swiss  pinks 
are  sometimes  '  covered  with  a  pattern  which  harmonises  with  that  of  the  innks,  in  a 
discharge  vellow  made  of  salte  of  lead  mixed  with  add ;  and  after  *  covering,^  the  goods 
are  passea  through  strong  chloride-of-lime  solution  which,  beiiig  decomposed  by  the 
add,  the  free  chloride  liberated  destro3rs  the  pink-dyed  part  und^  the  yellow,  and  the 
insoluble  lead  salt  left  in  its  place  is  dyed  or  raised  with  bichromate  of  potash.  A 
stnrle  of  madder  work  occasionally  extendvely  printed  is  the  madder  orange  style, 
where  the  orange  is  a  salt  of  lead  and  called  *  madder  orange '  because  it  has  passed 
through  iJie  madder  process  along  with  the  proper  madder  colours.  The  cloth  is 
padded  with  solution  of  sulphate  of  soda  containing  4  ounces  of  the  crystallised  salt 
per  gallon,  dried  and  printed  in  madder  black,  and  purple,  or  blade,  red  and  purple 
with  orange,  say  of  l^os.  4,  6,  27,  the  orange  No.  64a,  and  cover,  or  cover  and  pieid 
with  weaker  purples,  an  add  83  to  85  may  also  be  printed  along  with  the  other 
colours.  After  *  ageing,'  instead  of  dunging,  run  through  a  dstem  set  with  2  lbs. 
crystallised  sulphate  of  soda  and  ^  ounce  of  crystallised  phosphate  of  soda  per  gallon 
of  water  at  150^  F. ;  wash  well  and  dye  with  madder  as  usual ;  wash  and  dear  by 
running  through  a  beck  set  with  300  gallons  water  at  140^  F.,  2  quarte  chloride  of 
lime  solutdon  at  8^  Twaddell,  and  2  quarte  of  solution  of  carbonate  of  soda  at  8^ 
Twaddell,  run  through  water,  then  through  the  spiral  soaping  becks  at  boil  for  half 
an  hour,  then  run  through  water,  next  Sirough  a  chloride  of  lime  and  soda  dstem 
set  as  before  but  boiling,  then  through  the  spiral  soajang  becks  at  boil,  again  into 
diloride  of  lime  and  soda  set  as  above  but  at  boil ;  wash  well  and  raise  the  lead 
colour  to  yellow  by  pasdng  for  half  a  minute  through  a  dstem  containing  800  gallons 
of  cdd  water,  30  lbs.  of  bichromate  of  potash  and  3  quarte  of  sulphuric  add ;  run 
tarn  thia  intp  watcjc  And  wash  well ;  to  change  the  yellow  into  oiango  ran  throu^ 
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ft  astern  contaimDg  300  gallona  of  boiling  waterr  5  lbs.  bichromftte  of  -potasb,  and 
6  lbs.  quicklime.  After  the  passage  of  eyeij  10  peces  add  1  oz.  bichromate  of  potash 
and  1  oz.  quicklime  dissolyed  in  3  gallons  of  water ;  after  this  orangeing,  wash  well 
and  dry. 

No.  64a,  Orange.—7i  gallons  of  water;  «0  lbs.  white  acetate  of  lead;  22)  lbs. 
litharge ;  boil  20  to  30  minutes  till  all  dissolved,  let  setUe  and  thicken  the  clear  liquor 
"witb  oldned  wheat  starch  (British  gum). 

Second  Bt^U:  Garanem, 

Almost  all  the  madder  styles  are  imitated  by  dyeing  with  garandui  ft  concentrated 
preparation  of  madder  (see  Maddbb),  which  dyes  fine  brilliant  colours  at  once,  not 
requiring  to  be  soaped  to  derelope  the  shades,  but  not  possessing  the  extreme  solidity 
of  madder  colour.  Cktrandn  dyeing  is  the  most  economical  way  of  usins  madder, 
since  more  colouring  matter  is  obtained  in  this  way  than  by  using  madder  £rect,  and 
consequently  garandn  is  principally  used  for  full  heayr  colours,  which,  if  dyed  with 
madder  and  soaped,  would  be  to  a  certain  extent  abraaed  and  not  stand  so  finely  on 
the  surface  6f  the  cloth.  Chocolate  grounds,  black,  red,  and  diocolate,  with  brown  or 
drab,  dark  purple  plates,  black  and  scSarlet  ground,  are  thus  dyed ;  in  short,  whereyer 
the  pattern  is  yery  fall  and  cheapness  essential,  garandn  is  resorted  to.  The  colours 
or  mordants  for  garandn  are  usually  about  two-thirds  of  the  strength  of  similar  colours 
for  madder  (see  the  list  of  colours^ ;  the  ageing  and  dunging,  &e,,  are  the  same  as  for 
madder ;  the  d^ne  is  performed  m  the  same  manner,  using  from  one-fourth  to  one- 
third  the  quantity  uiat  would  be  used  of  madder.  A  little  <£alk  is  also  added,  where 
the  water  is  soft;  and  the  dyeing  is  commenced  at  110^  F.,  ftud  carried  to  186^  F.,  or 
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190^  F.  in  two  hours ;  then  got  out  and  well  washed  and  rinsed  in  water  at  140*^  F.,  in 
a  beck,  for  10  minutes,  then  squeezed  and  dried.  The  white  is  alwa^  stained  a 
little,  though  not  to  the  same  extent  as  in  maddered  goods,  and  this  slight  stain  is 
remoyed  by  a  process  peculiar  to  garandn  goods. 

Fi^.  883  is  a  plan,  and  fig,  384  an  eleyation  of  the  chloring  apparatus  used  for 
deanng  the  white  grounds  of  garandn-dyed  goods,  for  which  we  are  indebted  to 
Mr.  Fumival.  ▲  is  a  padding  machine  with  two  brass  or  one  brass  and  one  yulcanised 
India-rubber  roller,  and  box  to  hold  the  solution  of  hypochlorite  of  lime;  b  is  ft 
diyinjg  machine  with  copper  cylinders,  for  partially  drying  Uie  goods  after  the  first 
chloriiuf ;  0  is  a  second  paddinff  machine  siimlar  to  ▲ ;  d  is  a  steaming  box,  with  rollers 
top  and  bottom,  and  peribrated  steam-pipe ;  a  is  a  water  dstem  with  divisions  and 
rollers ;  f  is  a  water  mangle  or  padding  machine,  similar  to  ▲  and  o,  with  water  only 
in  the  trough ;  o  is  a  dryins  machine  large  enough  to  thoroughly  dry  the  doth ;  these 
machines  ifte  connected  with  and  turned  b^  the  shaft  k  ;  to  prevent  pulling  the  doth, 
and  to  adjust  the  speed  of  the  machines  with  each  other,  the  rollers  o  are  made  exactly 
the  same  size,  and  the  speed  of  the  drying  machines  is  regulated  by  the  firicdon  plates 
L.  The  doth  is  passed  between  the  rollers  in  the  first  diloring  machine  a,  which  is 
set  with  solution  of  hypochlorite  of  lime  from  ^°  to  2i®  Twaddell's  hydrometer,  ac- 
cording to  the  depth  of  stain  on  the  white,  oyer  the  first  drying  madiine  cylinders  of 
B,  into  solution  of  hypochlorite  of  lime  again  in  the  trough  of,  trnd  through  the  rollers 
of  c,  from  this  through  the  steaming-box  d,  entering  the  box  by  a  narrow  slit,  which 
just  admits  the  piece,  and  leaving  by  a  similar  opening,  which  is  protected  by  a  sort 
of  bood  whidi  dips  into  the  water  in  s,  then  between  the  rollers  of  the  water  mangle 
w  and  oveir  the  cylinders  of  the  drying  madiine  o.  The  doth  passes  through  the  yarioas 
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machines  at  the  rate  of  90  to  120  yards  per  minute,  "with  the  attendance  of  one  man 
and  two  boys.  By  chloring  in  this  manner  the  stained  whites  are  bleached  irithottt 
degrading  Uie  dyed  colonrs  as  would  be  the  ease  if  the  goods  were  winced  in  a  solution 
of  the  hypochlorite. 

There  are  seyeral  yarieties  of  garandn,  each  adapted  to  tnrticular  styles.  For 
dark  fW  black,  chocolate,  and  red,  with  brown  or  drab,  and  where  there  is  no  purple, 
a  garandn  termed  *  chocolate  ffarandn,'  made  firom  the  commonest  descriptions  of 
madder,  answers  very  well,  and  this  class  of  goods  is  usually  dyed  with  chocolate 
garandn,  assisted  by  small  quantities  of  sumac,  qfuerdtron  bark,  and  peachwood, 
which  additions  ffiye  ftill  rich  shades.  Where  there  is  purple,  none  of  these  ac|juncts 
can  be  used,  and  the  garandn  requires  to  be  made  from  a  superior  description  of 
madder. 

'Within  the  last  few  years  great  improvements  in  the  manufiEictnre  of  purple  garan- 
dns  haye  been  made.  Good  purple  garandn  contains  two  colouring  matters,  alizarine 
and  pupurine,  one  or  two  coloured  resins  and  pectic  add.  Of  the  two  colouring 
matters,  alizarine  only  dyes  a  pleasing  purple,  pnrpurine  giving  a  reddish  and  oom- 
paratiyely  dull  shade ;  the  pectic  add  ana  resins  are  simply  injurious,  though  they 
can  be  to  a  considerable  extent  masked  by  tiie  addition  of  a  litUe  chalk  to  the  beck 
when  dydng.  Mr.  S.  Fincoflb,  experimenting  on  yarious  ways  of  destroying  the 
ii^'urious  parts  of  purple  garandn  without  imuring  the  alizarine,  discovered  that  seal- 
ing up  the  garandn  in  a  strong  tube  with  a  little  water,  and  exposing  the  tube  to  a 
high  temperature  for  a  few  hours,  so  that  the  contents  would  be  under  a  pressure  of 
two  atmospheres,  greatly  improved  the  ganndn.  Farther  experiments  in  the  same 
direction  by  Dr.  E.  Schunck  resulted  in  a  joint  patent  taken  out  on  Oct  15,  1852,  by 
Pinco£&  and  Schundt  for  the  preparation  of  a  substance  called  by  them  '  Commerdal 
Alizarine.'  The  process  consisted  in  first  making  garandn  in  tne  ordinary  manner, 
but  washing  very  caref^y,  so  that  no  acid  Was  Icit  in  the  substance.  The  garandn 
was  then  filtered  and  pressed  and  padced  into  a  strong  iron  cylinder,  furnished  with  a 
false  bottom  perforated  with  holes,  on  which  the  pressed  and  broken-up  cake  of  garan- 
dn was  placed ;  near  the  bottom  of  the  cylinder,  and  under  the  &lse  bottom,  was  a 
small  tap^  for  allowing  the  escape  of  condensed  water,  and  both  at  the  top  and  bottom, 
the  vessel  was  provided  with  pipes  for  the  admission  of  steam.  The  material  haying 
been  placed  on  the  false  bottom,  the  man-hole  lid  in  the  upper  part  was  dosed,  and 
high-pressure  steam  at  about  30  lbs.  to  the  square  inch  admitted  and  allowed  to 
blow  freely  through  the  bottom  tap  for  a  few  minutes.  Tins  was  then  dosed,  and  the 
steam  allowed  to  act  on  the  material  for  about  fourteen  hours,  the  bottom  tap  being 
occasionally  opened  to  blow  off  the  condensed  water.  The  steam  was  tl^n  turned  o^ 
and  the  contents  of  the  cylinder  removed,  dried,  and  ground. 

In  this  process  the  peddc  add  is  destroyed,  and  a  kur^  portion  of  the  resins  dther 
destroyed  or  rendered  insoluble  in  the  solution  of  the  alizarine  when  dyeing.  It  is  a 
disputed  point  whether  the  purpurine  is  destroyed  or  converted  into  alizarine.  A  F^rench 
chemist  has  asserted  that  he  luis  chanffed  purpurine  into  alizarine  by  heating  it  in  a 
tube  with  water  under  a  pressure  of  4  atnu)spheres,  but  this  statement  has  been 
negatived  by  other  chemists.  The  garandn  operated  upon  by  Fincoffii  and  Schunck's 
patent  has  lost  a  considerable  portion  of  its  dydng  power,  although  it  now  dyes  year 
pure  shades,  hence  it  would  appear  that  the  purpurine  is  really  destroyed.  Bjggin  fol- 
lowed soon  after,  patenting  a  mode  of  preparing  a  superior  purple  garandn,  by  lx»ling 
for  seyeral  hours  the  ordinary  purple  garancin  with  water  and  small  quantities  <tf 
idkalies  or  alkaline  salts.  In  wis  process  the  purpurine  is  not  destroyed,  but  the 
redns  and  pectic  add  are  removed  in  solution  in  the  menstruum  employed.  This 
flarandn,  though  not  dydng  purple  of  such  extreme  purity  as  commerdal  alizarine, 
Has  the  advantage  over  this  latter  of  dyeing  black  and  good  reds  with  a  very  good 
purple.  Pernod,  a  Erendi  garandn  maker,  subsequently  patented  a  method  c^  boil- 
ing purple  garandn  in  water  in  a  tall  wooden  vat  by  hi^-pressure  steam.  In  this 
process  the  pectic  add  is  changed  into  a  soluble  modification  of  it,  and  washed 
out  with  water  afterwards.  This  preparation,  as  made  by  the  firm  in  which 
Mr.  Pernod  is  a  partner,  is  of  great  purity  and  strength,  and  compares  very  well  with 
the  commerdal  alizarine,  both  these  preparations  dyeing  purples  almost  as  pure  as 
the  finest  soaped  madder  pnrples. 

These  improved  garandns  stain  the  white  grounds  very  little,  and  produce  con- 
siderably fiister  work  than  the  ordinary  garandns  ;  the  goods  may  even  be  soaped  to 
a  considerable  extent.  A  garandn  that  will  bear  as  severe  soaping  as  madder,  or  a 
method  of  so  dydng  with  garandn  as  to  produce  the  same  eSdctj  is  still  a  dedderatum. 
When  this  can  be  accomplished,  there  will  be  an  end  of  dyeing  with  madder,  which 
will  be  conddered  a  raw  material,  and  be  all  manufactured  into  garandn. 

Owing  to  the  introduction  of  artificial  alizarine  there  has  been  already  a  sensibla 
fiilUng  ^  in  the  consumption  of  these  fine  purple  garandns,  and  it  appears  probabla 
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Ihat  if  the  arfifidal  product  eanbe  Imm^t  in  at  eTfisn  ft  little  higher  relatlTe  price 
than  these  dye-stufb,  the  superior  colours  produced  by  it  and  the  oompaitttiye  deand- 
ness  of  its  use,  will  drive  garancins  out  of  the  market. 

Garancma, — ^In  ordinary  madder-dyeing,  the  madder  can  never  be  made  to  give 
np  all  its  colouring  matter ;  when  all  colouring  matter  soluble  in  water  has  been  ex* 
hausted,  there  still  remains  about  a  quarter  of  the  whole  quantity  combined  with  lime 
and  mixed  with  the  woody  fibre. 

Before  the  patent  of  Bteiner  in  1832  this  spent  madder  was  thrown  away.  He 
showed  the  printers  that  they  were  thus  squandering  thousands  of  pounds,  and  the 
collection  of  spent  madder  and  its  oonrersion  into  garanceux  soon  beoime  uniyersal ; 
a  second  patent  by  Steiner  in  1843  having  shown  a  more  practicable  method  of 
utilising  waste  madder. 

The  spent  madder  is  run  off  into  a  pit  outside  the  dye-house,  where  it  is  mixed  with 
a  small  quantity  of  sulphuric  add,  to  predpitate  any  colouring  matter  in  solution. 
It  is  then  allowed  to  drain  dry ;  removed  from  the  pit,  it  is  boiled  in  a  leaden  vessel, 
with  more  sul|^uric  add,  for  several  hours,  then  washed  on  a  filter  till  free  from  add, 
and  after  draining  is  ready  for  use.  It  dyes  to  about  one-third  the  strength  of 
ordinary  chocolate  garandn,  and  is  prindpally  used  for  the  commoner  garandn  styles. 
Hr.  John  Lightfoot,  of  Accrington,  has  patented  an  improvement  in  the  ordinary 
process  of  m^ng  garanceux.  He  recommends  large  vats  to  be  provided,  two  or  more 
m  number,  each  suffidently  large  to  contain  all  the  waste  dydng  liquor  produced  in 
the  dye-house  in  one  day,  and  so  arranged  that  the  liquor  runs  from,  the  dye-becks  into 
them ;  at  a  certain  point  in  the  trough  that  conducts  the  liquor  to  the  vats  is  placed 
a  lead  dstem  with  a  valve  and  perforated  bottom :  this  dstem  holds  a  regulated 
quantity  of  concentrated  sulphuric  add,  and  whenever  a  dve-beck  is  let  off  and  the 
Hquor  flowing  down  the  trough,  a  quantity  of  add,  proportionate  to  the  quantity  of 
madder,  is  allowed  to  run  down  through  the  perforated  bottom  and  mix  with  the  hot 
liquor ;  the  addulated  ^nor  then  runs  into  the  vat,  a  tightly  fitting  cover  on  which 
keeps  the  liquor  hot.  When  the  day's  dydng  is  done,  the  vat  is  1(^  covered  up  all 
night;  next  day  the  lid  is  raised,  and  by  means  of  holes  and  pegs  in  the  side  of  the 
vat»  all  the  dear  liquor  is  drained  away,  the  vat  filled  anew  with  water,  stirred  up, 
and  when  settled,  the  clear  drawn  off  again ;  this  washiug  being  repeated  till  all  the 
add  is  washed  away,  the  garanceux  is  then  run  on  a  filter  to  drain  for  use.  The  ad- 
vantages of  this  plan  are,  first,  the  saving  of  fuel,  by  economising  the  heat  ot  the' 
waste  liquor,  and,  secondly,  the  production  of  one-fourth  more  colouriiu^  matter. 

A  beautiful  modification  of  the  garandn  style  was  patented  by  Mr.  John  lightfbot 
junior  on  Dec.  26, 1867.  So  long  ago  as  1846  Mr.  FhiUppi  of  the  firm  of  Mr.  Benecke 
and  Co.,  of  Rochdale,  patented  a  mewod  of  produdngy  in  addition  to  the  ordinary  blacky 
reds,  (^ocolate,  purple  and  browns  of  madder  work,  several  other  colours  such  as  bluci 
green,  and  yellow,  all  these  colours  bdng  printed  at  once  and  undergoing  the  same 
operations ;  the  blue  was  an  indigo  colour,  the  yellow  a  chromate  of  lead,  and  the 
green  a  compound  of  these  two.  The  patentee  never  got  beyond  the  sta^  of  printing 
a  few  hundred  pieces,  for  the  style,  though  admitting  of  certain  novelties  in  design, 
was  not  warmly  received  by  the  public  on  account  of  the  inferiority  of  the  blues, 
greens,  and  yellows.  The  style  soon  fell  into  disrepute  and  was  almost  forgotten, 
lightfoot  revived  it,  making  several  important  improvements  and  Messrs.  F.  W. 
Grafton  and  Co.  of  Accrington,  in  whose  employment  he  was,  became  the  ultimate 
owners  of,  and  manufacturers  under  the  patents  of  Mr.  Lightfoot.  We  give  here  an 
outline  of  the  process,  using  the  words  of  the  patentee : — 

'  I  m^e  a  preparation  of  indigo,  fdlfilling  the  required  conditions,  by  employing 
much  less  tin,  whether  as  oxide  or  in  the  state  of  salt,  in  the  process  of  dissolving  the 
indigo  than  has  Jiitherto  been  used,  and  also  by  dispensing  with  the  addition  of  a 
salt  df  tin  to  the  predpitated  indigotine,  whether  this  has  been  made  by  the  aid  of 
oxide  or  salt  of  tin,  or,  as  is  sometimes  the  case,  by  the  aid  of  metallic  tin,  because  I 
have  ascertained  that  if  the  tin  is  in  excess  of  a  certain  proportion  to  the  indigo,  oxide 
of  tin  is  left  in  the  fibre  during  the  process  of  fixing  the  indigo  colours  and  the 
mordants,  and  thus  acting  itself  as  a  mordant  becomes  dyed  by  the  dye-stu£^  produ- 
cing with  the  indigo  compound  colours  which  in  the  case  of  blue  are  more  or  less 
purple  and  dull,  and  in  the  case  of  green  are  more  or  less  a  sombre  olive.  This  use 
of  tin  in  excess  has  been  one  of  the  causes  of  the  failures  to  which  I  have  before  al- 
luded. 

*  I  prepare  a  paste  or  pulp  of  indigotine  and  tin  suitable  for  my  improved  process 
by  any  of  the  following  methods : — I  take  of  dry  indigo  in  a  ground  or  powdered  state 
one  and  a  quarter  pounds,  or  when  indigo  pulp  is  used,  using  such  a  quantity  as  to  be 
equal  to  one  and  a  quarter  pounds  of  dry  indigo,  of  protochloride  of  tin  in  crystals  one 
and  a  quarter  poundiBj  and  of  caustic  Bod&  at  thirty  degrees  on  Twaddell's  hydrometer, 
or  of  caustic  potash  at  forty  degrees  on  Twaddell's  hydrometer,  one  gallon.    I  pot 
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thtee  mAterials  id  A  pan  and  raise  ta  boil  in  half  ari  hour,  and  theb  add  one  gallon  of 
boiliug  -water.  I  prefer  now  to  allow  the  mixture  to  become  perfectly  cold,  and  pour 
it  into  three  gallons  of  cold  water,  in  which  I  prefer  to  dissolye  eight  ounces  of  sn^ar 
or  one  ponnd  of  treacle  (though  this  addition  is  not  essential)  I  add  to  this  solution 
two  and  a  half  pints  of  muriatic  acid  at  thirty-two  degrees  of  Twaddell*s  hydrometer, 
or  one  pint  of  sulphuric  acid  of  commerce,  previously  diluted  with  one  nint  of  water, 
and  allowed  to  stand  till  clear,  or  three  quarts  of  acetic  add  at  eignt  degrees  of 
Twaddell's  hydrometer.  The  indigotine  may  also  be  precipitated  by  a  mixture  of 
protochloride  of  tin  solution  at  one  hundred  and  twenty  degrees  of  Twaddell's  hydro* 
meter,  with  any  of  the  acids  named,  using  one  quarter  of  a  pint  of  tin  solution  and 
only  half  the  quantities  of  the  adds  given  above :  this  quantity  of  tin  solution  bdng 
the  maximum  that  I  can  use  when  predpitating  the  indigotine  for  produdng  a  fine 
blue  and  green.  Of  all  these  predpitants  I  prefer  to  use  "  acetic  add  alone."  Instead 
of  using  protochloride  of  tin  crystals  in  making  the  indigo  solution,  protoxida 
of  tin  m^e  by  predpitating  a  solution  of  protosalt  of  tin  with  an  alkali  may  be  used, 
the  predpicate  bdnff  washM  with  water  and  filtered  to  a  thick  paste,  or  anhydrous 
protoxide  of  tin  made  in  any  convenient  way  may  be  employed,  in  all  cases  taking  such 
a  proportion  of  oxide  as  shall  contain  an  amount  of  tin  about  equal  to  but  not  greater 
than  that  in  one  and  a  quarter  pounds  of  crystallised  protochloride.  In  some  cases 
the  mixture  of  one  and  a  quarter  pounds  of  indiffo  and  one  gallon  of  alkali  may  be 
boiled  with  metallic  tin  in  powder  or  granulated,  the  ouantity  of  the  latter  being  such 
that  when  the  boiling  is  finished  and  the  indigo  all  oissolred  there  shall  be  metallic 
tin  undissolved.  In  all  these  cases  I  predpitate  the  indigotine  as  previously  des- 
cribed. I  filter  the  indigotine  predpitate  through  a  deep  conical  filter  so  as  leave  as 
small  a  surface  exposed  to  the  air  as  posdble ;  when  filtered,  the  pulp  should  measure 
one  gallon  or  thereabouts. 

'  To  make  a  blue  colour  for  printing  I  take  four  gallons  of  indigotine  predpitate  and 
fourteen  pounds  of  gnm-Sen^^  in  powder,  stirring  until  dissolved  (other  suitable 
thickening  substances  may  be  used),  after  straining,  the  colour  is  rea^  for  printing. 

'  To  make  a  green  colour  I  take  four  and  a  quarter  gallons  of  indigotine  pulp  and 
eighteen  pounds  of  gnm-Sen^gal  in  powder,  stir  till  dSsolved,  and  add  deven  pounds 
of  nitrate  of  lead  in  nowder,  and  eleven  pounds  of  i^te  acetate  of  lead  in  powder, 
£tir  till  dissolved  and  strain. 

'  Compound  colours  may  be  made  by  mixing  the  blue  and  green  colours  with  each 
other  or  with  the  ordinary  mordants  for  dydng.  With  the  blue  and  green  above 
described  and  the  ordinary  ferruginous  and  aluminous  mordants  I  print  cotton  and 
linen  &brics,  and  after  coolinff  hang  the  pieces  in  a  room  known  to  printers  as  an 
.ageing  room  for  one  night ;  I  t£en  cause  them  to  undergo  what  is  known  as  the  fixing 
operation  by  passing  them  into  a  solution  of  silicate  of  soda  or  dlicate  of  potash  at 
eight  degrees  of  Twaddell*s  hvdrometer,  or  into  a  solution  of  carbonate  of  potash  at 
twelve  degrees  of  Twaddell's  hydrometer,  to  which  about  one  ounce  of  chalk  m  powder 
per  gsdlon  may  be  added,  or  into  a  mixture  of  silicate  of  soda  or  silicate  of  potash  at 
eight  degrees  of  Twaddell's  hydrometer  with  carbonate  of  potash  at  twelve  degrees  of 
Twaddell's  hydrometer.  I  heat  the  bath  at  ninety  degrees  Fahrenhdt  or  thereabouts 
in  a  dstem  fitted  with  rollers  at  the  top  and  bottom,  and  the  passage  of  the  pieces 
may  be  at  the  rate  of  twenty-five  yards  per  minute.  On  leaving  this  the  pieces  must 
be  quickly  winced  in  a  pit  of  cold  water  fitted  with  a  reel  about  four  feet  above  the 
eunace  of  the  water.  By  this  windng  the  indigotine  attached  to  the  fibre  becomes 
again  indigo  blue.  If  green  has  been  printed,  I  next  pass  the  pieces  into  a  solution  of 
bichromate  of  potash  contaiuing  one  ounce  of  bichromate  of  potash  per  gallon  of 
water  at  one  hundred  degrees  Fuirenheit  for  five  minutes :  the  goods  are  then  washed. 
If  only  blue  has  been  printed  along  with  the  mordants  this  process  may  be  omitted.  I  next 
subject  the  pieces  to  the  operation  known  to  calico  printers  as  "  second  dunging,"  and 
which  consists  in  making  Uie  pieces  circulate  in  a  beck  containing  cow-dungand  water 
At  a  temperature  to  about  one  hundred  and  sixty  degrees  Fahrenheit  for  from  fifteen 
to  twenty  minutes.  They  are  then  washed  with  water  and  dyed  with  madder,  muigeet, 
£ower  of  madder,  garandn,  extract  of  madder,  cochineal,  mixtures  of  garandn  with 
sumac  and  bark,  or  with  either  of  them,  after  which  the  ordinary  operations  of  dear- 
icg  the  white  grounds  may  be  performed,  preference  being  given  to  the  chloride  of 
lime  dearing  usually  adopted  with  garsmdn  colours.' 

Another  variety  of  garandn  work  is  that  where  an  orange  is  introduced  along 
with  blade,  red,  and  chocolate,  The  orange  colour  is  made  as  follows : — 8  gallons  of 
pyroligneous  add  at  7  T.,  1  gallon  of  water,  7  lbs.  acetate  <^  lime,  dissolve  and  strain; 
then  boil  with  lOlbs.  of  fiour  and  3  gallons  of  water,  cool  and  add  8  lbs.  <^  muriate  of 
tin  crystals,  dissolved  in  1  gallon  of  water.  The  dyeing  is  with  3  oss.  garandn, 
1^  ozs.  of  sumac,  1^  oz.  of  bark,  1  oz.  of  ground  Persian  berries  per  piece  of  2d  } 
yards.    The  bark  and  berries  are  first  put  in  the  bock  with  the  pieces,  heat  up  to 
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120^  F.  in  half  an  hour,  then  add  the  garancin  and  Bumao,  and  bring  up  to  150^  F« 
take  out,  hot  water,  and  clear  as  usuaL 

Third  Style:  Reserved. 

Maddered  or  garandned  goods  are  often  left  with  white  spots,  as  leares,  &c, 
and  when  dyed  these  spaces  are  filled  with  Tarious  bright  colours,  such  as  green,  blue, 
yellow,  &c.  These  colours  are  the  ordinary  steam  colours  described  hereafter,  and 
are  fixed  in  the  same  manner. 

Another  way  of  combining  madder  or  garancin  colours  with  steam  colours  is  by 
blocking  on  the  dyed  object,  generally  groups  of  flowers,  a  reserve  paste  (No.  39),  and 
when  this  is  dry,  covering  by  machine  in  small  patterns  with  yarious  shades  of  drab, 
oliye,  &c  (Nos.  6,  44,  46,  &c),  which  then  are  dunged  and  dyed  with  querdtron 
bark,  cochineal,  madder  and  bark,  &c  &c  When  the  paste  has  been  applied,  the 
colours  imdemeath,  or  the  white  spots  reserved,  are  unafiected  by  the  covering  colour, 
and  stand  out  dear  surrounded  by  the  covering  colour.  In  the  white  spaces  reserved 
are  now  blocked  steam  colours,  which  are  raised  by  steam  as  described  further  on. 
This  style  admits  of  almost  endless  combinations  of  patterns  as  far  as  regards  the 
*  covering,'  for  any  small  pattern  roller  of  the  *  covering  *  class  can'  be  printed  over 
the  reserved  colours,  and  a  great  variety  of  shades  can  be  produced  by  varying  the 
dydng  of  this  *  cover.* 

Foitrth  Style:  Padded. 

In  this  style  the  white  doth  is  mordanted  all  over  by  padding  in  red  or  iron  liquor, 
or  mixtures  of  them,  and  drying  in  the  padded  flue ;  then  a  pattern  is  printed  on  in  add, 
and  the  usual  dunging  and  dyeing  operations  performed,  the  result  being  a  dyed 
ground  with  a  white  pattern* 

Fig.  385  represents  a  section  of  the  padding  flue  used  in  mordanting  for  this  style. 

885 


It  consists  of  a  long  vanlted  chamber,  about  35  yards  long  by  5  yards,  and  4  yards 
high,  cut  in  two  at  nearly  half  its  len^h,  by  six  small  aidies  bult  in  an  oppodte 
diredion  to  that  of  the  diamber,  the  object  of  which  is  to  preserve  the  prindpal  azch 
from  the  action  of  the  heat,  and  to  hinder  the  dried  meces  from  being  exposed,  on 
coming  to  the  higher  part,  to  moisture  and  adds,  which  are  disengaged  in  great 
abundance  and  might  condense  there,  o  c  is  a  long  ftimace,  the  flue  of  which  forms 
the  bottom  of  the  chamber;  the  top  of  the  flue  is  covered  with  plates  of  cast  iron 
fitting  one  into  another,  and  which  can  be  heated  to  near  red  heat  by  the  flame  of  the 
ftimaoe.  f  is  an  arched  passage  by  whidi  the  interior  of  this  stove  can  be  reached. 
A  A  are  ventilating  holes  m  the  lateral  wall  which  can  be  opened  and  dosed  at  will, 
by  means  of  the  rod  j,  which  is  connected  with  sliding  doors  over  the  apertures, 
kk  are  cast-iron  supports  for  turned  copper  rollers,  which  are  flxed  to  the  cross 
pieces  y  y,  and  serve  to  conduct  the  piece.  H  are  bars  of  iron  which  carry  the  fans 
m  m,  which  are  covered  by  gratings,  and  make  about  300  turns  per  minute. 

In  front  of  this  hot  flue  is  placed  all  the  apparatus  necessary  for  padding  the  pieces, 
and  moving  them  through  the  drying  chambers.  This  movement  is  caused  by  pullies 
B  B.  driven  from  a  prime  mover. 

The  mordant  liquor  being  put  in  the  box  of  the  padding  madiine,  the  pieces  wound 
on  a  beam  and  placed  above  Uie  machine  are  conducted  thirough  tiie  box,  Uien  between 
the  two  lowest  rollers  above  the  box,  firom  them  through  &e  liquor  again,  passing 
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next  through  the  highest  rollers,  and  so  on  into  the  flue,  the  oonrse  bttng  easily 
traced  by  the  arrows ;  on  leaving  the  flue  dry,  they  are  wound  on  a  beam,  or  nlated 
down  on  the  wooden  platform  behind  the  machine.  The  8  rollers  of  the  padding- 
madiine  are  made  of  brass,  and  are  wrapped  with  a  few  folds  of  calico ;  the  iron 
journals  of  them  work  in  slots,  the  lowest  one  being  at  the  bottom  of  the  slot  working 
in  brass  bearings ;  a  weighted  leyer  presses  the  top  roller  in  forcible  contact  with  the 
others.  Another  method  of  padding,  and  one  now  becoming  very  generally  ado^yted, 
is,  to  dispense  with  the  flues  as  above  described,  and,  after  padding,  to  dry  the  pieces 
over  an  ordinary  cylinder  drying-machine,  the  cylinders  <^  which  are  covered  with 
woollen  printing  blanket. 

Padded  goods  after  printing  in  add  are  passed  through  the  ageing-machine,  and 
after  lying  all  night  are  dunked  and  dyed.    A  few  of  these  shades  are  here  given. 

0.  Claret  and  white.  Pad  m  red  liquor,  at  10^  T.,  dry,  cool,  and  pad  again  in  same 
liquor,  dry,  cool,  and  print  in  add  No.  37«  age  three  nights.  Fly-dung  at  boil,  wash, 
second  dun^  at  160^  F.,  i  hour,  wash,  dry,  and  einae,  wash  and  dye  12  pieces  7  it  8  in. 
80  yards  with  18  lbs.  ground  peachwood,  21  lbs.  of  French  madder,  6  lbs.  sumac,  5  lbs. 
prepared  logwood,  run  the  peces  in  the  beck  cold  for  20  minutes,  and  then  bring  to 
a  boil  in  1  hour  and  10  minutes,  boil  15  minutes,  get  out,  rinse  and  wash,  bran  10 
minutes  at  boil  in  a  bedk  with  a  few  pounds  of  bran,  rinse  in  a  pt,  and  bran  again  at 
boil,  wash  and  dry. 

Prepared  logtoood  it  thus  made, — Ground  logwood  is  spread  out  on  a  floor,  damped 
with  water,  and  heaped  up.  It  is  then  turned  over  once  a  day  fSor  a  fortnight  and 
occasionally  wetted,  during  which  time  it  changes  from,  a  dull  red  to  a  bright  scarlet. 
It  is  then  readv  for  use.  Some  change,  probably  ozidataon,  has  taken  place,  and  the 
wood  dyes  farther  after  this  process. 

b.  Scarlet  and  white, — ^Padded  and  dunged  as  for  darets ;  then  10  pieces  dyed  with 
15  lbs.  Frendi  madder,  15  lbs.  Dutch  crop  madder,  7  lbs.  peach  wood,  4  lbs.  sumac 
with  8  quarts  bone  sise :  bring  to  a  boil  in  2^  hour,  and  boil  a  quarter  of  an  hour; 
wash  and  bran,  &c 

c.  Scarlet  and  yellow, — ^Proceed  as  for  scariet  and  white,  but  dye  10  pieces  with 
22^  lbs.  Dutch  crop  madder;  22^  pounds  Frendi  madder;  7^  lbs.  sumac,  wadi,  bran, 
ana  dry;  then  pad  in  red  liquor  at  10°  T.,  age  2  nights,  ^-dung  at  180^  F.,  wash 
and  warm  water  at  120°  10  minutes,  dye  10  pieces  with  20  lbs«  querdtzon  bark,  heat 
to  120°  in  one  hour,  keep  at  120^  15  minutes,  wash  and  dry. 

d,  BuTffuudy  and  wmte. — ^Pad,  &&,  as  for  darets;  dye  10  pieces  with  18  lbs. 
French  madder,  18  lbs.  peachwood,  1^  lb.  logwood,  5  lbs.  sumac,  4  quarts  glue. 
Heat  to  boil  in  If  hour,  boil  {  of  an  hour,  wash  and  bran  at  boil  10  minutwi, 
wash  and  dry. 

e,  Ji^riam  purple  and  toAifo.— Pad,  &c,  as  for  darets ;  dye  10  pieces  with  5  lbs. 
prepared  logwood,  5  lbs.  Dutch  crop  madder,  and  71bs.  peachwood  21bs.  bran,  and 
3  quarts  bone  sise.  Bring  to  boil  in  1}  hours,  boil  i  of  an  hour,  wash  and  loan 
at  150^  5  minutes  with  1  lb.  bran  per  piece ;  wash  and  ory, 

/.  Puce  and  white, — Pad,  &e.  as  for  darets ;  dye  12  pieces  with  8  lbs.  fine  ground 
cochineal,  lib.  ground  galls,  41bs.  prepared  logwood,  SIbs.  peachwood,  heat  to  170^  in 
1  hour,  and  20  minutes,  keep  at  170°  10  minutes,  wash,  bran  at  160°  10  minutes; 
wash  and  dry. 

ff.  Amber  and  white, — ^Pad,  &c.  as  for  clarets ;  dye  10  pieces  with  20  Ibk  querdtron 
bark,  10  lbs.  Dutch  crop  madder,  2  quarts  bone  sise.  ±[eat  to  160°  in  1  noor  and 
15  minutes,  keep  at  160°  15  minutes,  wash,  bran  10  minutes  at  150° ;  wash  and  dry. 

A.  Peach  ana  white, — Pad,  &c.  as  for  clarets ;  dye  10  pieces  with  2  lbs.  ground 
cochineal,  2  lbs.  peachwood,  6  os.  logwood,  heat  to  140°  in  1^  hour,  wash,  bran  at 
140°  10  minutes ;  wash  and  dry. 

t.  Black  and  white, — ^Pad  in  red  liquor  at  20°  T.  once,  print  in  Ka  86,  age  8  ni^ts, 
fly-dung  at  boil,  second  dung  at  140°,  20  minutes,  wash,  diy,  and  singe,  wadi  anodye 
10  pieces  with  60  lbs.  prepued  logwood,  4  gallons  of  bone  sise^  and  6  os.  carbcmate* 
of-soda  crystals,  heat  to  boil  in  1  hour  and  10  minutes ;  wash  well  and  dry. 

k,  Olive,  drabs,  4^,  with  white, — ^A  great  variety  of  shades  may  be  obtained  by 
varying  the  mordants.  For  drabs  pad  in  iron  liquor  diluted  about  10  times  accctding 
to  the  shade  wanted,  and  dye  in  bark,  or  bark  and  logwood.  For  olives,  pad  in 
mixtures  of  red  liquor  and  iron  liquor,  diluted,  and  dye  in  bark,  or  bark  and  logwood. 
The  add  used  may  be  No.  33. 

/.  Bark  dveing. — Dye  10  pieces  with  25  lbs.  bark,  and  3  quarts  bone  sise;  heat  to 
190°  in  1|  hour,  and  keep  at  190^  10  minutes,  wash  and  bran  at  160°  10  minutes, 
wash  and  diy. 

m.  Bark  and  Logwood  rfyeijy.— Dye  1 0  pieces  with  20  lbs.  baric,  and  80  oi.  pr^iaxed 
logwood,  with  3  quarts  bone  size ;  heat  as  in  bark  dyeing. 
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Fifth  SiyU:  Indigo. 

The  indigo  dye-house  is  always  on  the  ground  of  a  building  and  is  fitted  up  with 
a  number  of  stone  yats  let  into  the  groun£  There  are  generally  several  rows  of  these 
vatB,  about  8  feet  apart  They  are  about  8  feet  lon^p  by  4  feet  wide,  and  8  to  10  feet 
deep.  Some  of  them  hare  steam-ppes  inserted,  which  go  to  near  the  bottom,  so  that 
they  can  be  heated  when  necessary.    There  are  about  10  vats  in  a  row. 

A.  Blue  and  whiie.  The  simplest  form  of  blue  s^les  is  blue  and  white ;  dark  blue 
ground  with  white  figures.  The  cloth  is  printiod  in  one  of  the  following  reserve 
pastes : — 

No.  65.  Reserve  paste  for  Block, — 8  lbs.  sulphate  of  copper  dissolved  in  1  gallon 
of  water,  15  lbs.  pipe-day,  heat  up  with  some  of  the  liquor :  1  gallon  of  thick  gum- 
Senegal  solution,  and  1  quart  of  nitrate  of  copper  at  80^  T. 

No.  66.  Beelarve  paste  for  Machine. — 2h  lbs.  sulphate  of  copper,  1  gallon  of  water, 
thickened  with  9  lbs.  fiour,  and  2  pounds  oark  British  gum. 

No.  6^.  Reserve  paste  for  MaoUne. — 5  lbs.  sulphate  of  copper,  2  lbs.  white  acetate 
of  lead,  2  gallons  water,  dissolve  and  thicken  the  dear  with  8  lbs.  fiour  and  2  lbs.  pale 
British  gum :  when  cold,  add  half  a  pint  c^  nitzate  of  copper  at  80^  T.,  to  evezy 
2  gallons  of  colour. 

No  68.  Reserve  poMts  for  Machine, — 4  gallons  boiling  water,  16  lbs.  of  sulphate  of 
copper,  8  lbs.  white  acetate  of  lead,  let  setde  and  pour  off  the  dear  liquor;  thidcen 
8  gallons  of  this  with  8  lbs.  of  flour,  and  4  lbs.  pale  British  gum.  When  boiled,  add 
4  lbs.  sul|diate  of  one,  and  dissolve.  The  foregoing  are  all  to  resist  deep  diades  of 
blue.    For  light  shades  of  blue  dipping,  anv  of  the  following : — 

No.  69.  MUd  paste  for  Bloek,—'25  lbs.  dark  British  gum,  16  quarts  of  water,  boil 
10  minutes  and  add  7i  lbs.  soft  soap;  stir  wdl  in,  and  when  mixed,  add  20  lbs.  sul- 
phate of  zinc,  stir  well  in,  and  add  10  lbs.  pipe^dav  beaten  up  into  71  quarts  of  water, 
and  7i  gills  of  nitmte  of  copper  at  80^  T.    Mix  all  wdl  together. 

No.  70.  Mild  paste  for  Machime,^S  lbs.  dazk  British  gum ;  8}  quarts  water ; 
boil,  and  add  2  lbs.  soft  soap,  cool,  and  add  6  lbs.  sul^diate  of  Bnc  dissolved  in  2  quarts 
of  boiling  water,  and  one  qmirt  of  nitrate  of  copper  at  80^  T. 

After  printing  in  one  of  these  reserves,  hang  in  a  rather  himid  atmosphere  for 
2  days,  and  then  dip  blue. 

Indigo  for  use  in  thedye-house  is  ground  with  water  to  a  fine  pulp :  aseries  of  cast- 
iron  mills  with  curved  l>ottoins,  are  arranged  in  a  line ;  one  or  two  iron  rollers  are 
moved  backwards  and  forwards  on  the  curved  bottom  in  each  mill  by  an  upri^t  rod, 
which  is  furnished  with  a  roller  at  the  bottom,  and  is  connected  with  a  horizontal  rod 
worked  by  an  eiDcentric.  Indigo  and  a  certain  quantity  of  water  are  left  in  these 
mills  several  days,  till  the  pulp  is  perfectly  smooth.  The  method  of  blue  dipping  is 
as  follows : — 

In  a  Une  of  ten  vats,  the  first  one  is  set  with  lime ;  as — 

(No.  1.)  1,000  fi^ons  water,  250  lbs.  of  hydrate  of  lime,  or  lime  slaked  to  a  dry 
powder ;  when  used  it  is  well  raked  up. 

The  indigo  vats  vary  according  to  the  style  of  work;  fior  deep  blue  and  white,  or 
blue  and  vellow,  or  orange,  the  following  is  a  good  one : — 

S^o.  2.)  1,000  gallons  water,  50  lbs.  indigo  previoudy  pulped,  140  lbs.  copperas, 
170  lbs.  lune ;  dissdve  the  copperas  in  the  water,  then  add  the  indigo,  stir  well 
up,  and  add  the  Ihne,  previoudy  nddled,  to  s^arate  small  stones.  Bake  up  every 
two  hours  for  two  days,  and  let  settle  dear.  The  dear  liquor,  when  taken  up  in  a 
glass,  must  have  a  deep  yellow  colour,  be  perfectly  transparent,  and  be  immeoiately 
covered  with  a  pellide  of  regenerated  indigo  when  ezpoeed  to  the  air.  ]^^t  or  nine 
vats  are  all  set  alike. 

The  pieces  to  be  dipped  are  hooked  backwards  and  forwards  on  a  rectangular 
frame  which  just  fits  the  vats,  so  that  the  doth  can  be  immersed,  but  still  not  so  deep 
as  to  touch  the  sediment  of  the  vats.  The  process  is  thus  performed : — ^The  lime-vat 
No  1  being  stirred  up,  the  fiame  which  contains  two  pieces,  is  lowered  down  into  it, 
so  as  to  oompletdjr  immerse  the  pieces ;  a  gentle  up-and-down  movement  is  given  by 
hand.  The  oame  is  allowed  to  stay  10  minutes  in,  is  then  lifted  out  and  supported 
over  the  vat  by  rods  put  across.  After  draining  here  a  tesw  minutes,  it  is  then 
rrau>ved  and  immersed  in  vat  No.  2,  or  the  first  indigo  vat.  It  stays  here  seven 
minutes,  is  lifted  out,  and  drained  as  before  over  the  vat  8  minutes,  then  ^removed 
to  No.  8  vat,  and  so  on  till  it  has  gone  through  the  whole  series,  or  till  the  shade  of 
blue  is  considered  strong  enough.  After  the  last  dip  the  pieces  are  unhooked  and 
winced  in  apit  of  water,  then  winced  about  10  minutes  in  a  pit  containing  sulphuric 
acid  at  6^  T.,  washed  well  in  the  wheel,  squeezed,  and  dried.  In  large  dye-houses 
there  is  an  arxangemeut  for  collectin£|  all  the  waste  indigo  which  is  washed  off  the 
pieces,  by  running  all  the  water  used  into  a  vaulted  chamber  under  the  dye-house,. 
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where  it  passes  £rom  one  oompartment  to  Another,  gradually  depontiBg  the  mupended 
indigo,  wnich  is  periodically  removed. 

In  heavy  bodies  of  colour,  the  paste  sometimes  slips  or  the  shapes  become  irregular ; 
this  is  counteracted  by  using  the  first  indigo  vat  raked  up  instead  of  clear.  The  vats 
ure  used  till  nearly  exhausted,  and  then  the  clear  liquor  pumped  off  to  be  used  instead 
of  water  for  setting  fresh  vats  with. 

B.  Blue  and  Ydlow,  or  Oran^tf.— Print  in  one  of  the  reserve  pastet,  and  yellow  or 
orange  colour  made  as  fbllows : — 

No.  71.  Chrome-yelhw  for  Machine, — 2  gallons  water,  20  lbs.  sulphate  of  copper, 
20  lbs.  nitrate  of  lead ;  ddssolve,  and  beat  up  with  12  lbs.  flour,  and  2  gallons  sulphate- 
of-lead  bottoms ;  boil  all  together. 

The  sulphate  of  lead  here  is  the  bye-product  in  making  red  mocdant  No.  8,  and  is 
drained  to  a  thick  paste. 

No.  72.  Orange,— 'JAake  a  standard  liquor  by  dissolving  24  lbs.  white  acetate  of 
lead  in  6  gallons  water,  and  stirring  12  lbs.  litharge  in  it  till  perfectly  white,  then  let 
settle,  and  use  the  clear. 

For  the  orange  colour  take  2  gallons  of  this  standard  liquor,  instead  of  the  gallons 
of  water  in  the  above  yellow  colour. 

Follow  the  same  routine  in  dinning,  &c.,  as  for  blue  and  white.  After  winoinc 
in  sulphuric-acid  sours,  wash  well,  and  wince  10  minutes  in  biehxomate-of-pota^ 
solution,  2  08.  per  gallon  at  100^  F.  Wash  well,  and  wince  in  dilute  muriatic  add  at 
\^  T.,  containing  1  os.  oxalic  add  per  gidlon,  till  the  yellow  is  quite  bright.  The 
small  quantity  St  chromic  add  set  free  oxidises  and  destroys  the  indigo  that  may  be 
attached  to  the  yellow  colour.    After  this  souring,  wash  and  dry. 

If  orange  was  printed  instead  of  yellow,  treat  as  for  yellow;  and  after  the  mnrio- 
oxalic  sour,  wash,  and  raise  orange  in  the  following : — 10  lbs.  bichromate  of  potash, 
300  gallons  water,  and  3^  lbs.  of  Hme  previously  slaked  to  a  thin  paste,  heat  to  180^ 
F.,  and  wince  the  pieces  in  till  the  orange  is  full  and  bright;  then  take  out  and  wash 
well,  and  dry. 

Other  varieties  of  blue  dyeing  aie:«— 

c.  Two  blues. 

D.  Two  blues  and  white. 

B.  Two  blues,  white,  and  yellow  or  orange. 

F.  Bark  blue  and  green. 

0.  Two  blues  and  yellow. 

For  0  and  n  a  pale  hade  of  blue  is  first  given  to  the  elatfa«  The  li^t  bhie  vat  is 
thus  composed: — 

No.  3.  (Light  Blue  Vat,)  1,000  gallons  water,  40  lbs.  indigo,  70  lbs.  ot^iperas,  80  Ibt. 
lime.  For  c.  Dip  light  blue  by  three  immersions,  draining  ^well  between ;  unhook, 
wince  in  water,  then  in  sulphuric  sours  at  2^  T. ;  wash,  sneeze,  and  dry ;  then  print 
on  a  reserve  naste,  and  proceed  as  for  dark  blue  and  white ;  when  finished,  the  pale 
blue  having  been  protected  by  the  reserve,  has  remained  unaltered,  all  the  rest  being 
dark  blue. 

For  F.  Instead  of  reserve  paste,  print  on  yellow  No.  71t  &nd  dip  dark  blue,  sour 
and  raise  the  yellow  with  bichromate  of  potash,  omit  the  souring  after  chroming,  and 
wash  and  dry.    The  yellOw  falling  on  the  pale  blue,  makes  a  green. 

For  D.  On  white  doth  print  an  object  in  muriate  of  manganese,  thickened  with 
dark  British  gum,  raise  this  as  descnbed  under  the  head  Broneest  dry  and  blodc  in 
a  reserve  paste  No.  65,  then  lime  and  dip  in  the  dark  blue  vat,  letting  stay  in  half  an 
hour,  remove,  oxidise  in  the  air,  wash  and  sour  with  dilute  muriatic  add  to  which 
some  muriate-of-tin  liquor  has  been  added,  wash  and  dry ;  where  the  peroxide  of 
manganese  had  been  is  now  dark  blue,  the  ground  pale  blue  with  white  object 

For  B.  Print  as  n,  with  yellow  or  orange  in  addition,  and  after  the  sulphuric 
sours,  raise  yellow  or  orange  as  before. 

Dip  light  blue;  print  reserve  paste  and  yellow;  dip  dark  blue;  wince;  sour  in 
sulphuric  sours  at  6^  T. ;  wince  m  water;  chrome  at  140°  F.  10  minutes  at  2  oc 
bichromate  per  gallon ;  wince,  wash,  and  sour  in  the  following : — 7  lbs.  oxalic  add, 
3  lbs.  strong  sulphuric  add;  dissolve  in  water  to  stand  8^  T. ;  wince  till  the  yellow 
is  bright ;  then  wash  and  dry. 

A  style  formerly  ver^  mudi  in  vogue,  but  now  scarcely  ever  used,  is  the  neutral  or 
lazulite  style.  It  condsts  in  combining  mordants  with  reserves,  and  dipping  blue ; 
the  colours  throw  off  the  blue,  and  are  subsequently  dyed  with  madder. 

Neutrals  are  of  two  sorts : — 

1.  Where  reds  and  chocolate,  or  black,  with  resist  white  are  printed,  and  dipped 
light  blue,  the  resist  white  being  only  required  to  redst  the  blue. 

2.  Where  the  yr^^  is  required  tQ  cut  through  the  bh^  redf  or  chocolate  in  irfd|ti<m 
tp  the  blqo. 
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The  fbUoiviDff  are  examples  of  lazulite  coloon  for  the  first  variety  :— 

No.  73.  Black  (Machine), — 4  quarts  logwood  liquor  at  12^  T.,  1  quart  gall  liquor 
at  9*^  T.»  1  quart  red  liquor  at  20^  T.,  1  quart  iron  liquor  at  24^  T.,  1  quart  aceUcadd, 
thicken  with  3 lbs.  flour,  and  8oz.  starch;  when  lx)iled  add  1  pint  Gallipoli  oil, 
and  1  pint  turpentine. 

No.  74.  Chocolaie  (Machine), — 5  quarts  red  liquor  at  12^  T.,  1  quart  iron  liquor 
at  24^  T.,  1|  lb.  sulphate  of  copper,  24  os.  measure  of  nitrate  of  copper  at  100®  T., 
thicken  with  2i  lbs.  flour,  and  i  lb.  dark  British  gum. 

No.  75.  Chocolate  (Block),— 6  quarts  red  liquor  12<^  T.,  1  quart  iron  liquor  24°  T., 
2^  lbs.  sulphate  of  copper,  86  oe.  measure  nitrate  of  copper  at  100^^  T.,  9  lbs.  pipe- 
clay  beat  up  well,  and  add  8  quarts  of  gum-Senegal  solution  at  5  lbs.  per  gallon. 

No.  76.  bark  reeiet  Red  (Blocky—^  quarts  red  liquor  22^  T.,  df  oz.  white  aoeUte 
of  lead,  4j  oz.  sulphate  of  copper,  dissolve,  and  beat  up  in  6}  lbs.  pipe-claj.  Thicken 
separately  2  quarts  red  liquor  at  12*^  T.,  with  12  os.  flour,  and  add  when  boiling  hot 
8  OS.  of  soft  soap  melted ;  mix  well,  add  the  pipe-clay  mixture  to  this,  and  then  2 
quarts  red  liquor  at  2^  T.,  thickened  by  dissolving  gum-Senegal  in  it.  Stir  the  whole 
well  together. 

No.  77.  Dark  reeiet  Bed  (Machine),— 20  quarts  nitrate  of  sine  at  36  B.,  10  quarts 
water  coloured  with  a  little  peachwood,  12^  lbs.  alum,  10  lbs.  acetate  of  lead ;  dissolve 
nil  together  with  heat,  stir  till  cool,  thicken  all  together  with  8  lbs.  flour,  and  1^  lb. 
dark  British  gum. 

No.  78.  Any  shade  of  pale  red  is  made  for  block  by  substituting  the  red  liquor  in 
colour  No.  76  by  the  merdant  No.  8,  reduced  with  water,  according  to  the  shade 
wanted. 

No.  79.  Any  shade  of  pale  red  for  machine  is  made  by  reducing  the  quantities  of 
alum  and  aeetate  of  lead  m  colour  No.  77. 

The  white  reserve  for  this  variety  of  neutrals  is  either  of  the  mild  pastes. 

Na  80.  Beeist  Brown, — 2  gallons  water,  24  lbs.  catechu,  6  lbs.  sal-ammoniac,  1 
gallon  acetic  add ;  boil  15  minutes,  and  add  7i  gallons  gum-solution,  5  quarts  nitrate 
of  copper  at  100°  T. 

Pnieee, — The  colours  after  printing  are  aged  8  days,  then  dipped  light  blue  in 
the  following  blue  vat : — 

(No.  4.)  Neutral  vat,— 1,000  gallons  water,  120  lbs.  indigo,  135  lbs.  copperas,  150 
lbs.  lime ;  rake  up  for  two  days,  and  let  settle. 

A  firame  with  rollers  top  and  bottom  is  lowered  into  this,  and  the  pieces  are  run 
through ;  after  leaving  the  vat,  they  are  made  to  travel  over  rollers  in  the  air  for  a 
sufKdent  distance  to  turn  them  blue ;  then  into  a  pt  of  water,  from  that  into  a  beck 
with  cow-dung  and  water,  at  160°  F.,  where  they  run  15  minutes,  then  washed  and 
dyed  madder  or  garandn,  &c  &c 

In  the  second  variety  of  neutrals,  the  white  is  required  to  resist  both  mordants  and 
blue,  and  is  made  thus : — 

No.  81.  Neutral  White  for  Blocke,—1  quarts  lime  juice  at  80°  T.,  1  quart  water, 
4^  lbs.  sulphate  of  copper,  24  lbs.  pipe-day,  Z\  quarts  lime  juice  at  30°  T.,  previously 
tmckened  with  gum-SenegaL 

No.  82.  Neutral  White  for  Machine,— I  gallon  lime  juice  at  A2^  T.,  2  lbs.  sulphate 
of  copper,  82  oa.  measure  nitrate  of  copper  at  100°  T.,  thickened  with  1|  lb.  stuch. 

The  black  is  the  ordinary  madder  or  garandn  black,  Nos.  4  and  5  process. 

The  neutral  white  is  flrst  printed  dther  by  block  or  machine ;  if  the  latter,  it  cannot 
be  in  a  pattern  which  should  register  accurately  with  the  subsequent  colours,  as  it 
must  be  dried  perfectly  before  the  other  colours  are  printed,  to  avoid  obtaining 
irregular  shapes ;  the  above  reserve  colours  are  then  printed  over  the  neutral  white. 
Mild  paste  Nos.  69,  70  may  also  be  printed  along  with  the  other  colours,  to  reserve  a 
white  under  the  blue  only.  The  subsequent  process  is  the  same  as  for  the  first 
variety. 

After  dydng  madder  and  garandn,  and  dearing  with  soap,  &c.,  steam  or  spirit 
colours  are  generally  blocked  in.  Parts  of  the  yellow  being  made  to  £&11  over  the  blue 
form  green. 

Sixth  Style:  China  Blues. 

China  hluee,  so  called  from  the  shade  of  blue  resembling  that  on  porcelain.  In  thia 
stylo  indigo  is  printed  on,  and  made  to  penetrate  and  fix  in  the  cloth  by  the  subse- 
quent process.  " 

The  cdoar  is  made  thus : — 

No.  88.  Standard  China  Blue, — ^In  an  indigo  mill  are  put  45  lbs.  indigo,  9  gallons 
iron  liquor  at  24°  T.,  and  18  lbs.  copperas,  the  whole  ground  till  quite  fine;  then  add 
7jt  gallons  gum-Senepl  solution  at  6  lbs.  per  gallon ;  grind  an  hour  longer,  take  out 
and  wash  t£e  mill  with  6  quarts  hot  water,  and  add  to  the  above. 
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No.  84.  China  blue  ^^^Gnm-Senegal  solutioti  at  3  lbs.  per  gaUon,  oontainiog 
4  oz.  copporas  per  salloz:. 

Colonis  are  maoe  bj  reducing  the  standard  blue  with  the  gum,  according  to  the 
pattern  and  strength  required.    For  instance,  for  two  blues  of  medium  shades : — 

Ko.  85.  Strona  Blue, — 1  Tolume  standard,  2  volumes  gum. 

No.  86.  Pale  Blue, — 1  Tolume  standard,  10  volumes  gum. 

After  printing,  age  one  night,  and  raise  as  follows : — ^Two  vats  similar  to  indigo 
vats  are  set.  No.  1.  1,000  gallons  water,  500  lbs.  slaked  and  di^  lime. — No.  2.  So- 
lution of  copperas  at  5^  T.  In  each  vat  is  lowered  a  frame,  which  is  provided  with 
rollers  at  top  and  bottom,  and  in  addition,  has  a  pair  of  bushes  at  each  side  of  the 
frame,  just  above  the  surfoce  of  the  liquor,  in  which  are  put  beams,  on  which  the 
pieces  are  wound  alternately;  the  bearings  of  the  beams  being  just  above  the 
surface  of  the  liquor,  allow  the  roll  of  pieces  to  be  always  half  in  and  half  out  of  the 
liijuor.  The  course  of  proceeding  is  tnis : — ^A  beam  containing  two  or  three  pieces 
stitched  end  to  end  is  placed  on  a  small  frame  at  one  side  of  vat  No.  1,  and  by  means 
of  a  cord  previously  wreaded  through  the  rollers  in  the  vat,  the  pieces  are  slowly 
wound  through  the  vat  and  on  to  a  beam  placed  in  the  bearings  at  the  opposite  side 
of  the  vat,  by  means  dT  a  windi  handle  fitted  on  this  beam ;  when  the  peces  have 
thus  passed  through  vat  No.  1,  which  is  kept  in  a  milky  state  all  the  time,  the  beam 
is  lifted  out  and  transferred  to  one  of  the  pair  of  beaoings  in  vat  No.  2 ;  the  pieces 
are  wound  through  this  vat  in  the  same  manner;  after  this  vat,  they  are  removed  to 
No.  1  vat,  and  wo^ed  through ;  this  alternate  limeing  and  copperasinp  is  continued 
till  the  peces  have  been  4  times  through  each  vat;  then  detach  and  wince  in  water ; 
then  put  into  sulphuric  sours  at  10^  T.,  immersing  completely  in  the  liquor  till  the 
whites  appear  qmte  dear;  then  wash  well,  soap  in  a  beck  at  120^  F.  a  quarter  of  an 
hour  witn  ^  lb.  soap  per  piece ;  wash  again  and  sour  in  sulphuric  sours  at  1^  T.  at 
110^  F. ;  wash  well  and  di^. 

The  various  phenomena  which  occur  in  the  dippng  of  China  blues  are  not  difficult 
of  explanation  with  the  lights  of  modem  chenustry.  We  have,  on  the  one  hand, 
indigo  and  sulphate  of  iron  alternately  applied  to  the  cloth ;  by  dipping  it  into  the 
lime,  the  blue  is  deoxidised,  because  a  film  of  the  sulphate  ik  iron  is  decomposed,  and 
protcaide  of  iron  comes  forth  to  seize  the  oxygen  of  the  indigo,  to  make  it  yellow- 
green,  and  soluble  at  the  same  time  in  lime-water.  Then,  it  penetrates  into  the  heart 
of  the  fibres,  and,  on  exposure  to  air,  absorbs  oxygen,  so  as  to  become  insoluble 
and  fixed  within  their  pores.  On  dipping  the  calico  into  the  second  vat  of  sulphate 
of  iron,  a  layer  of  oxide  is  formed  upon  its  whole  surfiice,  which  oxide  exercises  an 
action  only  upon  those  parts  that  are  covered  with  indigo,  and  deoxidises  a  portion  of 
it ;  thus  renaering  a  second  dose  soluble  by  the  intervention  of  the  second  cup  in  the 
lime-bath.  Hence  we  see  that  while  these  alternate  transitions  go  on,  toe  same 
series  of  deoxidisement,  solution,  and  re-oxidisement  recurs :  causing  a  progresrively 
increasing  fixation  of  indigo  within  the  fibres  of  the  cotton. 

Other  indigo  styles  are  diiq[>ed  greens,  blue  with  white  discharge. 

Dipped  G^ena, — ^There  are  4  vats  similar  to  indigo  vats  in  a  row,  set  with — 

first :  (No.  5.)  Lipht  blue  Vat  for  Greene,—!  fiOO  gallons  water,  25  lbs.  indigo,  45  lbs. 
copperas,  65  lbs.  lime,  dry  slaked,  17  lbs.  caustic  soda,  24°  T. ;  raked  up  2  days, 
ana  settled  dear. 

Second:  (No.  6.)  Yellow  Vaifor  Greene, — 1,000  gallons  water,  250  lbs.  brown  acetate 
of  lead,  130  lbs.  myslaked  lime;  rake  up  till  dissolved,  and  let  settle  clear. 

Third :  (No.  7.)  KUed  with  water  only. 

Fourth :  (No.  8.)  Set  with  biduomate  of  potash  at  4°  T. 

Eadi  of  these  vats  is  mounted  with  a  fhune  with  rollers  top  and  bottom;  the 
pieces  to  be  dipped  are  stretched  end  to  end,  and  a  length  of  cord  being  threaded 
through  all  the  vats  and  fastened  to  a  drawing  roller  at  the  end  oi  the  fourth,  the  pieces 
are  drawn  slowly  through  between  the  first  and  second;  the  doth  is  made  to  tiavd 
several  yards  so  as  to  ensure  oxidation  of  the  indigo  before  going  into  the  lead  vat ; 
after  leaving  the  fourth,  they  are  detached,  winced,  and  washed  well. 

For  dipp^  greens,  either  white  doth  is  printed  in  patterns,  as  spots,  &c.,  with  mild 
paste,  Nos.  69,  70 ;  or  a  pattern  previously  printed  in  madder  colours  and  dyed,  &c. 
IS  covered  up  with  mild  paste  by  block ;  the  doth  being  now  dipped  green,  the  pattern 
or  spots  are  reserved  or  untouched  by  the  green :  a  very  good  efifect  is  produced'  by 
dipping  the  Burgundy  and  acid  No.  4,  green,  when  the  Burgundy  part;  comes  out 
a  beauUfol  chocolate,  and  the  white  part  green. 

And  Diecharge  on  Blue, — A  blue  and  wintd  style,  but  which  permits  the  most  deli- 
cate pattern  to  oe  printed,  which  is  not  the  case  with  the  ordinary  blue  and  white 
style.  The  doth  is  first  dipped  a  medium  shade  of  blue,  washed  and  dried,  then 
padded  in  bichromate  of  potash  at  6°  T.  and  carefully  dried  in  the  shade,  without 
artifldal  heat,  and  printed  in  the  following  cdour :—  ~ 
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No.  87.  White  Diacharge  for  Blues, — 1  gallon  water,  thicken  with  2  lbs.  flour, 
and  2  lbs.  dark  British  gum ;  when  partly  cooled,  add  2  lbs.  oxalic  add,  and  when 
quite  cold,  7^  oz.  measure  sulphuric  acid.  A  few  seconds  after  the  colour  is  printed 
on  the  padded  cloth  the  blue  is  discharged,  and  a  dirty  white  left  in  the  printed 
parts ;  after  printing,  the  pieces  are  dried  so  as  to  leave  them  slightly  damp,  and  im- 
mediately winced  in  ch&lk  and  water,  then  winced  in  sulphuric  sours  at  2^  T.,  winced 
and  well  washed ;  the  printed  pattern  is  now  a  pure  white,  and  if  care  has  been 
taken  not  to  dbcr  the  bic^mate  too  hard,  and  not  expose  it  to  sunlight,  the  blue  id 
bright  and  good. 

This  ingenious  process  was  the  invention  of  Mr.  John  Mercer.  At  the  moment  the 
block  appUes  the  preceding  discharge  to  the  bichromate  dye,  there  is  a  sudden  de- 
coloration, and  a  production  of  a  peodiar  odour. 

The  pieces  padded  with  the  bichromate  must  be  dried  at  a  moderate  temperature, 
and  in  tne  shade.  Whenever  watery  solutions  of  chromate  of  potash  and  tartaric  acid 
are  mixed  an  eflfervescence  takes  place,  during  which  the  mixture  possesses  the  power 
of  destroying  vegetable  colours.  This  property  lasts  no  longer  than  the  effervescence. 
In  the  *  Moniteur  Scientifique '  of  Br.  Quesneville  for  July  1878  are  described  some 
new  processes,  invented  by  P.  Schutzenberger  and  F.  Lalande  for  the  fixation  of 
indigo  upon  cloth.  The  active  agent  for  the  reduction  of  the  indigo  is  the  hydro- 
sulphite  of  soda,  discovered  by  the  former,  and  which  is  made  as  follows : — *  Bisulphite 
of  soda,  standing  at  30°  to  35°  Baum^  is  brought  in  contact  in  a  covered  vessel  with 
twisted  sheet  zinc,  or  granulated  zinc,  filling  up  to  the  top  of  the  vessel  without 
occupying  more  than  one-fourth  of  its  real  volume.  After  the  lapse  of  about  one  hour,  the 
^uid  is  poured  into  an  excess  of  milk  of  lime,  which  precipitates  the  salts  of  zinc 
The  dear  liquid  is  drawn  off  either  by  filtration  and  pressure,  or  by  decantation  after 
the  addition  of  water.  Air  should  be  excluded  as  much  as  possible.  By  mixing  the 
hydro-sulphite  thus  obtained  with  ^und  indigo,  and  the  amounts  of  lime  or  soda 
necMsary  to  dissolve  the  reduced  indigo,  we  obtain  at  once  a  yellowish  liquid  con- 
taining no  insoluble  matter  except  the  earthy  impurities  of  the  indigo.'  One  pound 
of  indigo  may  be  thus  reduced,  so  as  to  form  a  solution  not  exceeding  4  to  6  quarts  in 
volume.  This  solution  is  diluted  with  water  to  form  a  blue  vat  or  an  Alkaline 
solution  of  the  reduced  indigo,  containing  a  larae  excess  of  hydro-sulphite  of  soda,  ii 
suitably  thickened  and  jnrinted  by  a  copper  roller  in  the  ordinary  printing-madiine. 
The  oxidation  during  printing  is  so  slight  that  after  an  hour's  worx,  the  remnant  of 
the  colour  is  still  yelbw  and  soluble.  The  entire  colour  is  utilised,  50  to  60  per  cent 
less  indigo  being  consumed  with  the  new  pipcess  than  with  the  old.  The  shades 
obtained  are  more  beautiful  and  fast,  and  the  impression  is  better  defined.  This  new 
indigo  blue,  requiring  no  subsequent  fixing  process,  can  be  printed  along  with  a  great 
number  of  other  colours,  such  as  aniline  black,  madder  colours  either  for  dyeing  or 
as  extracts,  catechu  shades,  Ghiignet's  green  and  other  colours  fixed  with  albtmien. 
Specimens  of  some  of  these  colours  printed  along  with  the  new  blue,  are  given  in  the 
*  Moniteur,'  and  the  new  process  would  appear  ^m  these  to  be  successful. 

Swenth  8ti^:  Discharge  on  Turkey-Red  Ground, 

Ko.  88.  White  Discharge  (Machine), — 8  lbs.  light  British  gum,  1  gallon  tartaric-adid 
licraor  62°  T.,  1  gallon  acetic  acid  6°  T. 

No.  89.  White  Discharge  {Block). — ^Tho  above  colour  a  little  thinner. 

No.  90.  Black  for  Turkey  Red, — 7  gallons  logwood  liquor  at  8°  T.,  1  gallon  pyro- 
ligneous  add,  10  lbs.  starch;  boil  and  add  2  lbs.  10  oz.  copperas;  boil  again  and 
cool,  then  add  3^  pints  pemitrate  of  iron  at  80°  T.,  and  1  gallon  of  blue  paste. 

No.  91.  Blue  Bute, — (a)  6  lbs.  copperas,  2  quarts  water;  dissolve:  {b)  4  lbs. 
prussiate  of  potash,  1  gallon  of  water ;  dissolve.  Mix  a  and  b  together,  and  add 
1  quart  standard  red  liquor  No.  8,  1  quart  nitric  add  60°  T. 

No.  92.  Yellow  Discharae  (Block), — 1  gallon  lime  juice  at  50°  T.,  4  lbs.  tartaric 
add,  4  lbs.  nitrate  of  lead;  dissolve,  thidcen  with  6  lbs.  pipe-day,  and  3  lbs.  gum- 


No.  93.  Yellow  Discharge  (Machine), — Thidcen  the  above  with  1^  lb.  starch,  instead 
of  the  pipe-dav  and  gum. 

No.  94.  Yellow  Discharge  (^Machine),—!  gallon  lime  juice  at  40®  T.,  4^  lbs.  tartaric 
add,  5  lbs.  white  acetate  of  lead,  1§  lb.  starch ;  boil  and  cool,  then  add  1  lb.  14  oz. 
nitric  add  at  60° 

No.  95.  Blue  Discharge  (Machine), — (a)  1  lb.  Prussian  blue,  1  lb.  oxalic  add,  1  quart 
hot  water ;  grind  well  together,  and  leave  to  react  on  each  other  24  hours ;  then  (b) 
8  quarts  of  water,  1^  lb.  starch ;  boil,  and  add  2  lbs.  tartaric  add,  and  mix  a  and  b 
together. 

No.  96.  Green  Discharge  (Machiney^H  gallon  No.  96  blue,  1  gallon  No.  94  yellow. 
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Process :— Print  in  any  of  the  above  colours,  and  as  soon  as  dry  from  the  machine, 
put  through  the  decolouring  yat 

(No.  9.)  JkooHouring  Vat, — 1,000  gallons  of  water,  1,000  lbs.  chloride  of  lime ;  xake 
well  up,  till  quite  smooth  and  free  from  lumps,  then  immerse  t  frame  with  rollers  top 
and  bottom,  as  in  dipping  greens,  &c ;  keep  the  Tatstirred  up  so  as  to  be  milky,  and 
run  the  pieces  through  at  the  rate  of  1  piece  of  28  yards  in  3  minutes ;  on  leaving  the 
squeezing  rollers,  conduct  into  water  and  rinse,  then  wince  10  minutes  in  bichromate 
of  potash  at  4°  T. ;  wash  and  wince  in  yeiy  dilute  muriatic  add ;  wash  well  and  dry. 

In  this  style,  such  is  the  permanence  of  the  Turkey-red  dye,  that  it  is  not  mudi 
altered  by  passing  through  chloride  of  lime,  whilst  in  the  parts  printed  in  the  discharge 
colours  an  instantaneous  disengagement  of  dilorine  takes  place,  which  decolorises 
the  dyed  ground,  and  where  a  mineral  colour  or  mordant  formed  part  of  the  discharge, 
it  is  left  in  place  of  the  red  dye.  This  style  was  invented  in  181 1  by  M«  D.  Koechlin, 
and  patented  in  England  by  Ifr.  James  Thompson,  of  Primrose,  who  printed  immense 
quantities  of  it. 

The  Bandanna  printing,  bdng  a  business  of  itself,  is  more  fitly  described  in  another 
place.    (See  Baivdanna.) 

EigMh  Style:  Steam  Colours, 

The  printing  of  steam  colours  may  be  considered  as  a  mode  of  dyeing  at  one  oper- 
ation, for  in  most  cases  one  or  more  mordants  are  mixed  with  dye-wood  decoctions, 
and  printed  on  the  doth,  the  subsequent  steaming  causing  the  mordant  to  combine 
with  the  colouring  matter,  and  both  with  the  doth.  Steam  colours  in  some  cases  are 
made  so  as  to  prt^uce  a  fair  colour  when  printed  on  ordinary  white  calico :  but*  mudi 
supcnrior  colours  are  produced  by  mordanting  the  doth  first,  so  as  to  fix  peroxide  of 
tin  in  the  fibre ;  and  as  this  is  the  almost  universal  rule,  it  is  this  sort  of  steam 
printing  alone  that  will  be  described.  Woollen  fabrics,  indeed,  require  a  good  pre- 
paration by  tin,  &o.  before  livdy  and  substantial  colours  can  be  fixed  on  them  by 
steam. 

The  following  is  the  mode  of  preparing  calicoes  for  steam  colours : — 

Pad  the  pieces  stitched  together,  in  a  padding  madiine  with  wooden  bowls,  through 
a  solution  of  stannate  of  soda  at  10^  T.  twice  over,  letting  them  lie  wet  an  hour 
between;  immediately  after  padding  the  second  time,  run  through  a  dstem  with 
rollers,  containing  dilute  sulphuric  add  at  1^^  to  3^  T.,  thence  into  a  pit  of  water, 
wince  well,  and  run  through  a  washing-machine.  It  has  been  observed  by  Mr.  James 
Ghadwidc,  that  if  the  doth,  with  oxide  of  tin  newly  perdpitated  on  it,  is  subjected 
to  any  severe  washing,  it  loses  a  considerable  quantity  of  oxide,  so  that  no  more 
washing  must  be  given  at  this  stage  than  will  remove  the  free  sulphuric  add.  It 
appears  that  the  doth,  once  dried  with  the  oxide  in  it,  does  not  part  with  the  oxide 
again  by  severe  washing.  After  washing,  the  pieces  are  unstitched,  and  put  into  the 
hjrdro-extiactor,  then  dbned  gently  over  the  steam  cylinders,  and  are  then  ready  for 
printing. 

The  following  list  of  steam  colours  comprises  the  usual  variety  of  shades  printed  on 
calico: — 

No.  97.  Steam  Black  (Machine),^!  gallon  logwood  liquor  at  12^  T.,  1  quart  gall 
liquor  at  9®  T.,  1  quart  mordant,  2  lbs.  flour,  6  oz.  rtarch  ;  boil  ton  minutes,  and  add 
^  pint  nitrate  of  iron, 

Steam  Black  Mordant. — 1  quart  acetic  add,  1|  quart  acetate  of  copper  at  3^  T., 
1^  quart  iron  liquor  at  24°  T.,  1  quart  red  liquor  at  20^  T. 

No.  98.  Chocolate  {Machine), — 8  gallons  logwood  liquor  at  12®  T.,  2  gallons  Sapan 
liquor  at  12®  T.,  1  gallon  nitrate  of  alumina, }  gallon  bark  liquor  at  12®  T.,  4  gallons 
water,  17  lbs.  starch ;  boil,  and  add  8  oe.  dilorate  of  potash,  2\  lbs.  red  pmssiate. 

No.  99.  Ikark  Blue  {Machine), — 7  gallons  water,  14  lbs.  starch,  2}  lbs.  sal-ammo- 
niac; boil,  and  add  whilst  hot  12  lbs.  yellow  pmssiate  of  potash  in  powder,  6  lbs.  red 
prussiate  of  potash,  6  lbs.  tartaric  add,  and  when  nearly  cold,  1  lb.  sulphuric  add 
(spedfic  gravity,  1*86),  1  lb.  oxalic  add  dissolved  in  2  quarts  hot  water,  and  6  gallons 
prusdate-of-tin  pulp. 

No.  100.  Dark  Blue, — 8  quarts  water,  4  lbs.  yellow  prussiate  of  potash,  3  lbs.  pale 
British  gum ;  boil,  and  add  1  lb.  bisulphate  of  potash,  2  lbs.  muriate  of  ammonia,  8  os. 
alum,  4  OS.  oxalic  add,  4  oe.  sulphuric  add  at  170®  T.,  4  quarts  tin  pulp  No.  103. 

No.  101.  Cinnamon. — 1  quart  cochineal  liquor  at  8®  T.,  1  quart  logwood  liquor  at 
8®  T.,  1  quart  berry  liquor  at  10®  T.,  6  oz.  alum,  4  ok.  cream  of  tartar,  8  oe.  starrh ; 
boil,  and  whilst  warm  add  3  oz.  muriate  of-tin-ciyBtals. 

No.  102.  Orange,-— 12  lbs.  annatto,  1  gallon  caustic  soda  at  70®  T.,  6  gallons  water; 
boil  20  minutes,  strain,  and  add  3  quarts  red  mordant  No.  198,  6  lbs.  alum ;  heat  till 
dear,  and  add  4  gallons  thick  gum-substituto  water. 

No.  103.  7I»  Pulp, — To  protochloride-of-tin  solution  add  as  much  yellow  pmssiate 
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of  potash  in  solution  as  irill  predjntate  all  the  tin  as  fenoprnssiate ;  this  is  lirashed  by 
decantation,  and  filtered  to  a  stiff  paste. 

No.  104.  Ught  Muefor  Machine,^!  gallon  dark  blue  Ko.  99, 8  gallons  4-lb.  gum- 
Bubstitate  water. 

No.  105.  Qreen  {MaohmeX—'!  gallons  Persian-beiry  liquor,  at  12^  T.,  15  lbs.  yellow 
prussiate  of  potash,  8  lbs.  alum,  28  lbs.  gum-substitute ;  boil,  and  add  2  lbs.  muriate- 
of  tin  crystals,  2  lbs.  oxalic  add. 

No.  106.  Fink  (NacAine),-A  gallons  cochineal  liquor  at  6^  T.,  2  lbs.  alum,  2  lbs. 
bi-tartrate  of  potash,  8  oz.  oxalic  add,  4  gallons  thi<^  gam-Senegal  water. 

No.  107.  Pitrple  (Mackine),^2  gallons  logwood  liquor,  at  12^  T.,  12  oz.  alum,  8  oz. 
red  prossiate  of  potash,  4  oz.  oxalic  acid,  8  gallons  gum-substitute  water.  If  for  block, 
add  12  gallons  gum-water  instead  of  8  gallons. 

No.  108.  Dark  Bed  (Machme.y—S  quarts  Sapan  liquor  at  12^  T.,  2  quarts  bark 
liquor  at  8^  T.,  2  quarts  nitrate  of  alumina  No.  109,  6^  lbs.  starch,  1  lb.  gum-substi- 
tute, 4  quarts  water,  4  oz.  chlorate  of  potash,  12  oz.  alum. 

No.  109.  Nitrate  ofJiumina, — 8  gallons  boiling  water,  24  lbs.  nitrate-of-lead  ciys- 
tals,  24  lbs.  alum,  5  lbs.  carbonate-of-soda  crystals;  let  settle,  and  use  the  dear. 

No.  110.  Blue  Standard, — 1  gallon  water,  12  oe.  alum,  4^  oz.  ox{dic  add,  l}lb. 
yellow  prusdate  of  potash,  1  gaUon  g^um-substitute  water. 

No.  111.  Lavender  lAqwr, — 2  gallons  red  Uquor  at  18^  T.,  6  lbs.  ground  logwood ; 
let  steep  for  48  hours,  then  strain  off  the  liquor. 

No.  112.  Lavender, — 4  gallons  laTCnder  liquor  No.  Ill,  5  gallons  blue  standard 
No.  110,  from  24  to  48  gallons  gum-water,  according  to  shade  wanted. 

No.  113.  Drab, — 4  gallons  layender  liquor,  4  gallons  blue  standard,  1  gallon  bark 
]i(mor  at  8°  T.,  from  40  to  70  gallons  ffum-water,  according  to  shade  wanted. 

No.  114.  Stimt, — 1  gallons  lavender liquorNo.  Ill,  6  gallons  blue  standard  No.  110, 
1  gallon  bark  liquor  at  120°  T.,  reduced  same  as  drab. 

No.  115.  Sage  Greene  for  Blotch  Grounds, — 2  gallons  yellow  No.  118, 2  gallons  bla€ 
standard  No.  110,  from  28  to  56  gallons  gum-water,  according  to  shade  wanted. 

No.  116.  Yellow.— A  gaUouB  beny  liquor  at  12**  T.,  Ijlb.  alum^ 

No.  117.  Broim  StcStdard. — 14  quarts  bark  liquor  at  12°  T.,  3^  quarts  Sapan 
liquor  at  12°  T.,  1^  quart  logwood  liquor  at  12°  T.,  12  quarts  8-lb.  ffum-substitute 
water,  3^  lbs.  alum,  2  oz.  chlorate  of  potash,  5  oz.  red  prussiate.  All  shades  of  light 
browns  are  made  from  this  by  reducing  with  gnm-snbstitute  water,  according  to  shade 
wanted. 

No.  118.  Yeliow,'-'4  gallons  bark  at  8°  T.,  2  quarto  red  liquor  at  18°  T.,  2  quarts 
nitrate  of  alumina  No.  109,  12  oz.  tin  crystals,  5  lbs.  starch. 

No.  119.  Green  for  Block, — 28  lbs.  yellow  prussiate  of  potash,  6  gallons  hot  water; 
in  a  separate  vessd  10  gallons  6-lb.  gum-Senegal  water,  2  gallons  water,  1  gallon 
muriate  of  tin  at  120°  T. ;  mix  the  prussiate  solution  with  the  tin  and  gum  by  pouring 
one  into  the  other,  and  violently  agitating ;  when  quite  fine  and  free  fhmi  fiocculent 
matter,  add  12  gallons  beny  liquor  at  10°  T.,  then  add  12  lbs.  and  2^  lbs.  oxalic  add 
dissolved  in  5  gallons  water,  then  8  quarts  acetic  add,  and  2|  gills  extract  of 
indiga 

No.  120.  Brot/m.-S  quarts  beny  liquor  at  20°  T.,  6  quarts  Brazil-wood  liquor  at 
8°  T.,  3  lbs.  alum,  8  quarto  lavender  liquor,  6  quarto  6-lb.  gum-Senegal  water,  24  oe. 
nitrate  of  copper  at  100°  T. 

Printing  with  pigment  colours,  and  fixing  them  by  steaming  was  formerly  a  separate 
st^^le ;  but  owing  to  Sie  introduction  of  aniline  colours  and  madder  extracto,  goods  are  now 
printed  so  frequently  with  all  these  classes  of  colouiB  at  once,  that  it  is  useless  to  separate 
them.  In  jxrinting  pigmento  the  ordinary  pigments,  such  as  used  in  oil  painting,  are  me- 
chanically attached  to  the  doth  by  a  species  of  cementing.  The  first  fixing  vehide  used 
was  a  solution  of  caoutchouc  in  naphtha,  which  was  mixed  with  the  pigment  so  as  to  make 
colours  of  sufKdent  viscosity  to  print.  The  naphtha  was  then  driven  off  by  steaming, 
and  the  pigment  was  then  cemented  to  the  doth  hj  a  film  of  caoutchouc  This 
method  males  very  &8t  colours,  not  affected  by  soapmg  and  moderate  fridjon ;  but, 
unfortunately,  the  naphtha  volatilidng  during  the  printing  process,  rendered  the  use 
of  it  too  dangerous,  and  after  it  was  found  that  explodons  of  the  naphtha  vapour  fre- 
quently took  place,  calico  printers  turned  their  attention  to  some  other  fixing  yehide. 
Animal  substonces,  of  whidi  the  white  of  eggs  is  the  type,  and  which,  soluble  in 
water,  are  coagulated  by  heat,  are  now  usually  employed  Of  these,  fo  ir  may  be 
particularised : — ^Albumen  of  eggs ;  blood  albumen,  or  dried  serum  of  blood ;  lactarine, 
and  gluten.  The  fibrst  is  made  by  simply  drying  gently  the  white  of  e^^gs  into  flakes. 
The  second  is  the  serum  of  blood  dried  in  the  same  manner.  The  thud  is  made  by 
separating  the  solid  part  of  buttermilk,  purifying  it  from  butter  and  free  add,  and 
drying  it.  The  fourth  is  the  reddue  of  starch-imJdng  from  wheat-fiour  by  the  siipple 
washing  process,  the  gluten  bdng  gently  dried. 
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Tho  lattot  two  thickenefrs  require  a  small  quantity  of  alkali  to  biing  them  in  solu- 
tion ;  they  then  resemble  albumen  in  their  power  of  coagulating  by  heat.  There 
are  few  colours  of  this  style  printed,  chiefly  tdtramarine  blue,  carbon  drab,  and  sienna- 
and  umber-browns ;  examples  of  these  wiU  be  found  further  on. 

The  invention  of  aniline  colours,  commencing  with  the  discovery  of  mauve  in  1856 
by  W.  H.  Perkin,  followed  soon  after  by  that  of  ftichsine  or  magenta,  by  Vergnin,  and 
subsequently  by  the  production  from  aniline  of  a  vast  quanti^  of  beautiM  colours, 
has  almost  revolutiomsed  steam-printing.  These  odlonrs  being  o£  extiaordinairy  purity 
and  brilliancy,  and  in  some  cases  being  as  fast  to  light  as  the  odours  above  described,  are 
now  universally  employed,  to  the  almost  extinction  of  the  old  djewood,  &c.,  colours. 
In  conjunction  with  the  chrome  ^reen  of  Guignet  and  the  various  odours  obtained 
from  extracts  of  madder  and  artificial  alizarine,  most  exquisite  prints  are  now  pro- 
duced, where  the  genius  of  the  designer,  being  no  longer  diecked  Py  the  exigencies  of 
the  printer  who,  to  make  reds,  purples,  and  chocolates  fast  to  soap  was  compelled  to 
dye  them  with  madder,  and  thus  make  a  break  between  the  printing  of  these  and  their 
illumination  by  steam  colours  subsequently,  has  now  full  play,  and  a  great  variety  of 
colours  being  printed  at  one  operation,  and  all  raised  or  fixed  together  afterwards : 
patterns  of  great  delicacy  of  execution  and  beauty  of  colouring  can  be  produced  solid  and 
fast  to  soap,  which  it  was  perfectly  impossible  to  do  before  the  introduction  of  these 
colours.  It  may  therefore  be  confidently  afi&rmed  that  the  introduction  of  madder  extract 
has  directly  tended  to  make  a  marked  improvement  in  the  artistic  taste  applied  to  calico- 
printing.  The  shades  of  colour  produced  from  aniline  colours,  madder  extracts,  and 
pigments  are  infinite.  It  will  only  be  within  the  scope  of  this  work  to  give  a  selectioD 
wMch  will  illustrate  the  principles  upon  which  they  are  made. 

No.  121.  Magenta  Standard, — l^lb.  magenta  crystals,  4  gallons  methylated  spirit 
2  gallons  water. 

No.  122.  ChtmrtragacaiUh  Water, — 1  gallon  water,  10  os.  gum-tragacanth ;  boil  6 
hours  or  till  quite  smooth,  and  make  the  bulk  up  to  1  gallon. 

No.  123.  Effg-alhumm-aolution, — 1  gallon  of  cold  water,  8  lbs.  of  egg-albumen ;  stir 
till  dissolved,  and  strain. 

Na  124.  Blood-albwnensoUUion, — 1  gallon  cold  water,  8 lbs.  blood-albumen;  stir 
till  dissolved,  and  strain. 

No.  125.  No.  45  Magenta  Paste  {for  dark  magenta). — 2  quarts  water,  2  lbs.  fine 
wheat  fionr,  1  lb.  of  white  British  gum  (slightly  roasted  wheat  starch),  45  oc. 
measure  of  No.  121 ;  boil  well,  cool,  and  add  2  quarts  of  No.  128. 

No.  126.  Na  85  Magenta  paste  (for  dark  magenta).— The  same  as  No.  125,  but 
35  OE.  measure  of  No.  121. 

No.  127.  No.  20  Magenta  gum  (for  medium  shade). — 2  quarts  of  No.  122,  2  quarts 
of  No.  128,  20  OB,  measure  of  No.  121. 

No.  128.  Na  10  Magenta  gum  (for  pale  shade).— The  same  as  No.  127>  but  10  oz. 
measure  of  No.  121. 

Na  129.  No.  4  Magenta  gum  (for  padding  or  <  blotching ').— The  same  as  Na  127, 
but  4  oe.  measure  of  No.  121. 

Na  130.  JDark  Mauve  paste,— 2  lbs.  wheat  flour,  1  lb.  white  British  gum,  1  quart 
of  water,  100  os.  measure  of  strong  solution  of  mauve  crystals  in  spirit ;  boil  well, 
cool,  and  add  1  quart  of  No.  128. 

No.  181.  Me€Uum  shade  Mauve  paste, — l^lb.  wheat  flour,  }  lb.  white  British  gum, 
1  quart  of  water,  60  oz.  measure  mauve  solution  as  No.  130 ;  boil  well,  cool,  and  add 
1  quart  of  No.  128. 

No.  132.  No.  20  Pale  Mauve  (for  dark  and  pale  mauve).— -2  quarts  of  No.  122,  2 
quarts  of  No.  124,  20  oz.  measure  mauve  solution  as  No.  130. 

No.  138.  No.  10  Pale  Mauve  (for  a  third  shade).— 2  quarts  of  No.  122,  2  quarts  of 
No.  124, 10  oz.  measure  mauve  solution  as  No.  130. 

Mauves  with  glycerine,  arsenious  add,  and  aoetate-of-alumina  fixing.  In  these 
colours  there  is  no  action  until  the  goods  are  steamed,  when  arsenite  of  alumina  is  formed 
in  an  insoluble  state  in  the  doth  and  the  mauve  remains  united  with  this  mordant 

No.  134.  Otyoerine  and  areenious-acid  solution, — 1  gallon  of  glycerine,  4  lbs.  arse- 
nious add ;  boil  well  till  dissolved. 

No.  185.  Acetate  of  alumina, — 1  gallon  of  water,  3  lbs.  of  alum,  2}  lbs.  acetate-of- 
Boda  crystals. 

No.  136.  Mauve-reducing  paste, — 2  gallons  of  water,  3  gallons  of  No.  135, 1  gallon 
of  No.  122,  6  lbs.  wheat  starch ;  boil,  cool,  and  add  gradually  2  quarts  of  No.  134. 

No.  137.  Dark  Mauve, — 5  lbs.  starch,  5  quarts  water,  8  quarts  of  No.  122, 1  quart 
of  vinegar,  ^  lb.  mauve  crystals ;  boil,  cool,  and  add  when  cooling  5  quarts  of  Na  135, 
and  when  cold  2^  pints  No.  134. 

Na  188. — For  pale  or  medium  shades,  dilute  No.  137  with  No.  136  to  the  required 
shade. 
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"No.  139.  Darls  Cochineal  Bed,^l  gallon  of  cochineal  lienor  at  6®  T.,  1 J  lb.  starch ; 
boil,  cool,  and  add  3  oz.  muriate-of-fin  crystals,  2  oz.  oxabc  add. 

Ko.  1 40.  Scarlet, — 5  lbs.  starch,  3  gallons  cochineal  liquor  at  7^  T.,  2  quarts  Persian- 
berry  liquor  at  12^  T. ;  boil  and  add  |  lb.  binoxalate  of  potash,  dissolye,  and  add  vhen 
nearly  cold  }lb.  muriateof-tin  crystals,  cool,  and  add  1  gallon  of  No.  141. 

No.  141.  Feroxidc'of'Tm  Ptdp, — 6  gallons  of  water,  30  oz.  measure  strong  ammonia 
liquor,  1^  quart  ozychloride-of-tin  solution  at  120^  T.,  mix  veil,  wash  by  decantation 
3  times,  and  filter  to  a  stiff  pulp. 

No.  142.  Drab. — 1  gallon  of  water,  8  oz.  ultramarine,  4  os.  lamp-black,  beat  up 
fine,  and  add  1|  gallon  of  No.  124,  1^  gallon  of  No.  122. 

No.  148.  Carbon  Drab. — 8  lbs.  lamp-black,  1  gallon  of  acetic  add  at  8*^  T.;  mix 
well  together,  and  add  1  sallon  of  No.  124,  and  1  gallon  of  No.  122. 

No.  144.  Ultramarine  Mtte  trith  Laetarme, — 1|  lb.  lactarino,  8^  pints  water;  mix 
well,  and  add  2}  oz.  measure  liquid  ammonia  specific  grari^  *880,  5  oz.  measure 
caustic  soda  at  32^  T. ;  then  having  beaten  up  3  Im.  ultramarine  with  1{  pint  water, 
mix  with  the  lactarine  solution. 

No.  146.  Uttramarine  Blue  toith  Glufen, — 6  lbs.  ulfzamarine,  5  quarts  water;  mix, 
and  add  gradually  34  lbs.  ground  gluten ;  let  it  stand  a  few  minutes,  then  add  1  quart 
caustic  soda  at  16^  T. ;  mix  well,  and  let  stand  a  few  hours  before  usine. 

Na  146.  (No.  4.)  Ultramarine  Bine  with  Albumen, — 4  lbs.  ultramanne,  1  quart  of 
water,  1  quart  of  No.  122,  2  quarts  of  123. 

No.  147.  (No.  3.)  Ultramarine  Blue, — ^As  No.  146,  but  3  lbs.  ultramarine. 

No.  148.  (No.  2.)  Ultramarine  Blue. — ^As  No.  146,  but  2  lbs.  ultramarine. 

No.  149.  Guignete  Green  Standard, — 13  lbs.  Guignet's  green  in  paste,  1  gallon  of 
No.  160,  grind  in  a  mill  till  quite  fine. 

No.  160.  8  lbs.  Albumen'Soluiion, — 1  gallon  of  water,  8  lbs.  of  blood-albumen,  stir 
till  dissolved. 

No.  161.  (No.  2.)  Dark  Green,'-2  gallons  of  No.  149, 1  gaUon  No.  160. 

No.  162.  (No.  2.)  Green,— I  gallon  of  No.  149,  2  gallons  of  No.  160. 

No.  163.  (No.  14.)  Pale  Green  for  Padding.-^l  gallon  of  No.  149,  10  gallons  of 
No.  160,  4  gallons  of  water. 

No.  164.  Dark  Broum, — 26  oz.  burnt  sienna  in  paste,  2}  quarts  of  No.  122,  1  pint 
of  water,  2  quarts  of  No.  1 24. 

No.  166.  Medium  Brown. — The  same  as  with  No.  164,  but  12  oz.  of  burnt-sienna 
paste. 

No.  166.  Pale  Brown  for  Padding, — 1^  oz.  bumt-denna  paste,  3  pints  of  water, 
1  pint  of  No.  22,  2  quarts  of  No.  124. 

No.  167.  Orange, — 6  lbs.  pigment  orange  (dichzomate  of  lead  in  paste),  2  quarts  of 
No.  122,  2  quarts  of  No.  124. 

No.  168.  Drab.-~20  oz.  of  burnt-sienna  paste,  14  oz.  of  ultramarine,  1  quart  of 
water,  6  quarts  of  No.  122,  6  quarts  of  No.  124. 

No.  169.  Drab  for  Padding, — 8  oz.  of  ultramarine,  8  oz.  burnt-sienna  paste,  16  oz. 
yellow  ochre  in  paste,  7  gallons  No.  124,  I  gallon  of  No.  122,  6  gallons  of  water. 

No.  160.  Mack  for  Printing  with  Aniline  Coloure. — 6  gallons  of  logwood  liquor  at 
12^  T.,  1  gallon  of  querdtron-bark  liquor  at  12''  T.,  U  g^on  of  acetic  acid  at  8^  T., 
14  lbs.  starch,  8  lbs.  delaine  gum,  boil,  and  add  1^  lb.  chlorate  of  potash  dissolved 
in  6  quarts  of  hot  water,  cool,  and  add  4  quarts  of  m  161. 

No.  161.  Nitro-acetate  of  Chromium,— ^  gallons  of  water,  12  lbs.  of  bichromate  of 
potash,  16  lbs.  sulphuric  acid  diluted  with  3  quarts  of  water,  add  by  degrees  2  lbs. 
brown  sugar,  and  when  Uie  effervescence  has  ceased,  and  19^  lbs.  of  nitrate  of  lead  and 
19^  lbs.  of  acetate  of  lead  dissolved  in  1  gallon  of  water,  let  settle,  and  use  the  clear 
liquor. 

No.  162.  Dark  Bed  from  Extract  of  Madder  contaimng  Acetate  of  Lime, — 8  lbs. 
extract  of  madder,  4  lbs.  acetic  add,  1^  lb.  starch,  boil  in  a  pot  immersed  in  a  water- 
bath,  when  cold  add  ^th  of  its  bulk  of  No.  163. 

No.  163.  Acetate  of  Alumina, — 1  gallon  of  water,  4  lbs.  of  alum,  4  lbs.  acetate  of 
lead,  stir  till  dissolved,  let  settle,  and  use  the  clear  liquor. 

No.  164.  Pale  Beds  from  the  above  description  of  Extract  of  Madder, — 4  lbs.  of 
extract,  2  lbs.  acetic  add,  6,  8,  or  10  quarts  of  gum-gedda-solution  at  4  lbs.  per  gallon, 
1  pint  of  No.  163. 

No.  166.  Dark  Bed  from  Extract  of  Madder  not  containing  Acetate  of  Lime. — 1 0  lbs. 
extract  of  madder,  2  quarts  of  acetic  add  at  12^  T.,  6  quarts  of  starch  paste  at  2  lbs. 
per  gallon,  1  pint  of  No.  122,  1^  quart  olive  oil,  1^  quart  of  No.  163,  1  pint  of 
acetate-of-lime  solution  at  28^  T. 

No.  166.  Beducing  Paste  for  Pale  Beds  {Extract  without  Acetate  of  Lime), — 7  pints 
of  water,  1  pint  of  No  122,  1  pint  of  acetic  add,  2  lbs.  starch,  boil  and  cool. 

No.  167-  Pale  Beds  from  No.  166.— 1  gallon  of  No.  166,  4  to  6  gallons  of  No.  166. 
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No.  168.  l>ark  Sed  wUk  ariifieial  AHzannB,-^!  lb.  of  No.  169,  7  lbs.  wheat  staieh, 
2)  lbs.  acetic  add  at  8^  T.,  12  lbs  artificial  alizarine  of  10  per  cent.  Btren^»  6  qnarU 
of  acetate-of-lime  solution  at  18^  T.,  2  gallons  of  water,  2  qnazts  oliye  oil,  Ixnl  well, 
cool,  and  add  2^  gallons  of  No.  163  rednced  to  11^  T. 

No  169.  1  gallon  of  water,  1  lb.  gom-tragacanth,  boil  till  dissolTod,  and  add  water 
to  make  np  to  1  gallon. 

No.  170.  Dark  Bed  with  artificial  Muarine, — 1  quart  of  10  per  cent  alizarine, 
16  oz.  measure  acetic  add  12^  T^  ^  pints  of  starch  paste  at  2  lbs.  per  gallon, 
^  put  of  aoetate-of-lime-Bolution  at  20^  T.,  12}  oz.  measure  of  No.  168,  |  put  (2  olire 
oit 

No.  171*  Pale  Red  from  artificial  Aligarine, — 2}  quarts  of  10  per  cent  alizarine  of 
Heister»  Ludus  and  Brunning,  1}  quart  of  acetic  add  at  12^  T.,  8|  quarts  of  starch 
paste  at  2  lbs.  per  gallon,  1  quart  of  acetate-of-lime  solution  at  20^  T.,  H  quart  of 
1^0,  163,  li  quart  of  olive  oiL 

No.  172.  Furfle  with  artifieial  JUttarine, — 2  lbs.  of  artifidal  alizarine  as  in  No.  171, 
1  pint  acetic  acid  at  8^  T.,  8^  quarts  gnm-gedda  solution  at  4  lbs.  per  gallon,  |  pint 
of  pyrolignite  of  iron  liquor  at  10^  T.,  2|  oz.  measure  of  acetate-of-lime  solution  at 
20<>T. 

Madder  Extract  Chocolate,-— "iL  Horace  Eoechlin  discoyered  that  ozide  of  chrominm 
gave  with  madder  extract  a  beautiftd  chocolate  colour :  an  addition  of  solution  of 
acetate  of  chromium  to  any  soiled  madder-extract  red  colour  left  after  pinting, 
converts  this  latter  into  a  reiy  good  chocolate,  and  is  a  good  way  of  utiliang  dirty 
colour,  too  valuable  to  throw  away.  A  good  dioodate  ma^  also  be  made  by  mixing 
madder-extract  red  with  the  chrome  black  No.  160,  for  instance  6  of  old  madder- 
oxtract  red  and  1  of  chrome  blade 

After  printing,  the  pieces  are  hung  up  for  some  time  to  equalise  their  temperature, 
and  are  men  steamed. 

There  are  two  methods  of  steaming  now  commonly  employed — ^the  column  and 
the  chest.  The  column  is  a  hollow  <nrhnder  of  copper,  fh>m  3  to  6  inches  in  diameter, 
and  about  44  inches  long,  perforated  over  its  whole  surfiMe  with  holes  of  about  Ath 
of  an  inch,  placed  about  ^  of  an  inch  asunder.  A  circular  plate,  about  9  inches 
diameter,  is  soldered  to  the  lower  end  of  the  column,  destined  to  prevent  the  coil 
of  doth  from  sliding  down  off  the  cylinder.  The  lower  end  of  the  column  termi- 
nates in  a  ppe,  mounted  with  a  stopcock  for  regulating  the  admisdon  of  steam 
from  the  main  steam  boiler  of  the  &ctor^.  In  some  cases,  the  pipe  fixed  to  the  lower 
suifiAce  of  the  disc  is  made  taperinff,  and  fits  into  a  oonical  sodrot,  in  a  strong  iron  or 
copper  box,  fixed  to  a  solid  pedesteS ;  the  steam-pipe  enters  into  one  dde  of  that  box, 
and  is  provided,  of  course,  with  a  stopcock.  The  condensed  water  of  the  column  falls 
down  into  that  chest,  and  may  be  let  off  by  a  descending  tube  and  a  stopcock.  In 
other  forms  of  the  oolumn,  the  conical  junction  pipe  is  at  its  top^  and  fits  there  into 
an  inverted  socket  connected  with  a  steam  chest,  while  the  bottom  has  a  very  small 
tubular  outlet,  so  that  the  steam  may  be  exposed  to  a  certain  pressure  in  the  column 
when  it  is  encased  with  doth. 

The  pieces  are  lapped  round  this  column,  but  not  in  immediate  contact  with  it ;  for 
the  copper  ^linder  is  first  envdoped  in  a  few  coils  of  blank^  stufl^  then  with  several 
coils  <^  white  calico,  next  with  the  several  pieces  of  the  rainted  goods,  stitched  end- 
wise, and  lastly,  with  an  outward  mantle  of  white  calico.  In  the  course  of  the  lapping 
and  unlapping  of  such  a  length  of  webs,  the  cylinder  is  laid  in  a  horizontal  frame,  in 
which  it  18  made  to  revolve.  In  the  act  of  steaming,  however,  it  is*  fixed  upright,  by 
one  of  the  methods  above  described.  The  steaming  lasts  for  20  or  30  minutes  accord- 
ing to  the  nature  of  the  dyes ;  those  whidi  contain  mudi  solution  of  tin  admit  of  less 
steaming.  Whenever  the  steam  is  shut  o£^  the  goods  must  be  immediately  uncoiled, 
to  prevent  the  chance  of  any  aqueous  condensation.  The  unrolled  pieces  are  free 
from  damp,  and  require  only  to  be  exposed  for  a  few  minutes  in  the  air  to  appear 
perfectly  dry.  Were  water  condensed  during  the  process,  it  would  be  apt  to  make  the 
colours  run. 

The  other  method  of  steaming,  and  the  one  now  most  generally  employed,  is  that 
of  the  chest  This  is  an  iron  diamber  generally  now  of  cylindrical  snape,  as  being 
the  strongest  form.  This  cylinder  is  about  10  feet  lon^  and  8  feet  wide,  fixed  horizon- 
tally. It  is  dosed  at  one  end,  the  other  is  provided  with  strong  dosdy-fitting  folding 
doors,  or  with  a  strong  door  suspended  from  pulliei^  and  balanced  with  a  heavy 
weight.  In  dther  case  the  doors  are  fitted  with  iron  screws,  so  that  they  can  be 
screwed  dose  to  the  cylinder  and  thus  rendered  steam-ti^t  There  is  a  second  roof 
inside  the  cylinder,  wfaidi  recdves  any  drops  of  condensed  water,  and  carries  them 
past  the  pieces  at  the  ddes.  There  is  a  perforated  false  bottom,  underneath  which  is 
a  perforated  steam-pipe,  laid  from  end  to  end  of  the  chest ;  this  pipe  adouts  the  steam, 
idiich  is  further  dimtsed  by  the  holes  in  the  fblse  bottom.    On  the  false  bottom  is  laid 
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a  pair  of  nils  parallel  with  the  sides  of  the  chest ;  these  rails  are  oontiniied  outside 
the  chest  into  the  room,  the  parts  neixt  the  chest  for  about  8  feet  being  hinged  so  as  to 
be  moved  on  one  side  when  the  doors  are  o^ed  or  shut.  Upon  the  raUs  moves  a 
rectangular  frame  of  iron  which  jnst  fits  inside  the  chesty  and  stands  as  high  as  the 
entrance  to  the  chest  will  admit,  generally  about  6  feet  high  by  4  feet  wide.  This 
frame,  when  drawn  out  into  tho  room,  is  filled  with  pieces  in  the  following  manner : — 
They  are  first  wound  on  an  open  reel,  one  by  one,  the  selvages  of  each  fold  being  kept 
as  parallel  as  possible.  The  piece  is  then  sUd  off  the  end  of  the  reel,  pulled  fiat,  and 
a  needle  and  thi^ead  peused  through  all  the  selvages  of  one  side,  and  loops  made, 
through  which  are  passed  wooden  rods,  which  rest  on  the  sides  of  the  carriage,  or 
thev  are  wound  on  the  reel  and  suspended  on  a  thin  wooden  rod  covered  with  calico, 
which  rod  is  supported  at  the  ends  upon  the  sides  of  the  wooden  frame.  Generally  a 
grey  piece  is  wound  on  the  reel  along  with  the  printedpieoe  on  the  face  side,  this  is 
to  prevent  the  colours  marking  off  on  the  white  parts.  The  piece  being  thus  suspended 
with  selvages  downwards,  the  carriage  being  filled  with  the  rods,  is  run  into  the  chest, 

386 


the  doors  firmly  shut,  and  steam  turned  on,  the  steam  escaping  by  a  safety  valve. 
Thev  hang  thus  for  46  minutes,  are  taken  out,  unfolded,  and  loosely  folded  for 
washing  v<&  They  are  next  stitched  end  to  end,  and  passed  through  a  eistem  with 
water,  from  that  into  a  dstem  containing  a  ver^  weak  solution  of  bichromate  of 
potash;  they  are  then  put  into  a  washing  machine,  hydro-extracted,  starched,  and 

Fig.  886  is  a  section  of  Mather  and  Flatt^s  steaming  chest:  ▲,  the  body ;  made 
cylin<hical  of  wrought-iron  plates ;  b,  carriage  fitted  wiUi  square  wooden  rollers,  all 
geared  together  by  «pur  wheels,  worked  by  a  handle  passing  through  a  stuffing  box 
on  the  outside  of  the  cylinder;  c,  square  wooden  rollers ;  d,  handle  and  wheels;  b, 
cloth  hanging  on  the  rollers ;  f,  perforated  steam-pipe ;  o,  tap  and  pipe  for  running 
off  condensed  water;  h,  moveable  door,  arranged  to  be  suspended  by  a  chain,  &c  ;  i, 
balance  weight  for  door;  x,  safety  valve.  Fig,  387,  for  which  we  are  indebted  to 
Mr.  Fnmiv^,  shows  a  chest  fitted  with  folding  doors,  the  arrangement  of  the  interior 
roof,  the  stufiKng-box  and  handle,  and  the  railway  arrangement  for  running  the  carriage 
in  and  out  of  the  cylinder,  and  also  the  double  line  for  allowing  one  carriage  to  be 
filled  whilst  another  is  in  the  st^am-chest,  and  thus  avoid  loss  of  time  in  filSng  and 
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The  anangament  of  moveable  square  wooden  rollers  is  to  allow  of  the  roll  of  pieoea 
placed  upon  these  rollers  being  occasionally  turned  part  round,  so  that  they  may  be 
uniformly  steamed,  which  would  not  be  the  case  if  the  same  part  were  always  resting 
on  the  wooden  roller. 

Colours  fixed  by  steaming  are  either  pigments  insoluble  in  water,  cemented  to  the 
doth  by  the  coagulation  of  the  albumen  or  other  nitrogenous  rehicle  with  which  they 
are  mixed,  or,  as  in  the  case  of  aniline  colours,  this  coagulum  becomes  itself  a  mordant 
and  at  the  time  of  coagulation  and  adherence  to  the  fibre  carries  with  it  the  colour  in 
chemical  union;  or,  as  in  the  case  of  dyewood  and  cochineal  colours,  these  may  be 
described  as  coloured  lakes  temporarily  held  in  solution  by  acids,  and  during  the 
steaming,  the  doth  gradually  withdraws  these  lakes  from  solution,  the  add  being 
either  dSsipated  or  so  modified  as  to  be  incapable  of  hdding  the  lakes  dissolved.  The 
state  of  the  steam  is  an  important  matter.  It  is  not  the  heat  alone  that  produces  the 
effect ;  for  it  may  easily  be  demonstrated  that  heating  doth,  when  printed  and  dried^ 
has  no  effect  whatever.  The  steam,  to  be  effective,  must  be  as  saturated  with  mois- 
ture as  possible,  and  for  this  reason  the  steaming  apparatus  should  never  be  near  the 
boiler:  it  is  no  disadvantage  for  the  steam  to  travd  a  consideiable  distance  before 


being  anplied.  In  some  pmit>wodc8  the  steam  is  made  to  pass  through  water  in  a 
vessd  placed  bdow  the  steam-chest,  so  that  it  anives  in  the  chest  perfectly  saturated 
with  water.  At  the  same  time,  the  steam  must  not  be  of  so  low  tension  as  to  cause  a 
deposit  of  moisture  on  the  pieces,  which  would  be  very  injurious,  by  causing  the 
colours  to  run  or  mix.  Steam-blue  depends  for  its  fixation  on  the  decomposition  of 
ferrocyanio  add  by  the  high  temperature  and  presence  of  vapour  of  water  into  n^te 
insoluble  ferrocyanide  of  iron  ana  potassium,  wiiidi,  by  aoouirinff  oxygen  from  the 
air  or  durins  the  washin^p-ofl(  becomes  Brossian  blue.  The  shade  ^  it  is  mudi 
modified  by  the  oxide  of  tan  in  the  doth  and  the  prussiate  of  tin  that  forms  part  of 
the  colour.  It  appears  that  tin  substitutes  iron,  forming  a  compound  fenm^nide  of 
tin  and  iron,  or  a  ferro-etanno-eyanide  of  iron,  which  is  of  a  deep  violet-blue  odour. 
Greens  are  mixtures  of  yellow  U^us  with  the  Prussian  blue,  fbimed  by  decomposition. 
In  both  these  colours  there  is  a  large  quanti<7  ^  hydrocyanic  add  disengaged 
during  the  steaming ;  steam  being  decomposed,  its  hydrogen  going  to  form  hydrocyanic 
add. 

Madder-extract  and  alizarine  colours  require  more  care  in  steaming  than  ordinary 
dyewood  colours.  The  steam-chest  should  be  fitted  with  a  manometer  to  indicate  the 
pressure  of  the  steam  inside  the  chest    The  steam  at  first  should  only  be  about  8  Iba. 
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presBure,  and  after  one  hour  the  pregfure  increased,  until  at  last  a  pressure  of  about 
7  lbs.  is  given. 

Mousseline-de-laines  are  treated  somewhat  in  the  same  manner,  the  preparation  of 
the  cloth  being  diQtont,  and  the  colours  are  made  in  such  a  manner  as  to  fix 
equally  on  both  the  wool  and  the  cotton  of  the  fabric.  The  steaming  and  washing-off 
are  nearly  the  same  as  for  calicoes.    The  following  is  the  method  in  detail : — 

The  cloth  is  first  well  bleached  and  sulphured.  This  operation  is  usually  per- 
formed by  hanging  the  goods  in  a  dose  stone  or  brick  chamber.  Trays  of  sulfur 
being  lighted,  Uie  door  is  closed  tight,  and  the  pieces  stay  in  the  sulphurous  gas  for 
fioveral  hours,  and  are  then  removed  and  washed.  An  improvement  on  this  method 
was  patented  by  John  Thom,  and  is  here  shown. 

388 


Thorn's  Bdphtiring  Apparatus, — Fig.  888.  a  is  the  roof,  made  of  sheet  lead,  4  lbs.  to 
the  foot  B  is  a  lead  pipe,  of  oneinch  diameter,  taking  off  the  excess  of  sulphurous  acid 
to  the  flue,  o  and  c  are  rolls  of  pieces,  going  in  on  one  side  and  coming  off  at  the 
other.  D  and  d,  rollers  of  wood,  three  inches  in  diameter,  with  iron  centres  at  the 
ends,    s  and  b,  tiles,  as  in  malt  kilns,  to  let  the  gas  pass  up  through  to  the  cloth. 

Fig,  889  shows  the  chamber :  it  is  six  feet  in  length  by  four  feet  in  breadth,  and  about 
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flye  feet  higL  There  are  two  windoira,  which  are  placed  opposite  each  other,  f  is 
a  cast-iron  tray  for  burning  the  sulphur.  It  is  placed  on  a  flag,  inclining  towards  the 
chamber  at  about  one  inch  to  a  foot.  It  is  ftimished  with  a  slide,  on  which  to  put  the 
sulphur  to  be  pushed  in,  and  to  admit  what  air  may  be  wanted.  The  space  for  air 
may  be  firom  half  an  indi  to  an  inch  wide.    It  costs  18/.  to  20/. 

Prqxtraiiim, — ^Pad  the  pieces,  previously  well  bleached  in  a  wooden  padding 
machine  through  stannate  of  soda  at  10^  twice  over,  then  pass  through  a  dstem 
with  rollers,  containing  dilute  sulphuric  add  at  3*^  T.,  wash  gently,  and  partially  dry, 
then  pad  through  sulphomuriate  of  tin  at  4°  T.  twice. 

No  173.  Sulphomuriate  of  Tin. — 3  quarts  muriate  of  tin  at  120^  T.,  1  quart  sul- 
phuric add  at  170^  T.,  mixed  together  gradually,  and  4  quarts  muriatic  add  added ; 
reduce  to  4®  T. 

Hun  from  this  without  washing  into  a  large  dstem  with  rollers,  containing  dilute 
chloride  of  lime  at  i*'  T.,  then  wash,  put  in  the  hydro-extractor,  and  dry.  When 
wanted  for  printing,  pad  through  gum-Senegal  water  at  8  oz.  to  the  gallon,  and  dry. 
After  printing  they  are  hung  the  same  as  calicoes  to  equalise  the  temperature,  then 
hung  in  the  steam-chest  in  the  same  manner  as  calicoes,  and  steamed  46  minutes. 
After  steaming,  they  are  unrolled  and  loosely  folded  for  washing-o£^  which  is  done 
by  windng  oyer  a  reel  in  a  pit  of  water  gently  for  j^  of  an  hour,  then  transferred  to  a 
•  washing-machine  or  large  automatic  wince  reel,  and  washed  till  no  more  coloured 
liquor  comes  away,  then  hydro-extracted,  and  dried  oyer  the  steam  cylinders.  After 
diying,  it  is  found  adyantageous  to  hang  the  pieces  in  a  cool  room,  with  ooyered 
shutter  sides,  for  a  day  or  two,  so  that  they  may  imbibe  a  little  moisture,  and  the 
colours  ajmear  richer.  The  wool  in  mousseline-de-laines  is  apt  to  be  partially  decom- 
posed during  steaming,  and  sulphuretted  hydrogen  liberated,  which  decomposes  the 
metallic  salts,  such  as  nitrate  of  copper,  used  in  some  colours,  and  poduoes  a  yery 
disagreeable  efifect*  termed  tUvering,  To  aydd  this,  it  is  now  customary  to  wind  on 
the  reel  for  steaming,  at  the  same  time  as  the  printed  piece,  a  grey  or  unbleached 
piece,  which  has  been  padded  in  a  weak  solution  of  acetate  of  lead,  and  dried.  By 
this  means  the  printed  niece  is  steamed  in  contact  with  the  prqiared  piece,  and  any 
sulphuretted  hydrogen  tiiat  may  be  disengaged  is  immediately  absorbed  dj  the  aoetate 
of  lead. 

The  following  are  the  oolonrs  used  in  mousseline-de-laineprinting  :^ 

No.  174.  Bark  Bed, — i  gallons  oodiineal  liquor  at  10^  1\,  7  lbs.  starch ;  boil,  and 
when  cooled  to  180^  F.,  add  I^lb.  oxalic  add,  and  when  this  is  dissolyed,  \\\b, 
mnriate-of-tin  crystals. 

No.  175.  Chocolate, — 6  gallons  Sapan  liquor  at  12^  T.,  2  gallons  logwood  liquor  at 
12^'  T.,  1  gallon  bark  liquor  at  12<'  T.,  ISlbs.  starch;  boU,  and  add  fiflbs.  alum, 
12  OB.  chlraate  of  potash,  4^  lbs.  red  prussiate  of  potash. 

No.  176.  YeOow,—^  gallons  berry  liquor  at  10^  T.,  5^  lbs.  starch,  1  lb.  pale  British 
gum ;  boil,  and  add  1}  lb.  murtate-of-tin  crystals. 

No.  177.  Bark  or  Soyal  Blue,-^  gallons  water,  ^  lbs.  starch,  2^  lbs.  sal-ammo- 
niac ;  boil  well,  and  add  6  gallons  tin  polp  No.  108 ;  mix'  well  into  the  paste,  and  add 
16  lbs.  pounded  yellow  prussiate  of  potash,  8  lbs.  red  prussiate,  24  lbs.  tartaric  add, 
and  l^Ib.  oxalic  add  preyionsly  dissolyed  in  4  pints  hot  water. 

No.  178.  Pale  Blues  are  made  from  the  dark  blue  No.  177f  by  redudng  with  gum- 
substitute  water ;  say  1  of  dark  blue  and  seven  of  gum-water  for  pale  blue,  for  two  blues, 
and  1  of  da^  blue  and  14  of  gum-water  for  blotdi  or  ground  blue. 

No.  179.  Oreeti,-~4  gallons  berry  or  bark  liquor  at  12^  T.,  3  lbs.  alum,  6  lbs.  starch ; 
bdl,  and  add  6  lbs.  powdered  yellow  prussiate  of  potash,  I  lb.  muriate-of-tin  crystals, 
1  lb.  oxalic  add,  and  2}  pints  extract  of  indigo. 

No.  180.  Pale  Oreen, — 8  quarts  berry  liquor  at  6°  T.,  1 J  lb.  yellow  prussiate  of 
potash,  9|  oz.  alum, }  pint  acetic  add,  16  quarts  4  lbs.  gum-Senegal  water,  8  oa.  weight 
muriate-of-tin  liquor  at  12^  T^  }  pint  extract  of  indigo. 

No.  181.  Bark  Brown, — 2^  quarts  Sapan  liquor  at  8^  T.,  1  pint  logwood  liquor  at 
12^  T.,  5  quarts  bark  liquor  at  10^  T.,  12  oz.  alum,  1  os.  chlorate  of  potash,  6  lbs. 
gum-substitute ;  boil,  and  add  4  oz.  red  prussiate  of  potash,  2  oz.  oxalic  add. 

No.  182.  Pale  Browns  are  made  from  the  dark  brown  No.  181,  by  redudng  with 
gum-water,  say  1  to  8  or  1  to  6. 

No.  188.  Pale  Bed, — 1  lb.  fine-|pK>undcoduneal,  1  lb.  liquor  ammonia,  specific  gravity 
0*88 ;  put  in  a  jar  with  ti^ht-fitting  cover,  which  may  be  luted  down ;  keep  in  a  warm 
place  for  48  hours,  then  mix  with  two  gedlons  boiling  water,  and  simmer  in  a  mug  down 
to  1  gallon,  then  strain  ofil  wash  the  cochineal  with  a  little  water,  and  strain  again ; 
to  the  liquor  made  up  to  1  gallon  add  4  oz.  alum,  4  oz.  muriate-of-tin  crystals,  4  os. 
oxalic  aad,  and  1  gallon  6-lb.  gum-SenegeJ  water. 

No.  184.  8oarlet,^2  ^ons  cochineal  liquor  at  12^^  T.,  4  lb.  starch ;  J>oil,  and  add 
4  OS.  oxalic  add,  4  oz.  binoxalate  of  potash,  8  oz.  pink  salts  (double  permuziate  of  tin 
fti4  ftTnTTionia),  and  8  os.  mnriate-of-tin  cxystals. 


Digitized  by  VjOOQIC 


CALICO-PRINTING  657 

No.  186.  8carUt.^S  gallons  standard  No.  186,  1  qnart  berry  liquor  at  10<>  T., 
4}  lbs.  starch ;  boil,  and  add  8  oz.  binozalato  of  potash,  8  oz.  oxalic  add,  If  lb.  pink 
inats,  J  pint  oxymnriate  of  tin  at  1 20**  -T. 

No.  186.  Standard,— 2  lbs.  flno-gronnd  cochineal,  6  quarts  ^irater,  1  ^nart  red  liquor 
at  20^  T.,  4  oz.  nitric  add,  2  oz.  oxalic  add ;  boil  20  minutes,  and  strain  oS. 

No.  187.  Medium  Blue, — 6  gallons  standard  blue,  No.  188,  1^  quart  oxjrmuriate  of 
tin  at  120®  T.,  added  gradually,  and  beaten  fine,  then  2f  quarts  extract  of  indigo. 

No.  188.  Standard  Blue, — 10  lbs.  yellow  prussiate  of  potash,  3  lbs.  alum,  2  lbs. 
oxalic  add,  4  gallons  water,  4  gallons  6-lb.  gum-water. 

No.  189.  Mdmm  Green.—B  quarts  berry  liquor  at  8**  T.,  3  lbs.  yellow  prussiate 
of  potash,  1^  lb.  alum,  7  quarts  6-lb.  gum-water,  1  quart  water,  1  quart  acetic  add, 
14  oz.  wdght  muriate-of-tin  liquor,  1  pint  extract  of  indigo. 

No.  190.  Lilac, — 8  quarts  layender  liquor  No.  191,  6  oz.  oxalic  acid,  2  oz.  measure 
extract  of  indigo^  8  quarts  6  lbs.  gum-Senegal  water. 

No.  191.  Lavender  Liquor.— 2  gallons  red  liquor,  10  lbs.  ground  logwood ;  steep  12 
hours,  and  strain  off. 

No.  192.  IXme.— 6  quarts  blue  for  doves,  No.  193, 4  quarts  layender  liquor  No.  191,  8 
quarts  6-lb.  gum-Sene^  water. 

No.  193.  Blue  for  Doves, — 5  quarts  water,  2  lbs.  yellow  prussiate  of  potash,  21b8. 
alum,  5  quarts  6-lb.  gum-water,  1  pint  extract  of  indigo. 

No.  194.  Orange, — 3  gallons  beny  liquor  at  10°  T.,  9  lbs.  gum-Senegal;  3  pints  red 
mordant  No.  198,  12  oz.  muriate-of-tin  crystals ;  boil  15  minutes. 

No.  195.  JDrab  Standard. — 6  quarts  purple  liquor  No.  196,  1  quart  bark  liquor  at 
10<*  T.,  \  pint  red  liquor  at  20®  T.,  f  put  extract  of  indigo. 

Drabs  are  made  from  this  by  redudng  with  gum-water,  about  1  to  3. 

No.  196.  Fuvyle  Liquor, — 1  gallon  lavender  liquor  No.  191,  3  oz.  oxalic  add. 

No.  197.  Silver-drab  Standard.-— Z  quarts  gall  liquor  at  \2^  T.,  2  quarts  standard 
blue  No.  188.  1  quart  lavender  liquor  No.  191. 

Colours  reduced  with  gum-water  £rom  this,  1  to  2  or  3. 

No.  198.— i?a?  Mordant, — 1  gallon  water,  6  lbs.  alum,  3  lbs.  white  acetate  of  lead  \ 
stir  till  dissolved,  let  setUe  and  use  the  dear. 

No.  199.  Buff  Standard. — 1  quart  cochineal  liquor  at  8®  T.,  3^  quarts  berry  liquor 
at  10®  T.,  1  Quart  red  mordant  No.  198,  20  oz.  oxalic  acid. 

Colours  reduced  £rom  this  with  ^um-water. 

No.  200.  (Mve,—\  quart  lavender  liquor  No.  101,  2  quarts  berry  liquor  at  10®  T., 
2  quarts  8-lb,  gum-Senegal  water. 

Aniline  Colourefot  MowseHne-de-Lainee, 

No.  201.  Pale  Maqenta^ — 6  ois.  measure  of  solution  of  4  oz.  magenta  crystals  in  4 
quarts  methylated  spirit,  8^  quarts  of  gum-gedda  solution  at  3  lbs.  per  gallon,  1  pint  of 
6-lbs.  egg^bumen  solution. 

No.  202.  Medium  Magenta.—SQmA  as  No.  201,  but  18  fluid  ounces  of  magenta 
solution. 

No.  203.  Pale  VioleL — 6  oz.  measure  of  Hofinann's  Violet  (spirituous  solution),  3^ 
quarts  of  3-lbs.  gum-gedda  solution,  1  pint  of  6-lb.  blood-albumen  solution. 

No.  204.  Medium  Kto^.— The  same  as  No.  208,  but  18  oz.  fluid  of  Violet  solution. 

No.  205.  StroM  Solution. — 28  fluid  oz.  of  Hofinann's  Violet,  3  J  quarts  of  water,  2 
1  lb.  white  British  gum ;  boil,  cool,  add  1  pint  of  6-lb.  blood-albumen  solution. 

No.  206.  Strong  Mauve. — 8  lbs.  flour,  4  lbs.  white  British  gum,  10  quarts  water,  5 
quarts  Mauve  Standard ;  boil,  cool,  and  add  6  quarts  of  6-lb.  blood-albumen  solution. 

No.  207.  Mauve  Standard. — 6  oz.  Brook,  Simpson,  and  Spiller's  E  Violet,  2  quarts 
acetic  add,  2  quarts  of  water. 

No.  208.  Pale  Mauve, — 1^  gallon  of  6-lb.  blood-albunien  solution,  3^  gallons  of 
gum-gedda  solution,  30  fluid  ounces  of  Mauve  Standard. 

No.  209.  Iodine  Green, — 8  quarts  of  6-lb.  blood-albumen,  3  quarts  of  gmn-gedda 
solution,  1^  pint  of  glycerine  arsenical  solution  No.  134,  1^  pint  acetic  acid,  1  quart 
of  iodine  green  paste. 

In  mousseline-de-laine  printing  success  depends  more  on  the  bleaching  and  prepar- 
ing of  the  doth  than  in  any  otiier  style.  To  Mr.  John  Mercer  is  due  the  merit  of 
having  effected  an  improvement  in  the  preparation  of  woollen  fabrics,  the  importance 
of  which  can  hardlv  be  overrated.  Biefore  his  discovery  of  the  power  of  prepared 
wool  to  absorb  chlorine,  mousseline-de-laines  could  only  be  efi^tivelyprinte^by  block, 
which  allows  a  largo  body  of  colour  to  bo  laid  on,  and  the  flbre  supersaturated  with 
it.  Machine  colours  were  meagre  and  dull.  But  mousseline-de-laines  prepared  with 
tin,  and  then  subjected  to  the  action  of  chlorine  gas  (as  in  the  process  given  above, 
whero  the  add  salt  of  tin  remaining  in  the  cloth  msengages  chlonne  from  the  chloride 
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of  lime),  hare  their  power  of  absorbing  and  retaining  colour  oonsiderablj  enhanoed. 
The  exact  part  the  emorine  plays  is  not  well  known,  probably  a  compound  nmilar  to 
the  chloro-protein  of  Mulder  is  formed.  The  effect  produced  is  not  one,  as  might  be 
supposed,  of  oxidation ;  but  apparently  a  merely  heightened  power  of  the^  wool  to 
assimilate  colouring  matter.  Wool  subjected  to  chlorine  without  tin  is  mudi  improved 
in  its  capacity  for  colour,  but  nothing  like  the  same  wh^n  prepared  with  tin  also.  The 
whole  of  the  chlorine  may  be  removed  trom  the  cloth  by  passing  throu^  an  alkali, 
which  renders  it  necessary  to  give  the  stannate-of-soda  padding  previously  to  the 
dilorinating.  It  may  fairly  be  assumed  that  the  development  of  mousseline^-laine 
printing  by  cylinder  to  the  present  perfection  is  due  in  a  great  measoie  to  this  chlo- 
rinating process.  It  ought  also  to  be  stated  that,  with  rare  liberality,  Mr.  MercM 
gave  the  discovery  to  the  trade,  reserving  for  himself  no  right  whatever. 

Ninth  Style:  Spirit  Colours. 

Topical  colours  of  great  brilliancy,  but  possessed  of  very  little  solidity,  are  made 
somewhat  like  steam  colours,  but  with  much  larger  proportions  of  '  spirits,'  hj  which 
term  is  meant  the  metallic  salts  and  acids,  which,  combining  with  the  dye-staff  decoc- 
tions, give  the  peculiar  tone  and  vivacity  to  these  colours.  These  colours,  from  the 
large  admixture  of  these  salts,  are  necessarily  very  add,  and  cannot  be  steamed  with- 
out the  destruction  of  the  cloth.  They  are  merely  gently  dried  after  printing,  and 
hung  in  the  ageing  room  for  several  hours,  then  rinsed  in  water,  washed,  and  dned. 

The  following  are  examples  of  spirit  colours : — 

No.  210.  BlaeJc^l  gallon  logwood  liquor  at  8^  T.,  1  gallon  water,  10  oc.  copperas, 
3  lbs.  starch ;  boil,  and  add  \  pint  pemitrate  of  iron  at  80*'  T. 

No.  211.  Pink. — 1  gallon  Sapan  liquor  at  8^  T.,  I  gallon  water,  2  lbs.  common  salt, 
1)  lb.  starch;  boil,  cool,  and  add  I  pint  oxymuriate  of  tin  at  120^  T.,  8  os.  measure 
nitrate  of  copper  at  80^  T. 

No.  212.  Btue,—\  gallon  water,  1  lb.  yellow  prussiate  of  potash,  6  oz.  alum,  \\  lb. 
stardi ;  boil,  and  add  f  pint  nitrate  of  iron  at  80^  T.,  1^  gill  oxymuriate  of  tin  at 
120O  T. 

No.  218.  Brovm.^l  gallon  berfy  liquor  at  8^  T.,  2  lbs.  light  British  gum;  boil, 
and  add  1  lb.  muriate-of-tin  ciystals,  2  quarts  spirit  pink  No.  150, 2  quarts  spirit  purple 
No.  214. 

No.  214.  PurpU.^l  gallon  logwood  liquor  at  8^  T.,  1  gallon  water,  10  oc  copperas, 
2  lbs.  starch ;  boil,  and  add  1  pint  protomuriate  of  iron  at  80^  T.,  1  pint  oxymuriate 
Oftinatl20'»T. 

No.  215.  Ortt!nge.—\\  gallon  berry  liquor  at  8®  T.,  12  lbs.  light  British  gum ;  boil, 
add  6  lbs.  muriateH>f-tin  crystals,  4  gallons  spirit  pink  No.  211. 

No.  216.  Chocolate.— 2\  gallons  spirit  pink  No.  211,  1  gallon  spirit  blue  No.  212. 

No.  217.  Bed. — 3  gallons  Sapan  bquor  at  4^  T.,  1  lb.  Nd-ammoniac,  I  lb.  verdigris, 
4J  lbs.  starch ;  boil,  cool,  and  add  5  lbs.  pink  salts,  1  lb.  oxalic  add. 

No.  218.  Yellow.— \  gallon  berry  liquor  at  10  T.,  ^ lb.  alum,  lib.  staicfa;  boil, 
and  add  1  pint  of  muriate-of-tin  liquor  at  120  T. 

No.  219.  Green. — 1  gallon  spirit  blue  No.  212,  1  gallon  spirit  yellow  No.  218. 

No.  220.  Spirit  Fink  for  Blocking  Madder  Work.—^^  gaUons  Brazil-wood  liquor  at 
108^  T.,  9  lbs.  pink  salts,  3  lbs.  sal-ammoniac,  2  lbs.  sul^te  of  copper,  5^  ob.  oxalic 
add  dissolved  in  1  pint  water,  4^  gallons  of  6-lb.  gum-Senegal  water,  1|  quart  oxy« 
muriate  of  tin  at  120*>  T. 

Tmth  Style:  Bronsee. 

The  doth  is  padded  in  solution  of  sulphate  of  manganese,  the  strength  of  which  de- 
termines the  shade  of  brown  produced ;  for  a  medium  shade  of  brown,  suitable  for 
discharge  colours,  the  liquor  may  be  80^  T. 

After  padding  and  drying,  pad  the  pieces  through  caustic  soda  at  24^  T.,  and  again 
ihrough  caustic  soda  at  12^  T.,  wince  well  in  water,  and  then  in  solution  of  chloride 
of  lime  at  2^  T.  till  perfectly  brown ;  wash  well  in  water,  and  dry. 

The  odours  for  printing  on  this  dyed  ground  are  so  made  as  to  discharge  the 
brown  and  substitute  their  own  colour  in  place  of  it 

No.  221.  Blue  Disehargc.--^a)  6  gallons  water,  3|  lbs.  yellow  prussiate  of  potash, 
10  lbs.  starch,  6  lbs.  light  British  gum ;  boil,  and  add  12  lbs.  tartaric  add,  6  lbs.  oxalic 
add,  1^  quart  pemitrate  of  iron :  then  take  (6)  5  quarts  of  this  standard,  3  quarts 
muriate  of  tin  at  120®  T. 

No.  222.  Biacharge  Yellow  for  Chroming. ^{a)  1  callon  water,  5  lbs.  nitrate  of  lead, 
4  lbs.  light  British  gum ;  boil,  and  add  4  lbs.  tartaric  add ;  then  take  (fi)  8  quarts  this 
standard,  1  quart  muriate  of  tin  at  120^  T. 

No.  223.  Discharge  Green.— 2  quarts  yellow  standard  No.  222  (d),  1  quart  blue 
standard  No.  221  (a\  1  quart  munate  of  tin  at  120^ 
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Ko.  224.  Diaoharge  Pink,^(a)  2  gallons  Brazil-wood  liquor  at  12^  T.,  4  oz.  sol* 
phate  of  copper,  4  oz.  sal-aminomac,  4lbs.  starch ;  boil,  ana  add  8  oz.  measura  ox j- 
muriate  of  tin  at  120^  T. :  then  take  (6)  2  quarts  of  this  standard,  1  quart  muriate  of 
tin  at  120®  T. 

No.  225;  White  Diaoharge, — 2  gallons  water,  8  lbs.  light  British  gum ;  boil,  and  add 
8  lbs.  tartaric  acid,  and  1  gallon  muriate  of  tin  at  120®  T. 

jBioc*.— Spirit  black  No.  210. 

After  printing,  hang  for  a  few  hours,  and  wince  in  a  pit  with  water  firaely  flowing 
into  it;  then  wince  in  chalky  water,  again  in  water,  then  wince  in  bichromate  of  potash 
at  4®  T.,  to  raise  the  green  and  yellew ;  wash  and  diy. 

The  discharging  agent  in  these  colours  is  the  protomnriate  of  tin,  which,  by  its 
superior  attraction  for  oxygen,  robs  the  peroxide  of  manganese  of  a  portion.  '  The 
protoxide  of  manganese  formed  by  this  change  being  then  soluble  in  the  add,  and 
subsequently  washed  away,  the  pigment  Prussian  blue  and  chromate  of  lead,  also  the 
Brazil  lake,  are  left  fixed  in  the  discharged  place. 

PENCIL  Blub. — ^Before  the  introduction  of  steam  blues  and  the  species  of  indigo  blues 
termed  fast  blues,  the  only  blue  that  could  be  introduced  into  dy^  prints  was  a  solu- 
tion of  deoxidised  indigo,  dissolved  in  caustic  alkali :  this  at  first  was  applied  by  the 
printer  with  a  small  fiat  bit  of 

wood  termed  a  pencil ;  he  dipped       /        V  890 

this  in  the  blue  colour,  ana  in- 
stantly applied  it  to  the  proper 
parts  of  the  pattern,  thus  the 
colour  arrived  at  the  cloth  before 
it  had  time  to  oxidise  and  the 
indigo  to  become  insoluble.  It  is 
evident  that  this  process  was  one 
of  extreme  dumsinees,  as  it  re- 
quired skill  to  apply  the  blue  just 
to  the  proper  places,  and  an  ap- 
paratus for  applying  the  blue, 
still  called  pencil  blue,  was  at  last 
devised.  It  consists  of  a  copper 
case  or  box  ▲,  (fig.  390)  in  whicn  is 
laid  a  firame  b,  filled  with  pretty  stout  canvas.  The  box  communicates  by  a  tube  with 
the  cistern  o,  mounted  with  a  stopcock  d.  Fig,  391  represents  Hie  apparatus  in 
plan :  a,  the  box ;  b  the  canvas ;  with  its  edges  aaaa^  fixed  by  pin-points  to  the 
sides.  The  coloured  is  tetred^  or  spread  even,  with  a  wooden  scraper  as  broad  as  the 
canvas.  In  working  with  this  apparatus,  the  colour  being  contained  in  the  vessel  c 
is  drawn  off  into  the  case  a,  by  opening  the  stopcock  D,  till  it  rises  to  the  level  of  the 
canvas.  The  instant  before  the  printer  daubs  Uie  block  upon  the  canvas, 
the  teerer,  hoj  or  girl,  runs  the  scraper  across  it  to  renew  its  surface ;  and  the 
printer  immediately  transfers  the  colour  to  the  doth.  In  this  kind  of  printing  great 
skill  is  required  to  give  even  impressions.  As  the  blue  is  usually  applied  to  somewhat 
large  designs,  it  is  very  apt  to  run ;  an  inconvenience  counteracted  hy  dusting  fine  dry 
sand  upon  the  doth  as  soon  as  it  is  blocked.  The  goods  must  be  washed  within  24 
hours  after  being  printed. 

Pendl  blue,  before  the  int»)ductaon  of  Ohina  blues,  was  printed  by  cylinder  with  a 
doctor-box. 

No.  226.  Pencil  Blue, — 10  gallons  of  pulp  of  indigo,  containing  40  lbs.  indigo,  40  lbs. 
yellow  orphnent,  11 J  gallons  of  caustic  soda  at  70®  T.,  \^  gallons  of  water,  4  lbs. 
lime ;  boil  till  quite  yeUow,  when  spread  on  glass ;  let  settle  and  thicken  the  dear  with 
120  lbs.  gum-Senegal. 

Pieces  printed  in  pendl  blue  are  washed  in  water  immediately  after  drying  and  some- 
times soaped  a  little.  Mr.  Bennett  Woodcroft,  struck  with  the  waste  of  in^go  attending 
the  printing  of  either  China  blue  or  pendl  blue  some  few  years  ago  invented  and 
patented  a  method  of  printing  pencil  blue  by  the  cylinder  machine.  His  plan  was  to 
attach  to  an  ordinary  single-cdour  machine  an  India-rubber  apparatus  which  enve- 
loped the  colour-box  and  piece  after  printing :  this  apparatus  was  filled  with  coal-gas ; 
a  glass  plate  formed  part  of  the  long  bag  through  which  the  piece  travelled  after  printing, 
so  as  to  enable  the  printer  to  see  the  progress  of  his  work.  By  this  means  the  de- 
oxidised iiidigo  was  feiirly  applied  to  the  doth,  and  oxidation  only  ensued  when  the 
piece  left  the  apparatus.  The  saving  of  indigo  was  said  to  be  considerable,  but  the 
plan  was  not  generally  adopted. 

Pencil  blue  is  sometimes  printed  along  with  garandn  mordants  and  dyed  garancin. 
^Ilie  blue  withstands  the  ^dng  and  dei^ng.    In  America  it  is  often  thus  printed. 

Safflowes  Dtbiwo. — lliQ  beautiful  but  fugitive  colouring  matter  of  safflower  is 

iiu2 
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fippHed  in  the  piintiiig  for  dyeing  a  self-colour,  generally  after  tiie  go(^ 
in  black  and  red  mordant,  or  black  alone,  and  dyed  madder  or  garandn.  It  is  com- 
monly nsed  for  cotton  Telyetfl,  the  colour  given  to  yelyet  appearing  reiy  brilliant  from 
the  nature  of  the  doth.  The  process  is  as  follows : — Saffiower  contains  two  distinct 
colouring  matters ;  one  yellow,  being  soluble  in  water ;  and  the  other  pink,  insoluble  in 
water,  the  latter  only  being  valuble.  The  yellow  matter  is  therefore  carcKtully  washed 
away.  To  effect  this,  the  safflower  is  put  into  canvas  bags,  4  lbs.  in  a  bag,  and  these 
bags  put  into  running  water  and  occasionally  trodden  upon  till  the  water  runs  off 
perfectly  colourless  from  them.  12  of  these  bags  are  then  emptied  into  a  cask  with 
90  gallons  of  water  and  10  quarts  of  pearlash  5quor  at  24^  T.,  stirred  up  for  2  hours 
after  standing  all  night,  drain  off  the  Hquor,  add  90  gallons  more  water  and  Z  pints  of 
pearle.sh  liquor ;  stir  up  well,  and  after  standing  for  three  hours,  drain  off  again ;  this 
weak  liquor  is  sayed  for  putting  on  fresh  safflower:  about  30  ^lons  of  the  safflower 
solution  is  put  in  a  tub  mounted  with  a  wince  over  it,  and  a  mixture  of  vinegar  and 
lime-juice  is  added  to  it  till  it  is  feebly  acid  to  test-paper.  The  carthamic  acid,  a  red 
colouring  matter  of  safflower,  is  thus  precipitated,  and  remains  as  an  exceedingly  fine 
powder  in  suspension  in  the  liquid ;  2  pieces  of  80  yards  of  yelyet  are  put  in  and 
winced  backwards  and  forwards  flye  times,  then  wound  upon  the  reel  and  allowed  to  stay 
there  half  an  hour,  then  wince  fiye  times  more,  wind  up  agun  and  let  stay  half  an  hour ; 
wince  again  fiye  times  and  wind  up  again ;  run  off  Uie  liquor  and  put  in  30  gallons  oi 
fresh  liq^uor  and  acid  as  before ;  repeat  the  process  windng  three  times  of  five  ends  each, 
and  letting  lie  wound  on  the  reel  half  an  hour  each  time;  then  take  out  and  wince  in 
yery  dilute  acetic  acid,  h3rdro-extract»  and  dry.  The  pieces  when  wound  on  the  reel 
should  be  opened  out  flat  or  they  might  be  uneven.  Oarthamic  acid,  being  of  a 
resinous  nature,  has  the  property  of  atti^ng  itself  to  cloth,  and  dyeing  it  a  beautiful 
pink  like  the  petals  of  a  rose :  this  dye  is  very  fugitive,  strong  sunlight  even  being 
usurious  to  it.    There  has  been  no  way  yet  discovered  of  making  it  permanent. 

MuBEXiDE. — The  purpurate  of  ammonia,  or  murexide,  was  discovered  by  Liebig 
and  Wohler  in  1838,  and  in  its  pure  state  is  one  of  the  most  beautiful  products  of 
chemistry.  It  is  a  crystalline  substance  of  a  beautiful  metallic  green,  like  the  wings 
of  the  cantharides  fly,  and  is  produced  when  uric  add  is  dissolved  in  dilute  nitric  add, 
the  solution  evaporated  somewhat,  and  ammonia  added ;  firom  the  beautiful  crimson 
liquid,  murexide  crystallises.  This  substance  had,  until  a  short  time  ago,  no  practical 
application.  M.  Albert  Schlumberger  discovered  that  metallic  insoluble  salts,  pos- 
sessing  all  the  brilliancy  of  the  original  substance,  could  be  made ;  and  this  fact  was 
soon  applied  to  a  practical  use  by  the  iErench  chemists,  who  succeeded  in  fixing  a 
beautlml  murexide  crimson  upon  cotton  doth.  The  process  was  patented  in  Uiis 
country  for  Erendi  interests  in  February  18d7i  &nd  was  for  some  tame  in  extensiTe 
use.    The  process  is  as  follows : — 

Print  in  the  colour. 

No.  227.  1  gallon  water,  4  lbs.  nitrate  of  lead,  1  lb,  murexide,  1 J  lb.  starch ;  boiL 
After  printing,  hang  a  few  hours,  then  run  through  a  dstem  with  rollers  above  and 
below,  and  provided  with  a  cover,  through  apertures  in  which  the  pieces  enter  and 
leave.  This  dstern  is  kept  sullied  with  ammoniacal  gas ;  on  leaving  this  dstem  they 
pass  into  water,  and  from  that  into  a  cistern  charged  with  2  lbs.  bichloride  of  morcui^, 
4  lbs.  acetate  of  soda,  I  lb.  acetic  add,  80  gallons  water ;  run  yery  slowly  through  this, 
wash  and  dry.  In  the  first  operation  purpurate  of  load  is  formed  on  the  doth,  and 
in  the  second,  or  changping  bath,  the  lead  is  wholly  or  partly  removed,  and  oxide  of 
mercury  left  in  its  space ;  the  resulting  lake  is  a  colour  of  great  brilliancy  and  purity, 
.so  much  so  that  few  of  the  ordinary  colours  wiU  bear  to  be  looked  at  along  with  it 
Though  perfectly  fast  as  to  soap,  it  appears  that  strong  sunlight  is  rather  ii^jurious  to 
its  permanency. 

This  colour  is  now  of  historical  interest  only,  aniline  magenta  having  entirely 
rendered  it  obsolete. 

A  few  outline  illustrations  of  the  various  madder  styles  will  render  them  more  dear. 

1  a.  Blade,  2  reds,  purple  and  brown  on  white  groimd.  Print  by  machine  in 
<x>lour8  4,  6,  6,  9,  27,  (No.  12  shade)  and  18;  age  8  nights ;  fly-dung  at  160°  F., 
second  dung  at  160°  F.,  wash  and  dye  with  French  or  Turkey  madder,  bringing  to 
boil  in  If  hour,  and  boiling  ^  hour;  wash  and  soap  twice  at  180°  F.,  wash ;  chloride- 
x>f-lime  l»th  (see  No.  1  plate  purples),  wash  and  dry. 

1  b.  Black,  red,  white  and  brown  flgures,  covered  in  purple.  Print  in  cdours, 
4, 11,  34,  and  18 ;  when  dry,  cover  with  a  fine  pattern  in  27.  (12  shade) ;  age  3  ni^ts ; 
fly  dung  at  170°  F.,  second  dung  at  160°  F. ;  wash,  dye,  and  dean  as  1  a. 

1  c.  Print  in  colours  6,  7  (No.  3  shade),  84 ;  dry  and  cover  in  7,(6  shade)  and  blotch 
(or  pad  with  a  roller  engraved  with  a  pin,  which  has  the  effect  of  giving  a  uniform 
shade)  in  7  (10  shade) ;  age  three  nights,  and  treat  as  described  un&r  the  head  8wis9 
Pinles, 

1  d.  Some  printers  prefer  to  mordant  for  Swiss  pinks  with  alkaline  mordants,  oon* 
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■iderinjG^  tha  compositioii  of  the  oolonra  to  be  a  gnaiantee  against  their  oontaining^ 
iron ;  in  snch  case,  they  print  in  colours  31,  32,  and  35,  coyering  in  paler  shades 
of  82  after  dyeing ;  fly-dnng  with  8  cwts.  cow-dung,  12  lbs.  sal-ammoniac,  1,000  gallons 
water  at  110^  F. ;  second  dung  with}  cwt  cow-dung  at  110^  16  minutes ;  wash  and  dye 
as  for  1  0.  In  this  method  of  mordantinf^r  the  aluminate  of  soda  that  has  escaped  de- 
composition by  the  carbonic  add  of  the  air  is  decomposed  by  the  muriate  of  ammonia, 
and  alumina  precipitated  on  the  doth. 

2  a.  Black,  chocolate^  red,  and  brown  on  white  ground.  Print  in  colours  5, 18 
(6  shade),  14,  and  22 ;  age  3  or  4  nightis ;  fly-dung  at  160^  F.,  second  dung  at  160°  F., 
and  dye  with  chocolate  garandn  or  garanceuz  (see  p.  638). 

2  K  Black,  chocolate,  red,  and  purple.  Print  as  2  b,  but  dye  with  purple  garandn 
(see  p.  638)* 

3  a.  For  chintz  work  treat  as  1  a,  then  in  the  parts  of  the  pattern  meant  for  ground- 
ing-in,  block  the  colours  118  yellow,  119  peen,  and  110.  If  the  pattern  is  such  as 
to  adinit  of  it,  all  these  colours  may  be  pnnted  at  once  from  one  block,  using  the  toby- 
ing  sieve,  p.  685 ;  the  colours,  however,  for  this  method  must  be  thickened  with  gum ; 
steam,  &c,  as  described  for  steam  colours. 

3  6.  Black,  2  reds,  blue,  green,  and  yellow  covered  in  drab,  or  other  shades.  Print 
in  4,  6,  and  7 ;  dye,  &c,  as  1  a ;  block  in  colour  38  with  a  block  which  covers  aU  the 
pattern,  and  also  those  portions  which  are  intended  for  the  steam  colours :  when  this 
paste  is  dry,  cover  by  madiine  in  any  of  colours  40  to  47,  age  2  or  3  nights ;  fly-dung 
at  160°  F.,  second  dung  at  160^  F.,  and  dye  with  bark,  or  bark  and  logwood  or 
cover  in  colour  48,  and  dye  madder  and  bark  as  dir:  a  (p.  642)  for  chocolate ;  or 
cover  in  colour  49  or  61,  and  after  drying  and  ageing,  windng  in  chalky  water ;  or  in 
any  of  colours  66,  56,  or  67t  rinsing  in  carbonate  of  soda  liquor  at  6°  T.  when  dry. 
After  obtaining  the  ground  shade  by  any  of  these  processes  and  drying,  ground  in  by 
block  colours  118,  119,  and  110,  steam,  wash,  and  dry. 

3  0,  For  furniture  hangings,  which  are  generally  printed.in  large  groups  of  flowers, 
a  very  pretty  pea-green  ground  is  often  blocked  in  as  groundwork,  which  is  made  and 
fixed  as  follows : — 

No.  228»  Pea- Green. — (a)  Standard:  6 lbs.  sulphate  of  copper,  1  gallon  water, 
4  lbs.  brown  acetate  of  leaa ;  dissolve,  let  settle,  and  use  the  dear.--(6)  Colour,  2 
measures  of  standard,  1  measure  of  7-lb.  gum-Senegal  solution. 

After  printing,  age  two  nights,  and  pass  through  a  dstem  with  roller,  set  with 
caustic  potash  liquor  at  16°  T.,  which  h&a  8oz.  per  gallon  of  arsenious  add  dissolved 
in  it.    The  liouor  should  be  heated  to  110°  F. ;  out  of  this  wash  and  dry. 

8  d.  Instead  of  blocking-in  steam  blue  and  green,  fast  blue  and  green  are  introduced 
where  the  colours  are  required  to  be  particularly  permanent ;  colours  62  or  63  or  both 
are  blocked-in  and  raised  as  follows : — 6  stone  dstems,  each  mounted  with  a  hand 
reel,  and  containing  about  200  gallons  each,  are  set  with  carbonate-of-soda  liquor. 
No.  1  at  7°  T.,  No.  2  at  6°T.,  No.  3  at  5°  T.,  No.  4  at  4°  T.,  and  No.  6  at  3°  T. ; 
wince  10  times  backwards  and  forwards  in  each  pit,  beginning  with  No.  1,  and  ending 
with  No..  6 ;  wince  in  water  and  wash.  The  change  that  takes  place  here  is  similar 
to  that  in  raising  China  blues.  The  indigo  is  maintained  in  a  deoxidised  state  by  th« 
^toxide  of  tin  formed,  until  it  has  fixed  itself  in  the  doth  hj  reoxidation  in  the  air. 
where  fast  green  has  been  printed,  the  pieces  are  winced  in  bichromate-of-potash 
liquor  at  4°  T.  for  10  minutes,  then  washed  and  dried. 

3  e.  Black  and  purple  and  white  with  buff  ground.  Print  in  4  and  27  Q  2  shade), 
age,  dun^,  and  dye,  &.,  as  directed  for  plate  purples  (p.  635) ;  block  over  the  pattern 
and  portions  of  the  unjointed  part  the  paste  No.  39 ;  blotch  with  pad  roller  in  No.  63 
(6  shade),  dry  and  raise  as  follows  :^Wince  14  minutes  in  caustic  soda  at  2°  T.  at 
110°  F.,  then  wince  the  water  till  quite  buff,  then  wince  in  400  gallons  water  with  1 
quart  chloride  of  lime  at  12°  T.  10  minutes ;  wash  and  dry. 

SUk'PrmHng. 

Silk,  in  its  capadty  for  recdving  colours,  holds  a  medium  place  between  cotton  and 
wooL  From  its  being  an  animal  substance,  it  is  difficult  to  obtain  white  grounds  or 
objects  after  dyeing  mordanted  silk,  the  silk  itself  attracting  colouring  matter  some- 
what as  a  mordant.  Previously  to  printing  silk,  it  is  well  scoured  bv  boiling  for 
2  hours  with  |lb.  of  soap  to  every  pound  of  silk,  then  well  washed  ana  dried.  For 
handkerdiiefs,  black,  chocolate,  and  red  mordants  are  printed,  aged,  and  dunged^  off 
same  as  for  cottons,  and  dyed  with  madder  or  garandn,  soared,  washed,  and  dried. 
Purples  cannot  be  obtained  on  silk  by  mordanting  and  dyeing  madder,  the  colour 
produced  being  a  mixture  of  red  and  purple.  All  sorts  of  colours  can  be  produced  on 
silk  by  steam,  the  whites  remaining  brilHant.  For  steam  odours,  silk  is  mordanted 
with  tin,  by  steeping  4  hours  in  a  solution  of  sulphomuriate  of  tin  at  2°  T.,  made  b^ 


Digitized  by  VjOQQIC 


662  CALICO-PRmriNG 

diieolyiug  1  lb.  of  intiriate-of-tin  crystals  in  water,  and  adding  1  lb.  of  solplrario  add 
at  170°  T.,  and  reducing  to  2°  T.  After  steeping,  the  silk  is  washed  with  water,  and 
dried.    The  following  are  specimens  of  steam  colours  for  silk  : — 

No.  229.  Black, — 2  gallons  logwood  liquor  at  8°  T.,  1  quart  iron  liquor  at  10®  T., 
1  lb.  flour,  lib.  light  British  gum ;  boil,  and  add  6  oz.  yellow  prussiate  of  potash ; 
cool,  and  add  2  oz.  sulphate  of  copper,  1  pint  muriate  of  iron  at  80®  T.,  ^  pint  pemitiate 
of  iron  at  80°  T. 

No.  280.  Chocolate, — 2  gallons  of  Sapan  liquor  at  12®  T.,  6  quarts  logwood  liquor 
at  12®  T.,  1  quart  bark  liquor  at  16®  T.,  2  lbs.  alum,  1^  lb.  sal-ammoniac,  14  lbs.  gum- 
Senegal. 

No.  281.  Bed.—S  gallons  of  cochineal  liquor  at  4®  T.,  li  pint  bark  liquor  at  12®  T^ 
8  lbs.  starch ;  boil,  then  cool,  and  add  1  lb.  oxalic  add,  1  lb.  muriate-of-tin  dystals. 

No.  282.  Yellow, — 8  gallons  of  bark  liquor  at  16®  T.,  8  oz.  alum,  8  oz.  muriate-of-tan 
crystals,  8  oz.  oxalic  add,  9  lbs.  gum-Senegal. 

No.  288.  Green. — 1  gallon  of  yellow.  No.  232,  i  pint  extract  of  indigo»  2|  oz. 
measure  of  muriate  of  tin  at  120®  T. 

No.  234.  Blue,—1  gallon  of  water,  1  lb.  yellow  prussiate  of  potash,  ^Ib.  oxalic  add, 
i  lb.  tartaric  add,  2oz.  sulphuric  add  at  170®  T.,  1  gallon  of  6-lb.  gum-Senegal  water. 

Amline  colours  for  silk  do  not  require  any  &dng  substance,  such  as  albumen,  the 
Bilk  itself  being  capable  of  combining  with  such  colours.  A  preliminary  mordanting 
with  muriate  or  tin,  thouehnot  essendal,  improyes  the  shades,  and  is  given  as  follows : — 
Wince  the  silk  for  one  hour  in  muriate-of-tin  solution  at  1^®  T„  wince  in  water,  and 
dry.  The  following  colours  will  show  the  exceedingly  simple  nature  of  these  prepara- 
tions : — 

No.285,  Bark  Magenta, — 6  measures  of  3-lb  gum-Senegal  solution,  and  1  of  Simpson's 
No.  2  Boseine. 

No.  286.  Pale  Magenta, — 6  measures  of  8-lb.  gum-Senegal  solution,  and  1  of  Dtak 
Hagenta  colour. 

No.  287.  Blotching  Magenta, — 8  measures  of  3-lb.  gum-Senegal  solution,  and  1 
of  No.  2  Kosdne. 

No.  288.  Bark  Primula, — 20  measures  of  8-lb.  gum-Senegal  solution,  and  one  of 
Hofmann's  Violet. 

No.  289.  Pale  Primula, — 4  measures  of  8-lb.  gum-Senegal  solution,  and  one  of  Dark 
Primula  colour. 

Mauves  are  reduced  the  same  way,  but  using  Hofinann's  Blue  Violet  liquor. 

Artifidal  gums  will  not  do  for  silks,  as  they  leave  the  silk  stiff  and  harsh.  Steam 
as  usual  for  half  an  hour  with  rather  a  low  pressure,  wash  and  dry. 

No.  240.  Aniline  Black, — This  splendid  and  unique  black  was  invented  by  the  late 
Mr.  John  Lightfoot,  of  Accrin^n,  in  1 859,  and  patented  in  January  1868.  This  black, 
when  developed  on  the  doth,  is  una£^ted  by  light  or  soap.  Strong  adds  merely  torn  it 
dark  green,  £h.e  black  colour  being  restored  in  all  its  intensity  by  alkalis.  Strong  hypo- 
chlorite-of-lime  solution  turns  die  black  into  a  chocolate  or  dark  brown,  but  long 
washing  with  water  restores  the  black,  with  scarcely  any  loss  of  strength.  It  can  be 
printed  along  with  steam  colours  and  madder  colours,  and  with  lead  oranges  and 
yellows.  There  is  no  colour  that  can  compare  with  it  in  flEistness.  Exposure  to  air 
containing  sulphurous  add  or  sulphuretted  hydrogen  causes  the  black  to  turn  dark 
green,  but  the  black  is  immediately  restored  by  a  passage  in  soap  solution.  For  the 
inrention  of  this  black  Mr.  Lightfoot  received  iJie  gold  medal  of  the  Socidt6  Industrielle 
of  Mulhouse.  The  original  colour  was  the  following: — One  gallon  of  starch  paste  at 
1  lb.  starch  per  gallon,  4  oz.  chlorate  of  potash,  8  oz.  aniline  previously  mixed  with 
8  oz.  measure  of  muriatic  add  of  commerce ;  4  oz.  measure  of  chloride-of-copper  solution 
at  88®  T.,  2  oz.  of  sal-ammoniac.  It  was  soon  found  that  from  its  great  acidity  and  the 
action  of  the  copper  salt  upon  the  steel  *  doctors '  of  the  printing  machine,  this  colour 
was  too  inconvenient  for  general  use.  H.  Cordillot  proposed  in  December  1 868,  a  black 
made  with  ferricyanide  of  ammonium :  which  salt  had,  however,  been  previously 
mentioned  in  Idghtfoot's  spedfication ;  but  the  colour  was  dear,  decomposed  rapdly, 
required  a  high  temperature  for  its  development,  and  attacked  the  fibre  of  tlie  doth, 
inconveniences  which  caused  its  speedy  abandonment.  The  discovery  of  Charles 
Lauth,  of  Paris,  that  sulphide  of  copper  used  in  place  of  chloride  of  copper,  whilst 
being  nearly  unacted  upon  by  the  other  ingredients  of  the  colour  until  the  printing 
had  been  p^formed,  underwent  speedy  decomposition  when  on  the  doth,  and  a  soluble 
copper  salt  was  formed  by  oxidation  of  the  sulphide  by  the  chlorate  of  potash,  gave 
the  crowning  impetus  to  this  colour,  and  its  use  became  universal  by  printers.  Hie 
action  of  the  hyorochlorate  of  aniline  upon  the  steel  *  doctors '  still  proving  an  inoon- 
venience,  M.  Camille  Koechlin  substituted  tartrate  of  aniline  for  the  hydrochlonite, 
adding  chloride  of  ammonium,  in  order  to  decompose  this  tartrate  when  upon  the 
doth,  and  reproduce  hydrochlorate  of  aniline,  which  salt  is  essential  for  the  proper 
development  of  the  black.    The  modified  colour  of  C.  Kcechlin  is  still  lazgely  used  in 
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Vnnee,  and  the  redpe  for  it  m\X  be  fonnd  below.  James  Higg^n  patented  snbse- 
q[aentl7  the  employment  of  salta  of  oxide  of  chromium,  snch  as  tungstate,  arseniate, 
&e.,  mixed  with  an  insoluble  copper  salt,  such  as  arseniate  ortungstate,  hydrochlorate 
of  aniline  and  chlorate  of  potash  being  used  along  with  them.  In  this  colour  the 
dirome  oxide  acts  as  a  carrier  of  oxygen,  chromic  acid  being  formed  and  instantly 
decomposed  again  by  the  aniline,  some  chloride  of  copper  being  also  formed  by  the 
mntoai  reaction  of  the  hydrochlorate  of  aniline,  and  the  arseniate  of  copper  further 
assists  in  the  reaction.  This  black  has  been  and  is  largely  used.  There  is  still  some 
action  of  this  colour  upon  the  *  doctor,'  and  there  is  a  liability  of  tendering  the  cloth 
when  printed  in  heayy  masses.  To  prevent  any  action  upon  the  steel '  doctors,'  Higgin 
patented  the  use  of  the  disulphocyanide  of  copper,  a  substitute  for  the  sulphide  of 
oopper  of  Lauth,  it  having  been  found  that  under  some  conditions  of  printing  the 
sulphide  of  copper  was  decomposed  and  a  soluble  copper  salt  formed  in  the  fumishing- 
box  of  the  printing  machine,  and  even  sometimes  in  the  colour  before  being  put  in  the 
fumishing-box.  The  disulphocyanide  of  copper  is  perfectljr  insoluble  in  hydrochloric 
add,  and,  of  course,  equally  so  in  the  hydrochlorate  of  aniline ;  there  is  no  soluble 
oopper  salt  f<n*med  undl  the  colour  is  printed  and  dried.  This  colour  has  boon  and 
is  still  very  extensively  used.  The  most  recent  improvement  is  that  patented  by 
Li^tfoot  in  1871.  Chlorate  of  soda  or  ammonia  is  used  instead  of  chlorate  of  potash 
and  a  mudi  larger  proportion  of  aniline  is  used  than  in  former  colours,  this  being  not 
quite  neutraliacd  by  hydrochloric  add,  making,  as  the  patentee  says,  a  basic  sadt  of 
anilhie ;  the  chlorates  of  soda  and  ammonia  being  much  more  soluble  than  the  potash 
salt,  allows  a  larger  quantity  to  be  used.  Sulphide  of  cop^  is  the  copner  salt  used 
in  this  black.  The  patentee  claims  that  no  injurious  action  on  the  '  doctor '  takes 
place  in  printing  this  colour,  and  that  patterns  of  any  size  and  body  can  be  printed 
without  tendering  the  fibre,  also  that  the  intensity  of  the  black  is  so  great  owing  to 
the  large  quantity  of  aniline  used,  that  it  resists  the  action  of  a  sulphureous  atmo- 
sphere like  that  of  manufacturing  towns  longer  than  other  blacks.  Lightfoot  proved 
by  several  experiments  that  the  only  met^  whidi  develope  aniline  black  m>m  a 
mixtnre  of  hydrochlorate  of  aniline  and  chlorate  of  potash  are  vanadium,  copper, 
uranium,  and  iron.  Thdr  activity  is  in  the  order  in  which  they  are  here  placed. 
The  blade  from  iron  salts  is  not  nearly  so  good  as  that  from  oopper,  and  practically  a 
good  blade  can  only  be  made  where  a  copper  salt  is  employed.  The  exact  reactions 
set  up  in  the  aniune-black  colour  have  not  been  yet  satisfactorily  explained.  M. 
Brandt^  in  a  paper  recently  read  before  the  Sod^t6  Industrielle  of  Mulhouse,  asserts 
that  there  are  two  distinct  blacks,  one  of  them  of  a  brownish  shade  and  the  other  of  a 
blue  shade,  and  that  a  black  of  the  best  and  most  solid  appearance  is  a  mixture  of  the 
twobladu. 

No.  241.  C,  KcBohlin*8  Black,^20  lbs.  of  starch,  20  lbs.  dark  British  gum,2^  gallons 
of  aniline,  2^  gallons  of  water,  beat  up  well  together,  and  add  the  following  solution  : 
8  gallons  of  water,  11  lbs.  chlorate  of  potash,  11  lbs.  of  sal-ammoniac ;  b^  all  well 
fbr  1|  hour  and  cool,  then  add  1  gallon  of  sulphide-of-copper  paste.  When  about  to 
print,  add  to  every  gallon  of  the  above  colour  22  os.  of  tartaric  add,  dissolved  in 

1  pint  of  hot  water,  it  must  be  added  gradually,  and  well  stirred  in.  This  is  a  very 
disagreeable  colour  to  make,  and  a  quantity  of  the  aniline  is  boiled  aS,  The  sulphide 
of  copper  is  made  as  follows : — 

A.  2  quarts  of  caustic  soda  solution  at  70^  T.,  1  lb.  of  flour  of  sulphur,  dissolve 
by  constant  stirring ; 

B.  9  gallons  of  water,  6\  lbs.  sulphate  of  copper,  heat  to  170^  F. 

Add  A  to  B,  stirring  well,  let  settle  and  wash  by  decantation  4  times,  filter  to 

2  quarts  of  paste. 

Ko.  242.  ffiapn*8  DisiUphoct/anide^f'Chpper  Black, — 1  gallon  of  water,  1  lb.  wheat 
starch,  1  lb.  <£urk  British  gum,  2  oz.  of  (usulphocyanide  paste,  boil,  and  add  8  oz. 
chlorate  of  potash,  cool,  and  add  1  lb.  of  hvdrochlorate  of  aniline. 

No.  248.  UghtfoofB  (McraU^f-QBda  Black,— I  gallon  of  chlorate  paste,  No.  244 
48  02.  measure  basic  hydrochlorate-of-aniline  solution,  No.  246,1  pint  sulphide  of  copper 

No.  244.  Chiorate  Paaie.^K^  gallons  of  water,  23  lbs.  wheat  starch,  5^  lbs.  sal- 
ammoniac  4  lbs.  chlorate  of  potash,  2  gallons  chlorate-of-soda  solution,  No.  245,  boil 
andcooL 

No.  246.  ChloraU-of'Soda  SoltOion.—l  gallon  of  caustic  soda  solution  at  70^  T.,  18 
quarts  of  water  in  which  has  been  dissolved  7^  lbs.  tartaric  add,  heat  up  to  170^  F., 
and  add  12  lbs.  dilorate  of  potash,  dissolve,  and  add  a  solution  of  7^  lbs.  tartaric 
add  in  6|  quarts  of  water,  stir  till  cold,  filter  and  press  the  sediment  with  a  wdghted 
board,  then  take  it  off  and  mix  with  1^  gallon  of  cold  water,  and  filter  and  press 
again.    Mix  the  filtrates,  and  set  at  28^  T. 

No.  246.  Bath  Eydrocklorate  of  Aniline, — 8  measures  of  aniline  and  6  of  moiiatie 
add  at  84<>  T. 

Aniline  black  unless  bade  should  not  be  hard  dried  after  printing,  but  only  just  enough 
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to  preyent  the  ooioor  ftom  maiking  off  on  the  white  grounds.  The  pieces  should  not 
be  passed  through  the  ageing  machine,  but  hung  up  in  a  slightly  moist  atmosphere  at 
about  70^  F.,  for  about  24  hours ;  when,  if  the  colour  has  assumed  a  dark  myrtle- 
green  shade,  almost  black,  the  goods  are  read;^  for  raising.  If  only  black  has  been 
printed,  the  goods  are  passed  through  milk  of  lime,  or  solution  of  carbonate  of  soda  at 
2  oz.  per  gallon,  at  160°  F.,  washed  and  dried ;  or  they  may  haye  a  passage  a^rwaids 
in  weak  hot  solution  of  bichromate  of  potash,  which  giyes  a  browner  shade  of  black ; 
or  they  may  be  raised  by  a  passage  in  boiling  soap  solution.  If  printed  alonff  with 
lead-orange  (No.  64  a,),  the  process  is  as  foUows : — 1st.  Giye  a  passage  of  half  a 
minute  in  a  liquor  composed  of  2^  lbs.  sulphate-of-soda  crystals,  and  8  oz.  of 
bichromate  of  potash  per  gallon  of  water  at  boil.  2nd.  Wince  in  cold  water.  3rd. 
l^^ce  in  a  liquor  composed  of  100  gallons  of  boiling  water,  1  gallon  of  bichromate  of 
potash  solution  at  18°  T.,  24  oz.  measure  of  caustic  soda  solution  at  70°  T.  Keep  the 
coods  in  until  the  orange  is  well  dyed,  then  wince  in  cold  water  and  soap  at  160°  F. 
for  i  hour,  in  a  soap  solution  containing  2  lbs.  of  soap  to  100  gallons  of  water,  then 
waw  and  dir. 

When  aniUne  black  is  printed  along  with  madder  mordants,  the  ordinary  dunging 
process  raises  the  black  at  the  same  time  as  it  prepares  the  mordants  for  dyeing. 

Printed  along  with  colours  intended  for  steaming,  a  passage  in  o-mmnni^  yapour  is 
giyon  to  the  goods  after  ageing  and  before  steaming;.  This  is  necessary  in  order  to 
neutralize  the  add  in  the  blade,  which  would  tender  the  fibre,  if  not  neutralised. 
This  ammonia  passage  is  giyen  in  a  rectangular  box,  which  is  7  feet  long,  4  feet  wide, 
and  6  feet  deep ;  proyided  with  rollers  at  the  top  and  bottom ;  a  lining  of  sheet  lead 
for  about  6  inches  deep,  is  put  in  the  bottom  of  tne  box ;  a  steam-pipe  is  placed  along 
the  bottom  of  the  box,  lengthwise,  down  the  centre,  a  smaller  pipe  is  placed  along  the 
steampipe,  on  the  top  of  it;  this  ppe  is  perforated  with  smaller  holes.  A  lid  coyers 
the  whole  of  the  box,  excejpt  a  sht  tiirough  which  the  peces  enter,  and  another  by 
which  they  leayo  after  passing  up  and  down  oyer  and  under  the  rdlers.  Steam  being 
turned  on  the  pipe,  liquid  ammonia  is  allowed  to  run  into  the  small  pipe  from  a 
reseryoir  outside,  and  to  issue  from  the  perforations,  dropping  on  the  steam-pipe. 
The  pieces  are  now  passed  through,  and  are  then  ready  for  steaming. 

The  last  operation  in  calico-printing  is  what  is  called  the  Finishing,  which  com- 
prehends starching,  droning,  breadthening,  calendering,  measuring,  and  making-up. 
Olie  stardiing  is  a  yery  important  operation,  simple  as  it  may  appear,  in  consequence 
of  the  extremely  yarying  requirements  of  tiie  print  buyers.  A  yariety  of  stardies  are 
used,  differing  in  the  nature  of  the  paste. they  giye  when  boiled  with  water,  some 
being' gummy,  and  others  firm  and  stiff,  and  at  idl  degrees  between  the  two.  Com- 
pounded starches  adapted  to  difi&rent  styles,  are  made  and  sold  by  the  manufacturing^ 
chemists. 

Fig.  892  is  an  eleyation  and  plan  of  a  finishing  room  for  calicoes,  as  anaoged  by 
Hather  and  Piatt :  a,  circular  boxes  for  receiying  doth ;  b,  wince  for  drawing  doth 
from  the  squeezers  in  the  dye-house ;  c,  opening  wince  for  Uie  doth  firom  the  Iwxes  to 
the  drying  machine ;  d.  diying  machine ;  b,  <^oring  machine ;  f,  steaming-box ;  o, 
water-mangle ;  h,  drying-machine ;  i,  starching-mangle ;  k,  Jones'  patent  back  stiffeidng 
machine ;  j^  drying-machine ;  x,  engine  and  gearing  for  drying-machine ;  k,  en^e 
and  gearing  for  chloring  axxangement  b,  f,  o,  h  ;  o,  engine  and  gearing  for  starcMng 
arrangement  i,  k,  x. 

Beyeral  details  >rhich  cannot  be  shown  in  this  plan,  can  also  be  but  imperfectly 
described  in  words.  The  opening  wince  c,  is  placed  at  a  height  of  30  to  40  feet  aboye 
the  doth-box,  the  higher  the  better,  the  pieces  arriye  in  the  box  a  in  the  form  of  a 
rope ;  before  any  chloring  or  finishing  can  be  done,  this  rope  must  be  opened  out,  and 
the  pieces  presented  to  the  drying-machine  extended  to  the  full  breadth ;  this  is  done 
by  a  boy  too  sits  on  a  platform  near  the  wince,  and  the  piece  gradually  untwistang 
during  its  passage  from  the  box  to  the  wince,  is  pulled  fiat  out  by  the  boy  just  before 
going  oyer  the  wince  o.  Again  the  constant  passage  of  the  |deces  oyer  so  many 
machines  has  pulled  them  lengthwise,  and  consequentiy  diminished  their  breadth. 
To  counteract  this,  and  restore  the  pieces  to  something  like  their  usual  breadth,  a 
peculiar  roller,  called  a  spreading  roller,  is  fixed  on  eyery  drying-machine.  The 
'  spreading  roller '  is  composed  of  brass  or  iron  diagonal  saw-tooui  ffrooyed  plates  or 
zans,  each  about  2  inches  wide  and  fths  inch  thick,  and  of  length  according  to  necessity ; 
each  of  these  rails  has  2  small  friction  pullies  at  one  end,  and  2  slide  pieces  in  smt- 
able  places.  The  rails  are  mounted  on  the  periphery  of  discs  and  cams  supported  in 
their  centres  by  a  fixed  shaft ;  the  discs  are  preparea  with  grooyes  to  correspond  with 
the  2  slides  in  each  rail,  and  work  on  the  shaft  by  the  pull  of  the  doth.  Ilie  cams 
are  fixed  at  a  yariable  angle,  and  giye  a  throw  causing  a  longitudinal  motion  of  the 
lails,  to  open  out  the  doth  whilst  passing  oyer.  The  doth  enters  into  contact  with 
the  spreader  when  the  rails  are  dosed  and  leayes  it  at  the  opposite  side,  when  tbsy 
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are  widest  apart  or  expanded  longitadinally.    Two  rails  compose  one  width  as 
figa,  393  and  394,  which  are  shown  closed  and  open,  haying  been  moved  right  and 
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by  means  of  the  ezoentric  motion  of  the  cams.    Fig,  395  shows  the  saw  teeth,  diagonal 
giooyee,  of  the  bars.    The  bars  move  each  about  1  inch  outwards  from  the  oentro,  and 
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pall  out  the  doth  to  an  extent  of  2  inches  in  the  width.  An  opening  machine, 
patented  by  WilUam  Birch  of  Salford  in  1871t  in  now  used  by  many  calico-printeia 
and   bleachers.      A   detailed   description   of    this  ^.» 

machine  would  involve  too  many  drawings  for  the  ^* 

size  and  aim  of  this  work :  a  general  idea  alone  of 
it  can  be  here  given.  Fig.  896  is  an  end  eleva- 
tion, and^.  397  a  nlan  of  nart  of  the  machine.  The 
side  finmes  a  of  the  macnine  are  bolted  to  upright 
beams  b,  or  other  fiamework  at  the  u^er  part  of 
the  building  or  other  required  place,  and  the  fabric 
to  be  acted  upon  is  drawn  through  the  machine  firom 
vats,  receptacles,  or  other  places  at  the  lower  part 
of  the  building,  by  its  being  connected  to  the  diy- 
ing,  folding,  or  other  machine  to  which  they  require 
to  go.  In  bearings  at  the  top  of  the  ftames  a  there 
is  a  shaft  o  carrying  a  roUer  d  and  bevel  wheels  e, 
which  gear  into  other  bevel  wheels  /  on  shafts  g,  to 
which  are  fixed  spur-wheels  h  gearing  into  spur- 
wheels  i  on  stationary  studs  k.  To  the  spur-wheels 
are  cast  or  fixed  chain-wheels  I,  and  on  studs  at  the 
back  there  are  chain-wheels  m,  and  on  cranked 
levers  n,o,  chain-wheels  p,  the  levers  working  on  the 
BtationaiT  studs  k.  On  the  several  pairs  of  chain- 
wheels  there  are  two  pairs  of  endless  bands  ^,  hav- 
ing external  projections  r  and  internal  projections 
i,  the  latter  gearing  with  the  chain-wheels,  and 
between  these  endless  bands  the  fabric  to  be  acted 
upon  is  passed,  and  in  order  to  obtain  sufficient  grip 
the  external  projections  on  one  of  each  pair  of  bands 
passes  between  those  on  the  other,  and  to  prevent 
the  bands  &om  bulging  inwards  there  are  plates  t, 
one  plate  at  each  side,  being  connected  to  the  arm 
f»,  and  the  other  plate  at  each  d^de  to  a  bracket  u 
connected  to  one  of  the  cross  frames. 

When  the  fabric  has  to  be  opened,  spread,  and 
guided,  it  is  passed  between  the  endless  bands  and 
uie  single  and  double  corrugated  bars,  and  over  the 
roller  d  to  the  machine  reqmred,  the  central  corru- 
gated bar  having  been  raised,  to  allow  the  passage 
of  the  fabric,  the  bolts  bdng  withdrawn  m>m  the 
slots  for  the  purpose ;  but  when  the  connections  are 
complete  the  central  bar  is  turned  down  and  after- 
waros  bolted.  When  the  machine  to  which  the  fabric 
is  connected  is  set  to  work,  the  fabric  in  its  passage 
turns  the  roller  d,  which  gives  revolving  motion 
to  the  gearing  and  horizontal  travelling  motions 
to  the  endless  bands  £eom  the  centre  to  the  outside 
where  they  are  in  contact  with  the  fabric,  and  these 
outward  motions  of  the  bands  open  and  spread  out 
the  fabric 

The  machine  has  also  a  very  ingenious  self-acting 
arrangement  for  keeping  the  cloth  from  swerving 
to  either  side  during  its  passage  through ;  but  a 
description  of  it  would  be  too  elabOTate  for  this 
work.  Every  machine  saves  the  labour  of  a  boy  or 
girl.  The  drying-machine  will  be  found  described 
in  the  article  Blbachino.  To  extend  the  pieces  to 
their  utmost  width  a  machine  called  a  breadthen- 
ing  machine  is  employed.  Fig.  398  is  Mather  and 
putt's  belt-stretching  machine:  a  is  the  framing; 
B,  moveable  frame,  supporting  the  breadthening 
pullies  and  belts,  regulated  for  breadthening  by 
screws ;  o,  hollow  bars,  on  which  frame  b  slides,  and 
through  which  the  screws  for  regulating  work ;  d, 
breadthening  pullies ;  b,  tightening  pullies  for  end- 
less belts ;  F,  endless  belt,  which  works  half  round 
pulley  D  and  pullies  b,  aad  between  the  pulley  p  and  the  belti  the  doth  is  hdd 
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whilo  being  breadthened ;  o,  cloth  passiDg  tbiotigli  the  machine ;  h,  batching  ap* 
paratuB ;  i,  plaiting  apparatus,  the  machine  being  prepared  to  either  plait  or  batch ; 
<..Q  X,  driving  pullies.    For  some  descriptions 

of  goodS)  such  as  furniture  pdnts,  a  glaz- 
ing calender  is  employed.  J^.  899  is  an 
elevation  of  Mather  and  Piatt  s  calender 

A,  the  framing  with  levers,  screws,  &c 

B,  metal  bowl  heated  by  steam  or  gas 
c,  paper  or  cotton  bowls ;  d,  entering  rails, 
&c.;  B,  batching  apparatus ;  f,  dotii  pas- 
sing through  the  machine,  l^e  finctiozi 
of  the  heated  metal  bowl  against  tho 
doth,  pressing  against  the  la^er  bowla 
gives  a  glaze  to  the  doth.  Pieces  have 
now  to  be  made  up  in  folds  of  uniform 
length,  generally  about  a  vard.  This 
operation  is  done  by  girls  hooking  one 
selvage  of  a  piece  bad:wards  and  for- 
wards on  long  steel  hooks,  fixed  on  a 
wooden  frame,  standing  about  4  foot  6 
inches  from  the  groiuod;  these  hooks 
are  moveable,  so  as  to  g^ve  various 
lengths  of  fold  as  isquized.    Plaiting  and 

100 
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measuring  znadunes  hare  been  introdnoed  to  economise 
labour.  Fig,  400  is  Knowles  and  Hayward's  plaiting 
machine,  of  which  Mather  and  Flatt  are  the  sole  makers. 
It  will  plait  goods  of  any  quality  or  material,  from  the 
heayiest  drill  to  the  finest  muslin,  howerer  highly  glazed, 
laying  them  in  folds  of  uniform  length,  which  can  be 
yaried  as  required :  a  is  the  framing  of  the  machine ;  b, 
fixed  table  on  which  the  doth  is  plaited ;  c,  cams  for  lift- 
ing the  folding  blade,  to  which  are  also  attached  the  cards 
for  holding  cloth,  rising  as  the  thickness  of  the  folds 
increases;  d,  folding  knives,  moving  longitudinally  to  make 
the  fold,  and  vertii^ly  as  the  thickness  of  the  folds  in- 
creases on  the  table ;  b,  spring  for  relieving  the  pressure 
of  the  cards  on  the  doth  whilst  it  is  being  passed  under 
the  cards  which  hold  it  on  the  return  of  tne  blade;  F, 
rack  motion  and  compensating  chains  and  weights  for  cams, 
cards,  and  folding  blades ;  o,  lovers  and  quadrant  raising 
the  cams,  cards,  &c.,  when  taking  out  doth  nommachine ;  H, 
cloth  being  folded ;  i,  draw  rollers  to  give  equal  and  regular 
delivery  of  doth  to  folding  blades ;  x,  driving-pulley,  &c. 
The  next  step  is  to  fold  these  lengths  into  three,  and 
pile  the  folded  pieces  in  an  hydraulic  press,  where  they 
are  pressed,  and  are  then  ready  for  packing  and  delivery. 
Fig,  401  is  a  plan  of  a  modem  print  works,  erected  by 
Mather  and  Flatt ;  a',  the  singe  house ;  b',  grey  room ; 
c',  bleach  house.  The  second  story  contains  me  diying- 
raiachine  after  bleaching ;  d',  white  room,  the  second  stoiy 
being  the  white  store  room;  b',  printing  room,  above  this 
is  the  agdng  machine  and  ageing  room ;  f',  colour  house ; 
o',  finishing  room,  above,  the  drying-maohine  after  the 
dyeing,  &c. ;  h',  dye  house,  single  story ;  i',  boiler  house ; 
A,  singe  stove ;  b,  mixing  cisterns  for  the  kiers ;  c,  kiers ;  b, 
mixing  cisterns  for  chloride  of  lime  and  sours ;  e,  washing 
machines  and  engine ;  F,  squeezers  and  enmne;  o,  chlorins 
and  souring  madiines  and  engine;  h,  white  squeezer  and 
engine;  i,xnling  winces;  K,printing  machines;  L,oolourpan8; 
u,  chloring,  water  mangle,  drying-machine,  and  engine ;  x, 
starch  mangle,  and  dr^ng-machine ;  o,  finishing  oilender 
and  engine ;  p,  friction  calender  and  engine ;  q,  damping 
machine ;  b,  making-up  tables ;  s,  first  dunging ;  t,  second 
dunging;  u,  dyeing;  v,  soaping;  w,  wasldng  machines 
and  engines ;  x,  squeezers  and  engines ;  T,  boilers. 

Since  1840  there  are  no  data  as  to  the  number  of 
printers  in  Great  Britain ;  but  Mr.  John  Graliam,  in 
an  unpublished  *  History  of 
the  Lancashire  Printers,* 
gives  a  table,  which  he  was 
at  considerable  care  to  com- 
pile from  perfectly  trust- 
worthy sources,  showing  that 
"^      H  in  the    Lancashire    district, 

which  includes  also  the  con- 
tiguous counties,  there  were, 
in  1846,  128  firms  employ- 
ing— 

640  cylinder  machines. 

39  perrotines. 
7187  block  tables. 

The  producing  power  of  the 
Lancashire  district  having 
thus  been  doubled  in  6  years. 
Several  printing  firms, 
both  in  England  and  Scot- 
land, have  since  that  period 
much  enlarged  their  powers 
of  production.     There  aro 
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maaj  irho  mftnufkctare  10,000  jneces  of  printed  doth  per  week ;  and  there  are  ioxtr 
oonoerns  of  great  magnitude  \ni08e  united  production  at  the  present  time  TOobably 
does  not  fall  short  of  four  millions  of  pieces  per  annum,  or  nearly  |th  of  the  total 
quanti^  printed. 

Calico,  and  other  printinff  has,  since  the  repeal  of  the  duty,  risen  steadily  in  import- 
ance, till  it  is  now  one  of  the  most  influential  manu&ctnres  of  Great  Britain.  From  a 
table  compiled  by  the  late  Mr.  Binyon,  and  oommunieated  by  Mr.  John  Gbraham,  there 
were  in  1840 : — 


In  Lancashire     . 
„  Scotland 
„  Ireland 
„  America 

Plzms 

Cylinder 
Machines 

Bnrftux) 
Machinee 

Flat 
Freflses 

Dlacharg. 

Block 
Tables 

93 

70 

3 

47 

247 
76 
13 

106 

••* 

82 

1 

12*4 

4865 

4097 

308 

884 

The  following  estimate  of  the  exports  of  printed  goods  is  from  Mr.  Potter's  Lecture 
before  the  Society  of  Arts,  as  reporter  for  printed  febrics  exhibited  in  the  Exhibition 
of  1861:— 

*  In  reference  to  the  exports  of  printed  goods,  our  information  is  lather  obscure, 
owing  to  their  being  classed  with  dyed  goods  of  all  kinds.  After  considerable 
thought  and  calculation,  I  haye  ventured  to  estimate  them  for  1861,  at  16,644,000 
nieces,  or  raUier  more  than  three-fourths  of  our  entire  production.  These  goods  are, 
howeyer,  many  of  them  of  the  cheap  and  more  staple  class  of  prints,  or  sli^t  goods 
suited  to  warm  climates,  and  for  markets  where  cheapness  is  the  great  recommenda- 
tion. In  yalue,  I  should  be  disposed  to  estimate  our  export  of  printed  goods  at 
6,776,000/. 

'  In  reference  to  the  entire  export  of  manu&ctured  cotton  goods  (exdusiye  of  yams), 
it  may  be  assumed  that  out  of  23,447,108/.,  giyen  as  the  export  of  1861,  about  one- 
fourth  may  be  ^aced  to  the  account  for  the  print  trade.  I  have  endeavoured  to  esti- 
mate, from  the  Table  of  Exports  for  1851,  the  probable  quantity  of  hw  priced  prints 
we  export,  and  should  be  disposed  to  class  them  as  follows : — 

PiiBCQB. 

<  Coast  of  A&ica  and  the  Gape        ....  300,000 

Hew  Zealand  and  South  Sea  Islands      .        .        .  36,000 

China,  Manilla,  and  Singapore      ....  550,000 

British  West  Indies 300,000 

Foreign  West  Indies 300,000 

St  Thomas 200,000 

India 1,670,000 

Mauritius  and  Batavia 326,000 

Chili  and  Peru 800,000 

Brazil  and  East  Coast  of  South  America        .        .  1,000,000 

Egypt 84,000 

Turk^,  Ionian  Isles,  Greece,  and  Malta        .  '      .  1,000,000 

Total        .        .       .   6,466,000 

<  I  find  those  countries  which  take  our  lowest  description  of  goods,  and  where  the 
duties  are  chiefly  very  light — our  Colonies,  India  and  China — ^receive  firom  us  about 
6|  millions  of  pieces,  or  about  40  per  cent  of  our  export  in  printed  goods.  A  great 
proportion  of  the  finer  part  of  our  exports,  perhaps  three-fourths,  are  very  seriously 
taxed,  either  for  protection,  as  in  the  United  States,  the  ZoUverein,  and  Belgium,  or 
for  revenue,  as  in  Brazil  and  the  other  South  American  markets.  A  part,  however, 
of  these  better  goods  find  their  way  into  consumption  in  Canada,  Turkey,  the  Ionian 
Isles,  E^rpt,  &c.,  subject  to  very  moderate  duties.' — (^Potter,) 

*  Tlie  nome-consumption,'  says  Mr.  Potter, '  I  estimate  at  4,600,000 ;  the  excise 
returns  for  1880  gave  it  as  2,281,612  pieces.  The  repeal  of  the  duty,  and  the  decrease 
in  tlie  cost  of  production,  giving  the  consumer  goods  in  much  better  taste  and  value  at 
one-half  the  price,  have  greatly  tended  to  this  increase.'  '  The  immense  increase  of 
production  in  lower  goods  has  not  decreased  the  taste  in  the  higher  in  this  country, 
though  it  may  have  caused  it  to  make  less  apparent  progress  than  when  the  larger  part 
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of  the  snpply  was  of  fine  goods.  We  find  specimens  of  good  taste  on  the  lowest  material, 
printed  at  the  lowest  possible  price  for  export,  showing  a  taste  superior  to  that  in  nse 
for  our  best  work  twenty  years  a^,  employing  greater  talent  in  design,  greater  skill 
in  engraTing— the  cost  of  production  cheap,  because  repaid  by  the  quantity  produced. 
This  difihsion  of  art  and  of  a  better  taste  cannot  be  otherwise  than  benefidcJ,  even  to 
the  higher  dass  of  productions,  as  pre^ring  a  taste  and  demand  for  them  in  countries 
where  high  price  would  neyer  have  given  prints  any  admission.  The  improvement 
of  the  lower  cannot  militate  against  that  of  the  higher,  either  in  the  moral,  intellec- 
tual, or  artistic  world.  The  productions  of  the  highest  class  of  French  goods  oi 
to-day,  whether  furniture  or  dresses,  are  superior  in  taste  and  execution  to  those  ot 
any  formw  period.  The  productions  of  the  first-class  printers  of  Great  Britain 
maintain  an  equal  advance,  and  are  superior  in  taste  and  execution,  in  every  respect, 
to  those  of  formw  years.  Great  competition  and  rapidity  of  production  are  not  imme- 
diately beneficial  to  high  finish  and  execution  in  art ;  but  this  tendem^  to  quickness 
of  production,  rather  than  perfection,  rectifies  itself;  and  maduneiy,  which  perhaps 
at  first  does  not  giye  the  polish  that  excessive  labour  formerly  supplied,  ultimately 
exceeds  it  by  its  (£eaper  and  m(»e  regular  application.  It  is  remarkable  how  taste 
or  novelty  in  that  class  of  demand,  which  would  strike  the  casual  observer  as  the  one 
fitted  for  its  greatest  development,  is  limited  in  quantity.  The  limit  or  commencing 
point,  in  which  taste  or  novelty  enters  freely  into  the  composition  of  a  pplnt,  is  for  the 
supply  of  the  working  and  middle  classes  of  society.  Thev  require  it  quiet,  modest, 
and  usefiil;  and  any  deviation,  for  the  sake  of  novelty,  which  calls  in  the  aid  of  the 
brighter  and  less  permanent  colour,  quickly  checks  itself.  The  sober  careM  classes 
of  sodety  cling  to  an  inoffensive  taste,  which  will  not  look  obsolete  and  extravagant 
after  the  lapse  of  such  a  time  as  would  render  a  garment  comparatively  tasteless  and 
unfashionable  in  a  higher  dass.  This  trade  is,  to  the  printers,  most  extensive  and 
valuable,  and  has  its  necessary  and  practical  bearing  on  his  taste ;  and  henoe  it  is  in 
this  branch  of  the  business  the  English  printer  is  most  decidedly  superior  to  bis 
French  competitors.' 

The  returns  given  in  the  *  Annual  Statement  of  the  Trade  of  the  United  King- 
dom' for  our  Export  qflHece  Goods  Printed  in  1872  is  as  follows : — 

Dedaied  real  value, 

Yaidi.  A 

ToBussia 1,880,670  63,626 

Germany 85,284,674  1,706,691 

Holland 20,067,080  476,606 

Belgium 8,688,802  87,041 

France 70,110,278  1,661,046 

Portugal,  Azores,  and  Madeira       .  28,160,470  881,464 

Spain  and  Canaries         .        .        .  10,602,446  218,B11 

Italy 20,128,000  608,644 

Austrian  Territories               .        .  4,007,000  103,048 

Greece 8,876,200  177,889 

Turkey  Proper       ....  116,600,200  2,882,848 

Walladna  and  Moldavia        .        .  3,111,700  68,814 

"Eqypt    ......  80,886,660  740,106 

Morocco. 1,076,100  81,211 

Western  Africa  (Foreign)                .  10,874,087  866,204 

Eastern  Africa  (Kative) .        .        .  788,000  16,868 

Java 12,860,400  216,702 

Philippine  Islands .        .        .        .  3,211,000  70,208 

China     .        .        .        .        .        .  16,812,000  830,066 

Japan 3,884,000  81,861 

United  States  (Atlantic)         .        .  72,347,144  2,108,162 

„          „       (Padflc)  .        .        .  2,017,000  30,140 

Foreign  West  Indies      .        .        .  68,376,020  1,166,147 

Mexico 11,778,060  212,042 

Central  America     .        .        .        .  2,460,003  11,828 
United  States  of  Colombia  (New 

Granada)        ....  66,407,182  1,026,472 

Yenesuela 14,333,863  810,033 

Peru 11,063,460  210,022 

ChiH 29,810,000  620,633 

Brazil    .        .        .        .        •        .  04,108,608  1,041,187 

Carried  forward    .  825,680,121     17,305,032 
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DaoUmd  real  TalM. 

Tarda.  B 

Brought  forward  825,680,121  17,305,922 

1\)tTnigiiay 17,917,715  842,744 

Argentine  Bepublic        .        .        .  29,188,627  571,588 

Gibraltar 15,018,400  822,409 

Malta 8,152,800  54,628 

Western  Africa  (British)         .        .  15,509,200  800,137 

British  Possessions  in  South  Africa  18,462,818  848,441 

Mauritius 4,714,119  81,092 

British  India:  Bombay  and  Scinde  82,697>100  585,500 

Madras  .        .        .  4,089,660  88,618 

„              Bengal  and  Burmah  73,688,768  1,164,270 

Straits  Settlements         .        .        .  18,588,600  841,720 

Ceylon 5,355,800  114,755 

Hong  Kong 12,416,400  804,896 

Australia 19,072,010  514,112 

British  North  America  .        .        .  18,657,298  412,678 
British  West  India   Islands    and 

British  Guiana        .        .        .  29,972,984  419,641 

Other  Countries     ....  4,538,359  86,513 

Total        .        .        1,144,565,264     £28,804,694 

It  would  appear  that  occasionally  attempts  were  made,  during  the  early  days  ol 
printing,  to  poduce  work  possessing  a  high  degree  of  artistic  excellence ;  and  as  the 
specimens  that  haye  been  preserred  to  our  time  are  Tezy  rare,  it  is  £ur  to  conclude  that 
these  eneriments  were  not  successful  in  a  pecuniary  point  of  view.  In  the  museum 
of  the  reel  Park,  at  Salford,  there  is  a  curious  and  inter$0ting  |nece  of  vrinted 
linen,  bearing  the  date  1761  (at  this  period  doth  of  all  cotton  was  prohibited),  and 
which  must  haye  been  printed  from  copper  plates  of  yery  unusual  size.  Apparently, 
the  pattern  has  been  produced  by  two  plates,  each  about  4  feet  6  inches  by  8  feet. 
The  design  is  printed  in  madder  red,  and  is  thus  described  by  Mr.  Plant,  the  curator 
of  the  museum.  *  The  printed  piece  of  linen  measures,  in  the  full  length  of  the 
deogn,  6  feet  10  inches  by  3  feet  2  inches  in  breadth.  The  composition  in  the  design 
is  yery  bold  and  free — in  my  opmion  indicating  yery  strongly  the  feelings  of  an  artist 
who  had  been  educated  in  we  Flemish  school.  The  grouping  of  the  trees,  figures, 
catde,  and  fowls,  is  probably  a  direct  copy  from  an  engrayuff  or  sketch  by  Bergfaem* 
whose  paintings  and  engrayings  of  such  subjects  are  well  known  for  their  truth  to 
nature.  Bib  works  bear  date  1688  to  1680.  Perhaps,  to  fill  up  the  design,  and  form 
a  mcturesque  composition,  the  artist  has  borrowed  ttam  the  French  painters  the  classie 
ruins  which  form  the  sides  of  the  design ;  it  has  had  the  effect  of  producing  an 
anachronism.  The  upjjer  group  represents  a  peasant  seated  upon  the  wall  of  a  well 
blowing  a  flute ;  near  mm  stands  a  woman  witn  a  distaGT;  a  group  of  sheep,  oow,  and 
a  dog,  in  the  foreground.  The  background  shows  a  landscape,  and  on  eadi  side  this 
group  are  ruins,  columns,  and  trees,  reflected  in  the  stream  below.  On  a  broken 
bank,  midway  between  the  two  groups,  are  two  dogs  chasing  .a  stag.  The  lower 
group,  although  there  is  no  defined  line  of  separation  between  the  groups,  represents 
a  peacock,  fowls,  and  chickens,  upon  a  bank  and  ruins ;  landsca^w  and  riyer  scenery 
beyond.  Oyer,  a  hawk  carrying  a  chicken,  the  sides  occupied  with  a  ruined  portico, 
tomb,  and  pedestal  and  yase,  trees,  and  broken  ground;  and  below  are  ducks 
swimming,  and  water-plants  on  the  bank.  At  the  bottom  of  the  piece  are  those  parts 
of  the  pattern  which  would  print  or  fit  on  the  top  part  of  the  design.  On  the  stone- 
work ot  the  well,  in  the  upper  group,  is  printed,  *  K.  JONES,  1761 ;  *  on  the  broken 
stone-work,  in  the  centre  of  the  lower  group,  is  printed,  *R.  L  and  Ca,  OLD 
FORD,  1761.' "  Old  Ford  is  situated  at  Bow,  where  the  East  London  Water  Works 
now  are,  and  where  there  was  a  print-works  at  the  time  spedfled.  This  design 
was  no  doubt  printed  for  f^imiture  hangings  or  tapestry,  for  which  it  is  exceed- 
ingly well  adapted,  and  the  work  being  altogether  a  remarkable  productioa  for  the 
period. 

OA&ZPnUBi  CAXiS9S&  001MEFA88S8.  Compasses  with  bowed  legs,  em* 
ployed  to  measure  the  size  of  any  round  or  conical  body.  In  use,  the  two  points  are 
opened  to  the  required  width,  and  so  much  wood,  metal,  or  stone  is  turned  off  the 
piece  of  work,  that  the  two  points  exactly  fit 

CJkJtKm  To  driye  oakum,  or  untwisted  old-  tarred  rope  into  the  seams  of  any 
yessel  to  preyent  water  from  entering  it  or  to  stop  a  leak.  After  calking  a  ship,  hot 
tar  is  applied  to  protect  the  oakum  driyen  in.  Calk  is  a  term  used  amongst  miners 
for  lime. 
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OA&&OOS  SUSP*  A  fibre  obtained  from  one  of  the  Asiatic  nettles — probably 
the  Urtica  teiuunssma,  which  is  a  natiye  of  Sumatra  and  Bungpore.  Its  fiores  are 
exceedingly  strong,  and  are  oonyeited  into  cordage.  China-grass  cloth»  and  some 
other  fabrics  are  niade  £eom  the  fibres  of  the  Nettle.    See  Nettlb. 

OA&KO'Vr.  The  top  or  rabble  bed  of  a  qnany.  G^iis  is  obliged  to  be  removed 
before  the  nseM  material  is  raised ;  it  is  the  great  soorce  of  expense  in  working  a 
qnarry. — (Brande),    Frequently  termed  the  <  oyerburthen.' 

CAZATB  or  XAXAT8.  An  old  Cornish  term,  stall  used  in  the  remote  mining 
districts,  and  applied  to  hard  ground — chiefly  to  a  variety  of  the  KUlas  or  Clay 
Slate. 

OA&OBCBXi.  (Chlorure  de  Mereure,  Er.;  Kalomd,  Chlonnercur,  Versusstes 
QuecksUber,  Q&r.^  The  sub-chloride  of  mercury,  or  mercorous  chloride  of  modem 
dbemists,  Hg*Cl  (Bf*01*).  Calomel  is  found  native  in  the  Palatinate,'  in  crystals 
often  well  defined,  coating  the  cavities  of  a  femmnous  gangue,  associated  with  cin- 
nabar ;  also  at  the  quicksilver  mines  of  Idria  in  Camiola,  at  Almaden  in  Spain,  and 
HoraowitB  in  Bohemia.  The  native  calomel  is  known  as  hom-qukkMlver,  The  manu- 
facture of  this  substance  upon  the  large  scale  may  be  performed  in  various  ways.  . 
The  cheapest,  and  most  direct  consists  in  mixing  \\  part  of  pure  quicksilver  wiUi  1 
part  of  pure  nitric  add,  of  specific  gravity  from  1*2  to  1*25 ;  and  in  digesting  the 
mixture  till  no  more  metal  can  be  dusolved,  or  till  the  liquid  has  assumS  a  yellow 
colour.  At  the  same  time,  a  solution  is  made  of  1  part  of  common  salt  in  32  parts  of 
cUstilled  water,  to  which  a  little  muriatic  add  is  added ;  and  when  heated  to  nearly  the 
boiling  point,  it  is  mixed  with  the  mercurial  solution.  The  two  salts  exchange  Irases, 
and  a  subchloride  of  mercury  predpitates  in  a  white  powder;  which,  af&r  being 
digested  for  some  tame  in  the  addulous  supernatant  liquor,  is  to  be  washed,  with  the 
greatest  care^  in  boiling  water.  The  circumstances  which  may  injure  the  process  arc 
&e  following : — 1.  When  less  mercury  is  emplopred  than  the  add  can  Resolve,  there 
is  formed  a  nitrate  of  mercury  whidi  gives  nse  to  some  corrosive  sublimate  and 
causes  a  proportional  defiilcation  of  calomeL  2.  If  the  liquors  are  perfectly  neutral 
at  the  moment  of  mixing  them,  some  sub-nitrate  of  mercury  is  .thrown  down,' 
which  cannot  be  removed  by  washing,  and  which  gives  a  noxious  contamination 
to  the  bland  calomeL  The  add  prescribed  in  the  above  formula  obviates  this 
danger. 

l^e  following  are  the  directions  given  by  the  London  College  for  the  preparation  ' 
of  this  salt : — 2  lbs.  of  mercury  are  boiled  to  dryness  in  a  suitable  vessel  with  8  lbs.  of 
concentrated  sulphuric  add :  the  sulphate  of  mercury  thus  obtained  is  rubbed  when 
eold,  first  with  2  lbs.  more  mercury  in  an  earthen  vessel  until  perfectly  mixed,  and 
then  thoroughly  incorporated  with  1 A  lb.  of  chloride  of  sodium ;  the  whole  is.  then 
sublimed  in  an  appropriate  vessel;  tae  sublimate  is  rubbed  to  a  fine  powder,  and 
then  washed  with  boiling  distilled  water,  until  the  washings  are  no  longer  tanged 
by  sulphuretted  hydrogen.  This  process  is  absolutely  necessary  in  ordeir  to  re- 
move  every  trace  of  oorrodve  sublimate  which  is  always  formed  in  greater  or  less 
quantity. 

At  Apothecaries'  Hall  50  lbs.  of  mercury  are  boiled  with  70  Ibe.  of  sulphuric  add 
to  dryness  in  a  cast-iron  vessel ;  62  lbs.  of  the  dry  salt  are  triturated  with  40|  lbs.  of 
mercnry  until  the  globules  disappear;  and  34 lbs.  of  common  salt  are  then  added. 
The  mixture  is  submitted  to  heat,  and  from  95  lbs.  to  100  lbs.  of  sublimed  calomel  are 
obtained.  It  is  washed  in  large  quantities  of  distilled  water,  after  having  been  ground 
to  a  fine  and  impalpable  powder. 

According  to  the  patent  of  Mr.  Josiah  Jewell,  the  vapour  of  calomel  was,  to  be 
transmitted  into  a  vessel  containing  water,  in  order  to  condense  it  at  once  into*  an 
impalpable  powder.  But  this  process  was  beset  witli  many  difficulties.  The  vapour 
of  the  calomel  was  afterwards  introduced  ifito  a  large  receiver,  into  which  steam  was 
simultaneous  admitted ;  but  this  plan  has  also  been  found  to  be  precarious  in  the 
execution.  The  best  way  is  to  sublime  the  calomel  into  a  very  laiq^  diamber  from 
an  iron  ]^t,  in  the  same  way  as  the  fiowers  of  sulphur  are  formed.  The  great  body 
of  cool  air  serves  to  cause  the  predpitation  of  tae  calomel  in  a  finely  comminuted 
state. .  It  is  afterwards  washed  with  water,  till  this  is  no  longer  ooloured  "by  sulphu^ 
retted  hydrogen. 

A  patent  was  obtained  in  September  1841,  by  Anthony  Todd  Thomson,  M.D.,  for 
an  improved  method  of  manufacturing  calomel  and  corrosive  sublimate,  as  follows : — 
This  invention  oonnsts  in  combining  chlorine  in  the  state  of  gas  with  Uie  vapour  of ' 
mercury  or  quicksilver,  in  order  to  produce  calomel  and  corrosive  sublimate.  The 
apparatus  employed  consists  of  a  glass,  earthenware,  or  other  suitable  vessel,  mounted 
in  brickwork,  and  communicating  at  one  end  with  a  large  air-ti^ht  chamber,  and  at ' 
the  other  end  by  means  of  a  bent  tube,  with  an  alembic,  such  as  is  generally  used  in 
generating  chlorine  gas.    The  alembic  is  charged  with  a  mixture  of  common  salt,  biiio 
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oxide  of  manganese,  and  snlphnrio  add,  or  of  binozide  of  manganese  and  mmiatie 
add  in  order  to  produce  dilonne  gas. 

The  mode  of  operatinff  with  this  apparatus  is  as  follows :— ^A  qnantitj  of  mensozy 
or  quicksilyer  is  placed  m  a  glass  yessel,  and  the  temperature  of  the  same  is  raised  to 
between  350^  and  660^  F.,  by  means  of  an  open  fire  beneath.  The  chlorine  gas,  as  it 
is  generated,  passes  from  the  alembic  through  the  bent  tube  into  the  glass  yessel,  and 
there  combimng  with  the  yaponr  of  the  mercury,  forms  either  oorrosive  sublima4»  or 
calomel,  according  to  the  quantity  of  chlorine  gas  employed. 

The  product  is  found  at  the  bottom  of  the  air-ti^ht  chamber,  and  may  be  xemoYod 
from  the  same  through  a  door,  when  the  operation  is  finished. 

Prof.  Wohler  proposes  to  prepare  calomel  in  the  humid  way  by  decomposing  a  solu- 
tion of  corrosive  sublimate  by  sulphurous  acid.  The  commercial  salt  is  dissolved  in 
water  at  122^  to  saturation.  Sulphurous  acid  gas,  eydyed  by  heating  coarse  diarooal 
powder  with  concentrated  sulphuric  acid,  is  passed  into  the  hot  solution :  the  separa- 
tion of  the  calomel  commences  immediately.  When  the  solution  is  saturated  with 
the  mBf  it  is  digested  for  some  time,  then  le^  to  get  cold,  and  filtered  from  the  calomel, 
whidi  is  afterwards  washed.  The  filtrate  usually  contains  some  undiMigeable 
'  corrosive  sublimate,  which  may  be  converted  into  calomel,  either  by  heating  to 
boiling,  or  by  a  fresh  introduction  of  sulphurous  acid  and  heating.  Calomel  obtained 
in  this  manner  is  a  crystalline  powder  of  dazsling  whiteness,  Ottering  in  the  sun- 
light 

The  presence  of  oonosive  sublimate  in  calomel  is^  easily  detected  by  digesting 
alcohol. upon  it,  and  testing  the  decanted  alcohol  with  a  drop  of  caustic  potash, 
when  the  characteristic  bnck-colouied  predpitate  will  Mi,  if  any  of  that  salt  be 
present  To  detect  subnitrate  of  mercury  in  calomel,  digest  dilute  nitzic  add  on  it, 
and  test  the  add  with  potash,  when  a  predpitate  will  ficdl  in  case  of  that  contamina- 
tion. 

117*75  parts  of  calomel  contain  100  of  quicksilyer. 

Great  conftidon  has  unfortunately  arisen  between  the  formnln  ci  the  two  chloridet 
of  mercury — calomel  and  corrodve  sublimate. 

If  100  be  taken  as  the  atomic  weight  of  mercury,  the  formula  of  calomel  is  Hg*01 
(as  given  aboveX  and  that  of  corrosive  sublimate  is  HgOL  But'i^  as  is  often  the 
case,  200  be  asdgned  to  mercury  as  its  atomic  wdght  the  formula  of  calomel 
beoonies  QgCl  (or  rather,  for  theoretical  reasons,  ^(K)l*)  and  that  of  corrodve 
sublimate  ^Cl'.  As  fatal  mistakes  might  occur  1^  substituting  one  of  these  com- 
pounds for  the  other,  the  formula  should  never  be  used  apart  from  the  spedfio  names. 

CATiOBTCL  A  term  once  extendvely  used  in  phydcal  sdence,  and  perhaps  some- 
what too  hastily  abandoned.  When  employed  there  was  a  very  general  impresskm 
that  heat  was  the  ^eot  of  some  undeveloped  cause,  and  to  this  cause  the  term  eai&ne 
was  applied.  The  modem  hypothesis  regarding  heat  as  a  mode  of  motion,  the  term 
has  been  dispensed  with.    See  Hbat. 

OASMMXrmMM  or  IV^AXm.  in  former  editions,  hot-water  apparatus  was 
described  under  this  head :  now  see  Hot-watsi  Appabatus. 

1TftT■1^T!  r—  fT"*  An  instrument  intended  to  measure  the  quantity  of  heat  pro- 
duced by  burning  bodies,  devised  by  Lavoider  and  Jjaplace,  TttQ  prind|de  upon 
which  these  instruments  depended  may  be  easily  understood.  To  conyert  a  certain 
quantity  cMt  ice  into  water,  a  given  amount  of  heat  is  necessary.  Kow  suppose  we 
construct  a  f^mnel-shaped  vessel,  and  haying  placed  in  the  middle  of  it  a  vessel  con- 
taining boiling  water,  or  hot  mercuiy,  or  oil,  or  a  red-hot  piece  of  metal,  it  is  packed 
round  with  ice,  care  being  taken  that  no  heat  shall  escape,  except  it  is  employed  to 
thaw  the  ice.  The  water  formed  bv  the  ice  is  collected  in  a  vessel  placed  below  the 
funnel,  and  the  quantity  collected  during  the  coolinp^of  the  heated  body  will  mpreeent 
the  heat  given  out  and  employed  in  liquefpng  the  ice.  For  nice  experiments  certain 
exact  determinations  are  required,  for  wluch,  and  the  general  rules  to  be  obsorved, 
some  good  treatise  on  Physics  should  be  consulted.  See  Watts's  *  Dictionary  of  Ghemis- 
tzy:'  artideHxAT. 

CUUbOTTVa  (signifying  beauttful  pieture),  A  name  given  by  Mr.  Henry  Fox 
Talbot  to  a  photog^phic  process  invented  by  him  in  1840,  and  patented  in  1841. 

Mr.  Talbot's  description  of  his  process  is  as  follows : — 

Take  a  sheet  of  the  best  writing-paper,  having  a  smooth  suffiice,  and  a  dose  and 
even  texture.  The  water-mark,  if  any,  should  be  cut  ofl^  lest  it  ix^jure  the  appearance 
of  the  dcture.  Dissolve  100  grains  of  crystallised  nitrate  of  silver  in  six  ounces  of 
distillea  water.  Wash  the  paper  with  this  solution  with  a  soft  brush  on  one  dde,  and 
put  a  marie  on  that  dde,  whereby  to  know  it  again.  Diy  the  paper  cautiously  at  a 
dirtanee  from  the  fire,  or  else  let  it  diy  spontaneously  in  a  dark  room.  When  diy,  or 
neariy  so,  din  it  into  a  solution  of  iodide  of  potasdum,  containing  600  grains  of  that 
fa)t  Qssolveq  in  one  pint  of  water,  and  let  it  stay  two  or  three  minutes  in  the  tolntioii. 
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Then  dip  the  paper  into  a  yessel  of  water,  dry  it  lightly  with  blotting-paper,  and  flniBh 
drying  it  at  a  fire,  which  will  not  ii\jare  it  eyen  if  held  pretty  near ;  or  else  it  may  be 
left  to  dry  spontaneously.  All  this  is  best  done  in  the  evening  by  candle-light :  the 
paper,  so  &r  prepared,  is  called  iodised  paper,  because  it  has  a  uniform  pale-yellow 
coating  of  iodide  of  silver.  It  is  scarcely  sensitive  to  light,  but  nevertheless  it  ought 
to  be  kept  in  a  portfolio  or  drawer  until  wanted  for  use.  It  may  be  kept  for  some 
considerable  time  without  undergoing  change,  if  protected  from  sunshine.  When  the 
paper  is  required  for  use,  take  a  sheet  of  it,  and  wash  it  with  a  liquid  prepared  in  the 
following  manner : — 

Dissolve  100  grains  of  crystallised  nitrate  of  silver  in  two  ounces  of  distilled  water; 
add  to  this  solution  one-sixth  of  its  volume  of  strong  acetic  acid.  Let  this  be  called 
mixture  A* 

Make  a  saturated  solution  of  ciystallised  gallic  acid  in  cold  distilled  water.  The 
quantity  dissolved  is  very  small.    Gall  this  solution  B. 

"Ma  together  the  liqmds  A  and  B  in  equal  volumes,  but  only  a  small  quantity  of 
them  at  a  time,  because  the  mixture  does  not  keep  long  without  spoiling.  This  mix- 
ture Mr.  Talbot  calls  the  patUhmtrate  of  silver.  This  solution  must  be  washed  over 
the  iodised  paper  on  the  side  marked,  and  being  allowed  to  remain  upon  it  for  half  a 
minute,  it  must  be  dipped  into  water,  and  then  Ughtly  dried  with  blotting-paper.  This 
operation  in  particular  requires  the  total  exclusion  of  daylight ;  and  although  the  paper 
thus  preparea  has  been  found  to  keep  for  two  or  three  months,  it  is  advisable  to  use 
it  within  a  few  hours,  as  it  is  often  rendered  useless  bv  spontaneous  change  in  the  dark. 

Paper  thus  prepared  is  exquisitely  sensitive  to  bght ;  an  exposure  of  less  than  a 
second  to  difihsed  daylight  being  quite  sufildent  to  set  up  the  process  of  change.  If  a 
rneee  of  this  wpeae  is  putly  covered,  and  the  other  portion  exposed  to  daylight  for  the 
brirfett  possible  period  of  time,  a  very  decided  impression  will  be  made.  Ttas  impres- 
sion is  latent  and  invisible.  If,  however,  the  paper  be  placed  aside  in  the  dark,  it  will 
gradually  develop  iiseif;  or  it  may  be  brought  out  immediately  by  being  washed  over 
with  the  gallo-nitiate  of  silver,  and  held  at  a  short  distance  fsom  the  fire,  bv  which 
the  ex|K)8ed  portions  become  brown,  the  covered  parts  remaining  of  their  originid  colour. 
The  pictures  being  thus  prociued,  are  to  be  fixed  by  wasmng  in  clean  water,  and . 
lightly  drying  between  blotting-paper,  after  idiich  they  are  to  m  washed  over  with  a 
sdutbn  ca  bromide  of  potassium,  containing  100  grains  of  that  salt,  dissolved  in  eight 
or  ten  ounces  of  water;  alter  a  minute  or  two,  it  is  again  to  be  dipped  into  water,  and 
then  finally  dried.  The  Collodion  process  has  almost  entirely  superseded  the  Galotype. 
See  GoLLOiuoir  and  Photoobapht. 

CAZiUllBA.    SeeOoLOMBA. 

CIMimilT  BTOVa.    A  variety  of  cameHan  imported  ^m  the  East  Indies. 

CULM80IIIA.    See  Gaxbogb. 

OlMBBIOs  (BoHste^  Er.;  Kammertueh,  Ger.)  A  sort  of  very  fine  and  rather 
thin  linen  fS&bric,  first  made  at  Gambray.  An  excellent  imitation  of  it  is  made  in 
Lancashire  and  in  Scotland,  woven  &om  fine  cotton  wn,  hard  twisted.  Linen  cambric 
of  a  good  quality  is  also  now  manufactured  in  the  United  Kingdom  from  power-spun 
flax ;  this  is  fi»quently  called  Cambrie  muslin, 

O AMBUMiar  ■■■■■KftTt.    See  Ghavoilson  MnvBRix. 

OAMMOm  (Camief  Fr.;  Cammeo,  It)  Gorrectly  a  precious  stone  engraved  in 
relief,  as  opposed  to  an  intofflio,  which  is  cut  into  the  stone.  The  earliest  cameos 
appear  to  have  been  cut  upon  the  onyx,  and  subsequently,  on  the  agate.  The  true 
cameo  is  farmed  upon  a  stone  having  two  or  more  layers,  oiflbxing  in  colour ;  and  the 
art  of  the  cameo-en^ver  consists  in  so  cutting  as  to  appropriate  those  differently 
coloured  layers  to  distinct  parts  or  elevations  of  the  work. 

Many  of  the  varieties  of  chalcedony  present  in  section  transparent  and  opaque 
layers ;  and  beantiAil  works  have  been  cut  upon  such  specimens  of  this  material. 
The  chalcedony  and  agate  are,  however,  not  unfrequently  coloured  artificially.  The 
layers  vary  very  much  in  their  structure,  some  being  aMorbent  and  others  not  so. 
Such  stones  are  taken,  and  if  it  is  desired  to  have  black  and  white  layers,  they  are 
boiled  in  a  solution  of  sugar  or  honey,  and  then  in  sulphuric  add.  The  sugar  or 
honey  is,  in  the  first  place,  absorbed  by  the  more  porous  layers,  and  then  decomposed 
by  the  add.  Bed  or  brownish-red  layers  are  produced  by  occasioning  the  stone  to 
absorb,  a  solution  of  sulphate  of  iron,  and  then  by  exposure  to  heat  effecting  the 
peroxidation  of  the  metal.  This  bdng  done,  layers  very  strongly  contrasted  in 
colour  are  the  result ;  and  very  fine  cameos  have  been  cut  upon  stones  so  prepared. 
See  AoATE. 

In  Italy  and  in  France,  the  art  of  produdng  the  eammeo  duro  has  been  to  some 
extent  revived ;  but  the  immense  labour  which  such  hard  materials  require  renders  ' 
th^m  so  expensive,  that  these  cameos  have  not  come  into  general  use. 

The  shells  of  several  molluscous  animals  are  now  commonly  used.    Many  of  these 
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shells  afibrd  the  necesaary  varietj  of  colour,  and  axe  soft  enoo^  to  bo  wozked  with 
facility,  yet  hard  enough  to  wear  for  a  considerable  time  without  iinuiy. 

The  natural  history  of  the  mollusca  producing  the  shells,  and  the  best  account  of 
the  manu&cture  of  cameos,  was  given  by  Br.  J.  £.  Oray,  of  the  British  Museum,  in  a 
paper  read  before  the  Society  of  Arts  in  1847*  to  which,  and  to  his  paper  in  the  Pkil, 
Tra$u.t  we  are  indebted  for  much  of  the  following  information. 

It  was  the  custom  in  Holland  to  use  the  pearly  nautilus  as  a  cameo  shell,  and  several 
Idnds  of  turbines  or  wreath-shells,  which  have  an  opaque  white  external  coat  over 
an  internal  pearly  one.  These  are  now  rarely  employed.  The  shells  now  used  are 
those  of  the  flesh-eating  univalves  (Gasteropoda  ptenobrancMata  eoophaga),  which  are 
peculiar  for  being  all  formed  of  tiiree  lavers  of  calcareous  matter,  each  layer  being 
composed  of  three  perpendicular  laminae  placed  side  by  side ;  the  lamin»  Domprising 
the  ceqtial  laver,  bei|ig  placed  at  right  angles  with  one  of  the  inner  and  outer  ones ; 
the  inner  and  outer  being  placed  longitudmally  with  regard  to  the  axis  of  the  line  of 
the  shells,  while  the  inner  Ununsd  are  placed  across  the  axis,  and  conoentiioally  with 
the  edge  of  the  mouth  of  the  cone  of  the  shell— ^Gray,  PML  7hm«.^ 

This  structure  furnishes  the  cameo-cntter  with  the  means  of  giving  a  particular 
surface  to  his  work,  a  good  workman  always  putting  his  work  on  tiie  shell  in  such  a 
manner,  that  the  direction  of  the  laminae  of  the  central  coat  is  longitudinal  to  the  axis 
of  liis  figure.  The  central  layer  forms  the  body  of  the  bas-rdid;  the  inner  laminae 
being  the  ground,  and  the  outer  one,  the  third  or  superficial  colour,  which  is  some- 
times used  to  give  a  varied  appearance  to  the  surface  of  the  fiffure.  The  cameo-cntter, 
therefore,  selects  for  his  purpose  those  shells  which  have  tbree  layers  of  diflferent 
colours,  as  these  afiBbrd  him  the  means  of  relieving  his  work ;  and  secondly,  those  which 
have  the  three  layers  strongly  adherent  together,  for  if  they  separated,  his  labour 
would  be  lost. 

The  following  are  the  kinds  of  shells  now  employed: — L  The  bull's  mouth  (Costw 
rufum\  which  has  a  red  inner  coat,  or  what  is  called  a  sardonyx,  ground.  .  2.  The 
black  helmet  {Cassis  Madagasoariensis),  which  has  a  blackish  inner  coat,  or  what  is 
called  an  onyw  ground.  8,  The  homed  helmet  ^Cassis  oormdwn),  with  a  yellow 
ground.    4.  The  queen's  conch  {Sirombus  gigas\  with  a  vink  ground. 

The  bull's  mouth  and  the  black  helmet  are  the  best  snells.  The  homed  helmet  is 
apt  to  separate  from  the  ground,  or  doMe ;  and  the  last,  the  queen's  oonch,<ha8  but 
seldom  tne  two  colours  marked  with  sufficient  distinctness,  and  the  finish  of  the 
ground  colour  flies  on  exposure  to  light. 

The  red  colour  of  the  null's  mouth  extends  only  a  slight  distance  in  the  month  of 
the  shell,  becoming  paler  as  is  proceeds  backwards.  The  dark  colons  extMids  fiurdier 
in  the  black  and  yellow  varieties.  Hence  the  bull's  mouth  only  a£Eozds  a  single  cameo 
large  enough  to  make  brooches  of,  and  several  small  pieces  for  shirt-studs.  The  Uack 
hekiet  yields  on  an  average  about  flve  brooches,  and  sevei^  pieces  for  studs,  while 
the  queen's  conch  afiftrds  only  one  good  piece. 

Forty  years  since,  very  few  cameos  were  made  f^rom  any  shells  but  the  bla<^ 
helmet,  and  the  number  of  shells  then  used  amounted  to  about  300  annu^lv,  neadv 
all  of  which  were  sent  fsom  England,  being  all  that  were  then  imported.  The  blade 
helmet  is  imported  into  England  from  Jamaica,  Nassau,  and  New  Providence.  They 
are  not  found  in  Madagascar,  though  naturalists  have  for  a.  long  period  called  thmn 
Madagascar  helmets. — {Gray), 

Of  the  bull's  mouth,  half  are  received  direct  from  the  Island  of.  Bourbon,  to  iHiicn 
place  they  are  brought  firom  Madagascar,  and  the  other  half  are  obtained  £cam  the 
Island  of  Ceylon,  being  received  by  the  way  of  Oalcntta ;  hence  th^  are  often  called 
*  Calcutta  shells.' 

So  rapidly  has  the  trade  in  these  shells  increased,  that  Dr.  Grav  informs  us,  that 

in  Paris  100,500  shells  are  used  for  cameos  annually.    These  are  divided  as  follows : — 

Price        Yalna  Frioe       Yaliie 

Bull's  mouth     .    80,000    Is,  Bd,    6,400/.  I  Homed  helmet .         500    2a!.  64L      602. 

Black  helmet    .      8.000    5     0        1,920  |  Queen's  conch   .    12,000    1    2|     725 

The  manufacture  of  shell  cameos  was  for  some  time  oonflned  to  Italy ;  about  twui^- 
flve  years  since,  aa  Italian  commenced  making  them  in  Paris,  and  now  the  trade  belongs 
to  the  French  capital,  where  not  less  than  800  persons  are  engaged  in  the  manu&cture. 
Nearly  all  the  cameos  made  in  France  were  sent  to  England,  and  in  Bkmingjiam 
mounted  as  brooches,  and  exported  to  America  and  the  British  Colonies. 

OAMBXA  XiVCZBA.  An  instrument  invented  by  t)r.  Wollaston,  for  the  pur- 
pose of  enabling  anyone,  without  a  knowledge  of  the  rules  of  drawing  or  perspecbve* 
to  delineate  any  external  object  with  accurai^.  It  consists  essentully  of  a  quad- 
rangular glass  prism. 

oajpoUBA,  literally  dark  chamber.    An  instnunent  invented  bj 
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Baptiste  Porta.    It  is  employed  for  the  prodnction  of  photographic  pictures,  and  will 
be  itdly  described  in  the  article  devoted  to  that  art.    See  Photoobafht. 

O  ABCBS.  Slips  of  lead  employed  by  glaziers  in  glazing  church  or  cottage  windows 
in  the  olden  style.  They  were  formerly  called  *  lattices/  and  hence  lead^  windows 
were  termed  lattice  windows. 

OAmST  or  OAmim&T*  A  light  8tu£^  formei^ly  much  nsed  for  female  ap- 
pareL  It  is  made  of  long  wool,  hard  span,  sometimes  mixed  in  the  loom  with 
cotton  or  linen  yam.  Several  fabrics  of  the  same  kind  are  now  introduced  under  other 
names. 

OAUDPaAOn  IV'OOB  {HamaioxyUm  Campeckiamim),  Logwood  brought  firom 
the  bay  of  that  name.    See  Logwood. 

CAIIPBSra.  The  radicle  of  camphor ;  various  hydrocarbons  isomeric  or  poly- 
meric with  oil  of  turpentine  are  so  ccdled.    See  Watts's  *  Dictionary  of  Chemistry.' 

OAMFBZVB.  Kectified  oil  of  turpentine  is  sold  in  the  shops  under  this  name 
for  burning  in  lamps.  Crude  oil  of  .turpentine  is  redistilled  with  potash,  and  then 
with  water,  and  lastly,  to  secure  its  perfect  purity,  with  chloride  of  calcium.  The  oil 
thus  prepared  forms  a  limpid  colourless  liquid ;  its  specific  gravity  is  about  0*870, 
but  it  is  subject  to  some  slight  variations ;  C^H*  appears  fairly  to  represent  this, 
and  several  other  similar  oils.  It  is  very  inflammable,  burning  with  a  bright  red 
fiame,  and  without  a  proper  supply  of  air  it  evolves  much  dense  smoke,  hence  peculiar 
lamps  (Campkme  la7Hps),axe  required.  Where  it  has,  firom  exposure  to  air,  ab- 
sorbed oxygen,  and  become  resiwyied,  it  is  unfit  for  purposes  of  iUumination.  Such 
eaTnpkme  very  rapidly  dogs  the  wick  with  a  dense  carbon,  and  is  liable  to  the  thick 
bla^  smoke,  iHiicn  is  so  objectionable  in  the  camphine  lamps  if  they  are  not  properly 
attended  to. 

To  purify  old  camphine^  it  must  be  redistilled  firom  carbonate  of  potash,  or  some 
similarly  active  substance  to  deprive  it  of  its  resin.    See  Lamps. 

OAMPBO&a.  One  of  the  oils  obtained  from  coal-tar.  Mansfield  gave  this  name 
to  the  oils  eumoU  and  cymoU,  which  boil  at  284^  and  330°  P.,  when  collected 
toffether.  The  specific  gravity  of  crude  camphole  rangps  from  0*88  to  0*98,  and  the  less 
volatile  portions  fi?equently  contain  naphthaline,  wmch  raises  their  specific  gravity. 
This  substance,  either  alone  or  mixed  with  pyroxylic  spirit,  is  applicable  for  burning 
in  lamps  or  for  dissolving  resins,  as  a  substitute  for  oil  of  turpentine. 

OAimOBy  or  OAMVBZBB.  {Camphre,  Pr. ;  Kampher,  Qer.)  This  im- 
mediate pioductof  vegetation  was  known  to  the  Arabs  under  the  names  oSkam^hurajid 
kaphwr,  whence  the  name  campkora.  Camphor  was  not  known  to  the  ancients ;  it 
IS  first  mentioned  by  Avicenna,  and  Serapon  calls  it  c^ttr,  Symeon  Seth,  who  lived 
in  the  eleventh  century,  describes  it^  It  is  found  in  a  great  many  plants,  and  is 
secreted,  in  parity,  by  several  laurels ;  it  occun  combined  with  the  essential  oils  of 
many  of  the  Lalnata ;  but  it  is  extracted,  for  manufacturing  purposes,  only  from  the 
Lavrua  campkora,  or  Camph<fra  officinarum,  a  member  of  tine  Laurel  order,  which 
abounds  in  China  and  Japan,  as  well  as  from  a  tree  which  grows  in  Sumatra  and 
Borneo,  called,  in  the  country,  Kapovr  barrosy  firom  the  name  of  the  place  where  it  is 
most  common.  This  Sumatra  camphor  is  the  produce  of  the  Dryobalanops  oamphora. 
The  camphor  exists,  ready  formed,  in  these  vegetables,  between  the  wood  and  the 
baik;  but  it  does  not  exiide  spontaneously.  On  cleaving  the  tree  which  produces 
the  Sumatra  camphor  masses  of  pure  camphor  are  found  in  the  trunk.  Sumatra 
camphor  is  not  imported  into  this  country,  as  it  is  eagerly  bought  up  by  the  Chinese, 
who  prize  it  highly. 

'  To  prepare  camphor  the  wood  of  the  laurus  is  cut  into  small  pieces,  and  put  with 
plenty  of  water  into  large  iron  boilers,  which  are  covered  with  an  earthen  capital  or 
dome,  lined  within  with  rice  straw.  As  the  water  boils,  the  camphor  rises  with  the 
steam,  and  attaches  itself  as  a  sublimate  to  the  stalks,  under  the  form  of  granulations 
of  a  grey  colour.  In  this  state  it  is  picked  off  the  straw,  and  packed  up  for  exporta- 
tion to  Europe. 

Formwrly  Venice  held  the  monopoly  of  refining  camphor,  but  now  Prance,  England, 
HoUand,  and  Germany  refine  it  for  their  own  markets.  All  the  purifying  processes 
proceed  on  the  principle  that  camphor  is  volatile  at  the  temperature  of  400^  P. 
The  substance  is  mixed,  as  intimately  as  possible,  with  2  per  cent  of  quicklime,  and 
the  mixture  is  introduced  into  a  large  bottle  made  of  thin  uniform  glass,  sunk  in  a. 
sand-bath.  The  fire  is  slowly  raised  till  the  whole  vessel  becomes  heated,  and  then 
its  upper  part  is  gradually  laid  bare  in  proportion  as  the  sublimation  goes  on.  Much 
attention  and  experience  are  required  to  make  this  operation  succeed.  If  the  tem- 
perature be  raised  too  slowly,  the  neck  of  the  bottle  might  be  filled  with  camphor 
before  the  heat  had  acquired  the  proper  subHming  ptch ;  and,  if  too  quickly,  the 
whole  contents  might  be  exploded.  If  the  operation  be  carried  on  languidly,  and  the 
heat  of  tha  upper  part  of  the  bottle  be  Bomemat  under  the  melting-point  of  campbc», 
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that  is  to  say,  a  little  under  350°  F.,  the  condensed  yaponr  wonld  be  snowy;  and  not 
snfEUdently  compact  and  transparent  to  be  saleable.  Occasionally,  sndden  alterations 
of  temperatore  cause  little  jets  to  be  thrown  up,  out  of  the  liquid  camphor  at  the 
bottom,  on  the  cake  formed  aboye^  which  soil  it,  and  render  its  zesnblimation 
necessary. 

If  to  the  mixture  of  100  parts  of  crude  camphor  and  2  of  quicklime,  2  parts  of 
bone-black,  in  fine  powder,  be  added,  the  small  quantity  of  colouring  matter  in  the 
camphor  will  be  retained  at  the  bottom,  and  whiter  cskes  will  be  produoed.  A  spiral 
slip  of  platdna  foil  immersed  in  the  liquid  may  tend  to  equalise  its  ebuUition. 

By  eiroosing  some  volatile  oils  to  spontaneous  evaporation,  at  the  heat  of  about 
70^  F.,  Proust  obtained  a  residuum  of  camphor :— from  oil  of  laTender,  26  per  cent,  of 
its  weight;  from  oil  of  saoe,  12| ;  from  oil  of  maijoram,  10  per  cent. 

Befined  camphor  is  a  white  transludd  soUd,  possessing  a  peculiar  taste  and  smell. 
It  may  be  obtained,  firom  the  slow  cooling  of  its  alcoholic  solution,  in  octahedral 
czysta^  It  may  be  scratched  by  the  nail,  is  yeiy  flexible,  and  can  be  reduced  into 
powder  readily  by  mixing  it  with  a  few  drops  of  ^cohol  and  giving  a  few  blows  to  the 
camphor.  Its  spedflc  gravity  varies  firom  0*085  to  0*996.  Mixed  and  distilled  with 
six  times  its  weight  of  clay,  it  is  decomposed,  and  yields  a  golden  yellow  aromatic  oil, 
which  hms  a  flavour  analogous  to  that  of  a  mixture  of  thyme  and  rosemary ;  alongwith 
a  small  ^pantity  of  acidulous  water  tinged  with  that  oil,  charcoal  remains  in  the  retort. 
In  the  air,  camphor  takes  flre  on  contact  of  an  ignited  body,  and  bums  away  with  a 
bright  fuliginous  flame.  Pieces  of  ignited  camphor  thrown  into  water  execute  peculiar 
rotatory  movements. 

Camphor  is  little  soluble  in  water ;  one  part  being  capable  of  commumcating  smell 
and  taste  to  1,000  of  the  fluid,  this  is  the  Mistura  Vamphora  of  the  apothecary.  100 
parts  of  alcohol,  specific  gravity  0*806,  dissolve  120  parts  of  camphor,  at  cvdinaiT 
temperatures.  It  is  separated  in  a  pulverulent  state  by  water.  Etner  and  oils,  both 
exprossed  and  volatile,  also  dissolve  it. 

when  distilled  with  8  parts  of  aquafortis,  camphor  is  converted  into  camphoric 
add.  Camphor  absorbs  144  times  its  volume  of  muriatic  add  gas,  and  is  transformed 
into  a  colourless  transparent  liquid,  which  becomes  solid  in  the  air,  because  the  add 
attracts  humidity,  which  predpitates  the  camphor.  One  part  of  strong  acetic  add 
dissolves  2  parts  of  camphor.  By  Dr.  Ure's  analysis,  camphor  oonsiBts  of  77*38 
carbon,  11*14  hydrogen,  and  11*48  oxygen. 

Dumas  (1)  and  Blanohet  and  Sell  (2)  have  given  the  following  composition : — 

(1)  w 

Carbon        .        .        .    78*02        .        .        .    77-96 
Hydrogen    .  .    10*89  .        .    10*61 

Oxygen        .        .        .     11*69        .        .        .    11-48 

There  are  two  kinds  of  camphor  imported : — 

Japak  Caxphob,  called  Dutch  Caxphor,  because  it  is  always  brou^  \rr  tha 
Dutch  to  England.  It  comes  by  the  way  of  Batavia,  and  is  imported  in  tubs  (nenoe 
it  is  called  tub  camphor),  covered  with  matting,  and  each  surrounded  by  a  second  tub, 
secured  on  the  outside  by  hoops  of  twisted  cane. 

CnnrA  Camphor,  or  Fobxosa  Caxphob,  is  imported  from.  Singapore  and  Bombayy 
in  chests  lined  with  lead-foil,  containiuff  about  If  cwt. 

It  has  been  suggested  to  introduce  the  camphor  trees  into  other  countries.  South 
Georgia  and  Flonda  are  named  as  suitable  localities.  The  Laura  campkora  is  com- 
monly found  in  all  the  nurseries  around  Paris,  and  sold  at  6  francs  for  a  plant  30 
inches  high.  At  full  growth  the  tree  attains  an  altitude  of  from  40  to  50  feet.  The 
wood  of  l^e  camphor  tree  is  in  favour  for  carpenters'  work ;  it  is  light,  is  easily  woriced, 
durable,  and  not  liable  to  be  attacked  by  insects.  It  is  said  that  in  Sumatra  numben 
of  trees  are  cut  down  before  one  is  found  to  repay.  Not  a  tenth  part  of  the  trees 
attacked  yield  dther  camphor  or  camphor  oil. 

The  camphor  is  distinguished  by  the  names  of  head,  belly,  and  foot,  when  in  bulk. 
The  head  camphor  is  in  large  white  flakes ;  the  belly  camphor,  small  brown  flakes,- 
transparent>  like  resin  coarsely  powdered;  the  foot,  like  dark-coloured  resin.  A 
native  *  Catty 'may  be  divided  into:— 1.  Capallo,  or  large  head,  s  2*2;  2.  Capallo 
cachell,  or  small  head,=:3-6;  3.  Baddan,  or  belly,-*4*2;  4.  Cal^  or  foot,a6*l7 
«1  Catty,  16.  

.  OAMraOBf  AMTtnciAJL.  When  hydrochloric  (muriatic)  add  is  {)assed  into 
oil  of  turpentine,  surrounded  by  ice,  two  compounds  are  obtained,  one  sohd  and  the 
other  fluid.  The  flrst,  solid  artifldal  cam]^or  C^H**HC1  (0**B*'M01i  is  white, 
transparent,  lighter  than  water,  and  has  a  camphoraceous  taste.  The  fluid  is  teimea 
liquia  artificial  camphor,  or  terebine. 

Water  in  which  camphor  is  dissolved. 
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PBOm«  onb  or  &AUaa&.  When  the  bnnehes  of  Camphota  cffiemanm 
are  distilled  -with  water,  a  mixture  of  camphor  and  a  liquid  essential  oil  is  obtained. 
T^B  is  the  oil  of  camphor ;  it  has  a  density  of  0*910,  and  its  composition  is  C**H**0. 
By  exposure  to  oxygen  gas,  or  to  the  action  of  nitric  add,  it  absorbs  oxygen,  and 
becomes  solid  cam^^or  G'»H>«0>  (O^^Bi'O). 

This  is  an  esteemed  article  in  the  Eastern  inarkets ;  it  undergoes  no  preparation, 
and  though  named  oil,  it  is  rather  a  liquid  and  volatile  resin.  The  natives  of  Sumatra 
make  a  transverse  incision  in  the  tree  to  the  depth  of  some  inches,  the  cut  sloping 
downwards  so  as  to  form  a  cavit;^  of  the  capadty  of  a  quart ;  a  lighted  reed  is  placed 
in  it  for  about  10  minutes,  and  in  the  space  of  a  night  the  cavity  is  filled  with  this 
fluid.  The  natives  consider  this  oil  of  great  use  as  a  domestic  remedy  for  strains, 
swellings,  and  inflammations. 

Br.  Boyle  states  the  trees  are  of  large  dimensions,  from  2^  to  7  feet  in  diameter. 
The  same  tree  that  produces  the  oil  vrould  have  produced  the  camphor  if  unmolested, 
the  oil  being  supposed  to  be  the  first  stage  of  the  camphor's  forming,  and  is  conse- 
quently found  in  younger  trees. 

OABCVBOR  BTO&IC  OliABBBSi  Glasses  called  usually  storm  glasses,  and 
sold  as  indicators  of  atmospheric  changes.  '  Storm  glasses '  are  made  by  dissolving 
camphor  2^  drachms,  nitre  38  grains,  ssl-ammoniac  38  grains,  water  9  fiuid  drachms, 
rectified  spirit  of  wine  1 1  fluid  drachms. 

Plumose  cnrstals  form  in  the  glass,  and  are  said  to  condense  and  collect  at  the 
bottom  of  the  botUe  on  the  approaoi  of  a  storm,  and  to  rise  up  and  difPiue  themselves 
through  the  liquid  on  the  approach  of  fine  weather ;  but  Dr.  Panion  thinks  that 
their  weather-predictdng  qualities  are  false,  and  that  light  is  the  agent  which,  together 
with  temperature,  influences  the  condition. 

GAIB-VOOB.  An  African  dje  wood,  shipped  prindpally  tcom  Sierra  Leone,  in 
short  logs.  Mr.  G.  Loddiges,  in  his  Botanical  Cabinet^  flgnres  the  plant  produdng  it 
under  the  name  of  Bapkia  niiida;  it  is  a  leguminous  plant,  and  has  been  introduced 
into,  and  has  flowered  in  this  countiv. 

dlWATIA  BATiglfcM»  A  product  of  the  Abies  balsamea,  fjii  balm  of  Gilead  fir. 
The  finest  variety  of  this  balsam  is  used  for  mounting  objects  for  the  microscope. 
See  Balsam. 

CAVABA  WJULTMBu  Tin  plates,  so  called  by  having  been  made  for  the 
Canadian  trade. 

OAVABA  BXOB.    The  ZUrania  aqwOioat  a  Canadian  grass. 

OAVABA  BVOAS.    A  dark  sugar  made  from  the  sugar  maple,  Acer  saccharinum, 

CA»ABA  TSUbOV  BOOT.  The  Hydraatie  Canadenaie  {Xantharhiea),  a 
shrub  growing  in  North  America,  so  named  from  the  colour  of  its  root  It  is  in- 
tensely bitter,  hence  it  is  used  as  a  tonic  medicine,  and  a  good  yellow  dye  is  extracted 
from  its  roots.  

OAVAJUCUIK  OOmnram.  a  small  tree,  growing  in  India,  Ceylon,  and 
various  parts  of  the  Eastern  Archipelago.  It  is  probably  we  source  of  the  concrete 
resinous  exudation  commoply  known  as  Oum  SXemi,    See  Elrxi. 

OAVAKT  lVtK>B.  A  wood  is  imported  into  this  country  under  the  name  of 
Madeira  mahogany,  which  appears  to  be  this  canary  wood.  It  is  the  produce  of  the 
Eoval  Bay,  Laurue  indiM,  &  native  of  the  Canary  Islands.  It  is  rather  a  lifi^t  wood, 
and  of  a  yellow  colour. 

OAVASTSK.  An  American  tobacco,  so  called  from  the  peculiar  rush  basket  in 
which  it  was  imported. 

CAVAVBA.  The  leaves  of  the  canauba  tree  of  Bradl  (Copemicia  cerifera)  yield 
a  wax  which  appears  to  be  the  same  as  that  produced  by  the  Carnauba  Palm. 

CANB  or  KAJTBt    A  name  in  some  mining  districts  for  Fluor  spar. 

OANBlbB.  {ChanddUt  Fr. ;  Kerzct  Licht,  Grer.)  Candles  are  either  dipped  or 
moulded.  As  the  quality  of  the  candle  depends  on  the  material  employed  in  its 
manufacture,  the  first  part  of  the  tallow-chandler's  process  is  the  sorting  of  the  tallow. 
Mutton  suet  with  a  proportion  of  ox  tallow  is  selected  for  mould  candles,  because  it 
gives  them  gloss  and  consistence.  Coarser  tallow  is  reserved  for  the  dipped  cancUes. 
After  being  sorted,  it  is  cut  into  small  pieces,  preparatory  to  being  melted  or  rendered ; 
and  the  sooner  this  is  done  after  the  fat  is  taken  from  the  carcase  the  better,  because 
the  fibrous  and  fleshy  matters  mixed  with  it  promote  its  putrefaction.  Tallow  is  too 
commonly  melted  by  a  naked  flre  applied  to  the  botton  of  the  vessel,  whereas  it  should 
be  done  either  in  a  cold  set-pan,  where  the  flame  plays  only  round  the  sides  a  little 
way  above  the  bottom,  or  in  a  steam-cased  pan.  After  being  fused  a  considerable 
time,  the  membranous  matters  collect  at  the  sur£EU!e,  constituting  the  cracklingi  used 
sometimes  for  feeding  dogs,  after  the  fat  has  been  squeezed  out  of  it  by  a  press.  The 
liquid  tallow  is  strained  through  a  deve  into  anothei^  copper,  where  it  is  treated  with 
water  at  a  boiling  temperature,  in  order  to  wash  it/    After  a  iHiile,  irhm  the  foul 
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water  hflfl  setUdd  to  tlie  bottom,  the  purified  tallow  is  lifted  out,  bj  means  of  tinned 
iron  backets,  into  tabes  of  moderate  sise,  where  it  concretes,  and  is  ready  for  use. 

It  is  a  remarkable  dzcamstance,  that  the  wicks  for  the  best  dipped  candles  are  still 
cotton  rovings  imparted  firom  TnAej,  notwithstanding  the  vast  extension  and  perfec- 
tion of  cotton-spinning  in  this  ooantry.  Foot  or  more  of  these  Turkey  skeins,  according 
to  the  intended  thickness  of  the  wick,  are  wound  off  at  once  into  bottoms  or  clues,  and 
afterwards  cut  by  a  simple  machine  into  lengths  correspondinjB;  to  those  of  the  candles 
to  be  made.  The  operations  for  cutting,  twisting,  and  speading  wicks,  are  performed 
upon  a  series  of  threads  at  once.  The  apparatus  is  placed  in  a  box,  in  f^nt  of  which 
the  operator  sits.  A  reel  extends  across  the  box  at  the  hinder  part,  upon  which  the 
cotton  threads  have  been  preyiously  wound :  &om  this  reel  they  are  drawn  off  into 
proper  lengths,  doubled,  and  cut  by  an  ingenious  mechanisoL  By  dipping  the  wicks 
into  the  melted  tallow,  rubbing  them  between  the  palms  of  the  hands,  and  allowing 
the  tallow  which  adheres  to  harden,  they  may  be  anan^  with  fftdlity  upon  the 
broaches  for  the  purpose  of  dipping.  The  dippng  room  is  furnished  with  a  boiler 
for  melting  the  tallow,  the  dipping  mould  or  dstem,  and  a  large  T^eel  for  supporting 
the  broaches.  From  the  oeibng  of  the  workshop  a  long  baSanced-shaped  beam  is 
suspended,  to  one  end  of  which  a  wooden  frame  is  attached  for  holding  the  broaches 
with  the  wicks  arranged  at  proper  distances.  The  opposite  arm  is  loaded  with  a 
weight  to  counterbalance  the  wooden  frame,  and  to  enable  the  worionen  to  ascertain 
the  proper  size  of  the  candles.  GUie  end  of  the  lerer  which  supports  the  frame  is 
placed  immediately  above  the  dipping  astern ;  and  the  whole  machine  is  so  balanced 
that,  by  a  gentle  pressure  ckT  the  hand,  the  wieks  are  let  down  into  the  melted  tallow 
as  often  as  may  be  required. 

The  following  is  a  convenient  apparatus  for  dipping  candles.  In  the  centre  of  the 
dipping-xoom  a  strong  upright  post  a  a,  (fy.  402)  is  erected,  with  taming  iron  pivots 

at  its  two  ends.    Near  its  middle, 
402  six  mortices  are  cut  at  small  dis- 

tanoes  from  one  another,  into  eadi 
of  which  is  inserted  a  long  bar  of 
wood,  B  B,  which  moves  vertically 
upon    an  iron    pin,    also   passing 
through  the  miqdle  of  the  shaft. 
The  whole  presents  the  appearance 
of  a  large  horizontal  wheel  with 
twelve  arms.    A  complete  view  of 
two  of  them  only  is  given  in  the 
figure.    From  the"  extremity  of  each 
arm  is  suspended  a  frame,  or  port, 
as  the  workmen  call  it,  containing 
6  rods,  on  each  of  which  are  hung 
18  wicks,  making  Uie  whole  num- 
ber of  wicks  upon  the  wheel  1,296. 
The   machine,    though  apparently 
heavy,  tarns  round  by  the  smallest 
eflfint  of  the  worionan ;   and  each 
port,  as  it  comes  in  succession  over 
the  dipping-mould,  is  gently  pressed 
downwards,  by  which  means   the 
wicks  are   regularly  immersed   in 
melted  tallow.    As  the  arms  of  the  lever  are  all  of  the  same  length,  and  as  each  is 
loaded  with  nearly  the  same  weight,  it  is  obvious  that  they  will  idl  naturally  assume 
a  horizontal  position.    In  order,  however,  to  prevent  any  oscillataon  o£  the  machine 
in  turning  round,  the  levers  are  kept  in  a  horizontal  position  by  means  of  small 
chains,  a  a,  one  end  of  which  is  fix^  to  the  top  of  the  upright  shaft,  and  the  other 
tenninates  in  a  small  square  piece  of  wood  b,  which  exactly  fills  the  notch  c  in  the  lever. 
As  one  end  of  Uio  levers  must  be  depressed  at  each  dip,  the  square  piece  of  wood  is 
thrown  out  of  the  notch  by  the  workman  pressing  down  the  handle  d,  which  com- 
municates with  the  small  lever  e,  inserted  into  a  groove  in  the  bar  b.    In  order  that 
the  square  piece  of  wood  fixed  in  one  extremity  of  the  chain,  may  recover  its  position 
upon  the  workman's  raising  the  port,  a  small  cord  is  attached  to  it,  which  passes  over 
a  pulley  inserted  in  a  groove  near  c,  and  communicates  with  another  pulley  and  weight, 
which  draws  it  forward  to  the  notch.    In  this  way  the  operation  aS  dipping  may  be 
conducted  by  a  single  workman  with  perfect  ease  and  re^fiilarity,  and  even  despatch. 
No  time  is  lost,  and  no  unneoessaiy  labour  expended,  m  removing  the  ports  after 
each  dip ;  and,  besides,  the  process  of  cooling  is  muc^  acceleratea  by  the  candles 
being  keptiucoofltaAt  mbtion  through  the  air.     The  number  of  revoiutioiis  which 
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the-  wheel  must- make,  in  order  to  complete  Ofle  operatfon,  most  obTionBlj  depend 
iipon  the  state  of  the  weather  and  the  size  of  the  candles ;  but  it  is  said  that»  in 
moderately  cold  weather,  not  more  than  two  hoon  are  necessary  for  a  single  person  to 
finish  one  wheel  of  can<Ue8  of  a  common  size.  Upon  the  supposition,  theieibre,  that 
SIX  wheels  are  completed  in  one  day,  no  less  a  number  than  7*776  candles  will  be 
maunfactured  in  that^  space  of  time  by  one  woidonan. 

The  process  of  moulding  is  eyen-less  complicated  in  its  details  than  that  of  dipping. 
The  moulds  are  made  of  some  metallic  substance,  usually  pewter,  and  consist  of  two 
parts.  The  shaft  or  great  body  of  the  mould  is  a  hollow  cylinder,  finely  polished  in 
the  inside,  and  open  at  both  extremities.  The  top  of  the  mould  is  a  small  metallic 
cup,  having  a  moulding  within-side,  and  a  hole  to  admit  the  wick.  The  two  narts 
are  soldered  together,  and  when  united*  as  will  readily  be  imagined,  have  the  shape 
of  a  moulded  ^ndle.  A  third  piece,  called  the  foot,  is  sometimes  added :  it  is  a  kind  of 
small  ftinnel,  through  whidb  the  liquid  tallow  runs  into  the  mould,  and  being  screwed 
to  the  opposite  extremity  of  the  shaft,  is  removable  at  pleasure.  This  additional 
piece  may  certainly  be  useful  in  very  mild  weather ;  since,  by  rsmoTing  it,  the  candles 


may  be  drawn  more  easily  from  the  moulds ;  but,  in  general,  it  may  be  dispensed  with. 

Eigiht  or  twelve  of  these  moulds,  according  to  their  size,  are  fixed  in  a  name,  which 
bears  a  great  resemblance  to  a  wooden  stool,  the  upper  surface  of  which  forms  a  kind 
of  trough.  The  tops  of  the  moulds  point  downwaras,  and  the  other  extremity,  which 
is  open,  is  inserted  into  the  trough  or  top  of  the  stool,  and  made  quite  level  with  its 
upper  surface.  In  order  to  intM)duce  the  wicks  into  the  mould,  the  workman  lays 
the  frame  i^pon  its  side  on  an  a<^oining  table,  and  holding  in  his  left  hand  a  quantity 
of  wicks,  previously  cut  to  the  proper  length,  he  introduces  into  the  mould  a  long 
wire  with  a  hooked  poinU  As  soon  as  the  hook  of  the  wire  appears  through  the  hole 
in  the  top  of  the  mould,  he  attaches  to  it  the  looped  end  of  the  wick,  and,  immediately 
drawing  back  the  wire,  brings  the  wick  along  with  it.  In  this  manner  each  mould  in 
succession  is  furnished  with  a  wick.  AnoUier  woskman  now  follows,  and  passes  a 
small  wire  through  the  loop  of  each  wick.  This  wire  is  obviously  intended  to  keep 
the  wick  stretched,  and  to  prevent  it  firom  fiiUing  back  into  the  mould  upon  the  ^mo 
being  placed  in  the  proper  position  for  filling.  The  frame  is  then  handed  to  the 
person  that  fills  the  moulds,  who  previously  arranges  the  small  wires  in  such  a  manner 
that  each  wick  may  be  exactly  in  the  axis  of  the  mould. 

The  moulds  are  filled  by  running  tallow  into  each  of  them,  or  into  the  trough,  from 
a  dstem  furnished  with  a  code,  9M  which  is  regularly  supplied  with  tallow  of  the 
proper  temperature  from  an  at^oining  boiler.  When  the  workman  observes  that  the 
moulds  are  nearly  half  filled  he  turns  the  cock,  and  laying  hold  of  that  portion  of  the 
wick  which  hangs  out  of  the  mould,  pulls  it  tight,  axid  thus  prevents  ai^  curling  of 
the  wick,  which  might  iigure  the  candles ;  he  t£en  opens  the  cock,  and  completes  the 
process  of  filling.  The  frame  is  now  set  aside  to  cool;  and  when  the  tallow  has 
acquired  a  proper  consistence,  which  the  workman  easily  discovers  by  a  snapping 
noise  emitted  by  the  candles  upon  pressing  his  thumb  against  the  bottom  <n  the 
moulds,  he  first  withdraws  the  small  wires  which  kept  the  wicks  .tense,  and  then, 
scrapng  off  the  loose  tallow  from  the  top  of  the  frame  with  a  small  wooden  spade,  he 
introduces  a  bodkin  into  the  loop  of  the  wick,  and  thus  draws  each  candle  in  suc- 
cession from  its  mould.  The  candles  are  now  laid  upon  a  table  for  inspection,  and 
afterwards  removed  to  the  storehouse.  Previous  to  storing  them  up,  some  candle-  - 
makers  bleach  their  candles,  by  exposing  them  to  the  air  and  dews  for  several  days. 
This  additional  labour  can  be  necessary  only  when  the  dealer  is  obliged  to  have  early 
sales ;  for  if  the  candles  are  kept  for  some  months,  as  they  ought  to  be,  before  they 
are  brought  to  market,  they  become  sufficiently  whitened  by  age. 

Wax  Candl€8,—^ext  to  tallow,  the  substance  most  employed  in  the  manufitcture 
of  candles  is  wax.  Wax  candles  are  made  either  by  the  hand  or  with  a  ladle.  In  the 
former  case,  the  wax,  being  kept  soft  in  hot  water,  is  applied  bit  by  bit  to  the  wick, 
which  is  hung  from  a  hook  in  the  wall:  in  the  latter,  the  wicks  are  hung  round  an 
iron  circle,  placed  immediately  over  a  large  copper-tinned  basin  full  of  melted  wax, 
which  is  poured  upon  their  tops,  one  after  another,  by  means  of  a  large  ladle.  When 
the  candles  have  by  either  process  acquired  the  proper  size,  they  are  taken  from  the 
hooks,  and  rolled  upon  a  table,  usually  of  walnut-tree,  with  a  long  square  instrument 
of  box,  smooth  at  the  bottom. 

Spermaceti  Candles  are  moulded  in  the  same  manner  as  those  composed  of  stearine, 
or  stearic  add,  to  be  described  presently. 

In  June  1825,  M.  Qay-Lussac  obtained  a  patent  in  England  for  making  candles  from 
Tnargarie  and  steario  aeids,  called  stearinet  by  converting  tallow  into  the  above  fiat 
adds  by  the  foUowing  process : — ^Tallow  connsts,  by  Chemul's  researches,  of  etearinet 
a  solid  fiit,  and  oleme,  a  liquid  fiat;  the  former  being  in  much  the  larger  proportion. 
When  tallow  is  treated  with  an  alkaline  body,  sw&  aB-potash,  soda,  or  lime,  it  is 
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saponified ;  that  is,  its  stearine  and  oleine  become  reepeetiTely  steaiio  and  olde  adds^ 
and,  as  snch,  form  compounds  with  these  bases.  When  by  the  action  of  an  add,  sndi 
as  the  sniphnric  or  mnriatic,  these  combinations  are  decomposed,  the  &ts  reappear  in 
the  altered  form  of  stearic  and  oleic  adds ;  the  former  body  bdng  harder  than  tallow, 
and  of  a  texture  somewhat  like  spermaceti,  the  latter  body  bdn^  fluid  like  oiL  '  The 
decomposition  of  the  soap  should  be  made,'  says  ihe  patentee,  'm  a  laige  quantity  of 
water,  kept  well  stirred  during  the  operation,  and  warmed  by  steam  introduced  in  any 
conyenient  way.  When  the  mixture  has  been  allowed  to  stand,  the  add  of  the 
tallow  or  fat  will  rise  to  the  surfetce,  and  the  water  being  drawn  cff^  will  car^  the 
alkaline  or  saline  matters  with  it;  but,  if  the  adds  of  the  tallow  should  retain  any 
portion  of  the  salts,  fresh  water  may  be  thrown  upon  it^  and  the  whole  well  agitated, 
until  the  adds  haye  become  perfectly  £ree  from  the  alkaline  matters;  and  when  allowed 
to  cool,  the  adds  will  be  formed  into  a  solid  mass.  The  mass  is  now  to  be  submitted 
to  considerable  pressure  in  such  an  apparatus  as  is  employed  in  expressing  oil  ftom 
seeds ;  when  the  fi^uid  add  will  run  offm  the  form  of  a  substance  resembling  oil,  leaying 
a  solid  matter,  similar,  in  eyery  respect,  to  spermaceti,  whidi  is  fit  for  making  candles/ 

The  wick  to  be  used  in  the  manu&cture  of  the  stearine  cuidles,  and  which  forms 
one  of  the  features  of  this  inyention,  is  to  be  made  of  cotton  yam,  twisted  rather  hard, 
and  laid  in  the  same  manner  as  wire  is  sometimes  coiled  roimd  the  bass  strings  of 
musical  instruments.  For  this  purpose,  straight  rods  or  wires  are  to  be  procured,  of 
suitable  lengths  and  diameters,  accoraing  to  the  intended  sise  of  the  candles  about  to 
be  made ;  and  these  wires,  haying  been  coyered  with  cotton  coiled  round  thsm,  as 
described,  are  to  be  inserted  in  the  candle  moulds  as  the  common  wicks  are ;  and 
when  the  candle  is  made,  and  perfectly  hard,  the  wire  is  to  be  withdrawn,  leaying  a 
hollow  cylindrical  aperture  entirely  through  the  middle  of  the  candle.  The  first  suc- 
cessful application  of  the  fat  acid,  or  stearic  candles,  appears  to  haye  been  made 
by  Messrs.  Motard  and  Nilly.  They  made  stearine  candles,  which  thejr  called 
*  louffiea  de  Vkoikt*  for  which  the  *  Sod^  of  Encouragement '  yoted  them  thdr  silyer 
medaL    See  Stbabinb. 

Messrs.  Hempbell  and  Blundell  haye  ^en  a  yei^  minute  account  of  the  process  for 
making  palm-oil,  fitearfe  and  maigaric  adds,  in  their  spedfication  of  thdr  patent  fbr 
this  nwde  of  mamifactoring  candles : — 

1.  Their  first  process  is  called  crystaUiaationt  which  consists  in  pouring  the  melted 
pahn-oil  into  iron  pans,  allowing  it  to  cool  slowly,  whereby,  at  about  76^  F.,  the 
oleine  separates  firom  the  ciystaUine  stearine  and  maifgarine. 

2.  The  concreted  oil  is  subjected  to  the  action  of  an  hydraulic  press,  in  order  to 
separate  the  oleine  from  the  solid  fats. 

3.  This  process  is  caHed.  oxidation.  To  104  lbs.  of  the  stearine  and  margarine, 
melted  in  an  iron  pan,  about  12  lbs.  of  slaked  and  sifted  quicklime  are  added,  with 
diligent  stirring,  during  whidi  the  temperature  is  to  be  slowly  raised  to  240^  F.,  and 
so  maintained  for  about  3  hours,  till  a  perfect  diemical  combination  takes  place. 
This  is  shown  by  the  mass  becoming  thin,  transparent,  and  assuming  a  glassy  appear- 
ance when  it  cools.  The  fire  being  now  withdrawn,  cold  water  is  added,  yery  gradually 
at  first,  with  brisk  stirring  till  the  iHiole  mass  fidls  into  a  state  of  powdery  granulation, 
when  it  is  passed  through  a  wire  sieye  to  break  down  any  lumps  that  may  remain. 

4*  SepanOion  of  the  Btiane  and  Nargar^  For  this  purpose, 

as  mucn  muriate  of  lime  (chloride  of  caldum)  is  taken  as  will,  with  its  equiyalent 
quantity  of  sulphuric  add  (8  lbs.  of  dry  muriate  of  lime,  require  7  lbs.  of  the  strongest 
sulphuric  add),  produce  as  much  muriatic  add  as  will  dissolye  the  lime  combined  with 
the  &t  adds :  and  therefore  that  quantity  of  muriate  of  lime  dissolyed  in  water  must 
be  treated  with  as  mudi  sulphuric  add  as  will  saturate  its  lime  and  throw  it  down  in 
the  state  of  sulphate  of  lime.  Add  the  supernatant  solution  of  muriatic  add  in 
such  proportion  to  the  stearate  and  margarate  of  lime  as  will  rather  more  than  saturate 
the  lime.  Three  pounds  of  muriatic  add  diluted  with  9  lbs.  of  water  are  stated  as 
enough  for  1  lb.  of  lime.  The  mixture  is  to  be  let  alone  for  3  or  4  days,  in  order  to 
insure  the  complete  separation  of  the  lime  from  the  fat  adds ;  and  then  the  mixture 
is  heated  so  as  to  melt  and  cause  them  to  separate  in  a  stratum  on  the  top  of  the 
liquid.  The  resulting  muriate  of  lime  is  drawn  off  into  another  tub,  and  decomposed 
by  its  dose  of  sulphuric  add,  so  as  to  liberate  its  muriatic  acid  for  a  fresh  operation. 

6.  The  &t  ados,  being  well  washed  by  agitation  with  hot  water,  are  then  set  to  cool 
and  crystellise,  in  which  state  they  are  subjected  to  the  action  of  the  hydraulic  press,  at 
a  temparature  of  75*^  F.,  whereat  the  margaric  add  runs  off  from  the  solid  stearic  add. 

6.  iUaekinff,  The  stearic  add  is  taken  from  the  press,  and  exposed  tipon  water  in 
large  shallow  yessels  placed  in  the  open  air,  where  it  is  kept  at  the  melting  temperature 
from  1  to  12  hours,  stirring  meanwhile,  in  order  to  promote  the  blanching  action  of  the 
atmosj^here.    The  maigaric  add  is  bleadied  in  a  similar  manner  in  sepu^ate  yessels. 

7.  R^imiig  PnoeM.    The  &t  is  wanned  again,  and  ponied  in  a  liquid  state  into  an 
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agitAtii^  tub ;  iHiere,  for  every  1,000  lbs.  of  the  stearic  add,  about  2|  lbs.  of  eommon 
black  oxide  of  manganeee,  and  40  lbs.  of  concentrated  snlphnric  add,  dilated  with 
200  Ibe.  of  pare  water  are  to  be  need.  This  solution  ('  mixtuie  *),  while  warm  from 
the  heat  evolyed  in  diluting  the  add,  is  placed  in  a  suitable  Teesel  above  the  agitating 
tub.  The  stearic  add  beinft  at  the  melting  point,  in  the  yessel  below,  agitation  is  to 
be  giTon  with  a  rerolving  shaft,  while  the  mixed  manganese  and  add  are  run  slowly 
down  into  it,  till  the  whole  be  well  mixed,  which  generally  requires  about  two  hours. 
The  mass  is  allowed  to  lie  in  this  state  for  48  hours ;  after  whidi  it  may  be  boiled  by 
steam  for  2  or  8  hours,  when  it  will  be  suffidently  refined.  The  sulphuric  add,  whidi 
is  at  the  bottom,  is  now  run  ofl^  and  the  stearic  acid  which  remains  is  well  washed  with 
pure  water.  It  is  tiien  put  into  large  conical  yessels  of  stone-ware,  indosed  in  a  box 
or  jacket^  kept  warm  hj  steam-heat,  and  lined  with  conical  bags  of  a  suitable  strong 
filtering  paper,  through  which,  being  warm,  it  finds  its  way :  and  when  the  stearic 
add  has  been  thus  filtered,  it  is  run  into  blocks,  when  it  will  be  found  to  be  a  beau- 
tittxi  stearic  add  or  palm-wax,  and  is  ready  to  be  made  into  candles  in  the  usual  way. 

llie  chief  solid  constituent  of  jMtlm-oil  is  margaric  add.  This  they  direct  to  be 
melted  with  tallow,  in  the  proportion  of  from  10  to  20  lbs.  of  the  former  to  100  lbs.  of 
the  latter.    See  Newton's  Journal,  C,  8.,  xi.  207. 

Messrs.  Price  and  Co.  introduced,  in  1S40,  on  the  occadon  of  Her  Majesty's  marriage 
(when,  for  the  illuminations,  a  cheap  self-snufiSng  candle  was  required),  a  new  compo- 
site cajidle,  which  was  a  mixture  of  stearic  add  and  cocoa-nut  stearine.  Mr.  George 
Qwynne,  in  1840,  patented  a  process  for  puri^ng  the  ftitty  adds  by  distiUataon ;  this 
was  followed  bv  a  similar  patent  by  Dubrunfimt ;  and  Mr.  Wilson,  of  Behnont,  Vaux- 
haU,  obtained  in  August  1842,  a  patent  fbr  im|iJtovements  in  treating  fhts  for  making 
candles.    These  adyances  led  to  many  modifications  in  candle-manufocture. 

If  distilled  fats  are  used  in  making  oomposito  candles,  they  are  bleadied  and 
hardened  in  that  operation.  When  palm-dl  is  the  material,  it  is  first  saponified,  then 
distilled,  granulated  by  Aision  and  slow  cooling,  and  cold-pressed;  by  which 
means  stearic  add  and  a  light-coloured  oil  are  obtained,  which  may  be  mixed  with 
the  stearine  of  cocoa-nut  oil,  or  other  stearine.  A  dieaper  artide  may  be  had  by 
mixing  the  entire  product  of  the  aboye  distillation  with  half  its  weight  of  distilled 
and  cold-^nressed  stearic  add  of  tallow.  Tallow  is  depriyed  of  its  oleine  by  pressure, 
accompamed  by  artificial  cold  if  necessaiy;  this  bdnjg;  added  to  the  other  hard 
matter,  the  mixture  is  oonyerted  into  £&tty  adds,  and  distSled,  and  the  entire  product 
of  distillation  is  employed  tor  making  candles ;  or  it  may  be  pressed  to  make  them 
harder.  As  distilled  stearic  add  is  more  ci^rstalline  than  undistiUed,  2  or  4  per  cent, 
of  wax  may  be  added  to  assist  the  combination  of  the  £&tty  add  with  the  stearine. 

Gandlee  consisting  of  ahemate  layers  of  tallow  and  stearine  haye  been  made  Iby 
dipping  their  wicks  alternately  in  these  two  fifttty  bodies  in  a  fluid  state.  Mr.  W. 
Sylraehas  gone  to  the  expense  of  a  patent  on  the  contriyanoe.  The  wicks  are 
impregnated  with  a  solution  of  bismuth  or  boiax. 

In  a  lecture  deliyered  before  the  Sodety  of  Arts  by  Mr.  Wilson,  and  published  in 
their  Journal,  he  described  the  progress  of  the  more  recent  inmroyements.  In  this  he 
says: — *  Candles,  beautifal  in  appearance,  were  made  hy  distilling  ^e  cocoa-nut 
acids ;  but,  on  patting  them  out,  they  gaye  off  a  choking  yaponr,  which  produced 
Tiolent  coup^ng.'  This  preyented  those  candles  from  being  brought  into  the  market. 
'  By  distilling  cocoa-nut  lime-soap,  we  made  beautifyil  candles,  resembling  those  made 
from  paiafflne,  burning  perfectly ;  but  the  loss  of  material  in  the  process  was  so  great, 
that  the  subsequent  improyements  superseded  its  use.  Under  one  part  of  this  patent, 
the  distillation  was  carried  on  sometimes  with  the  air  partially  exduded  £rom  the 
apparatus  by  means  of  the  yapour  of  water,  sometimes  without,  the  low  eyaporatang 
point  of  the  cocoa-nut  adds  rendering  the  exdudon  of  air  a  matter  of  much  less 
importance  than  when  distilling  other  fat  adds.'  At  this  time,  in  conjunction  with 
3Ir.  Jones,  Mr.  Wilson  appears  to  haye  first  tried  udng  the  yapour  of  water  to  exdude 
the  air  from  the  apparatus  during  distillation.  This  led,  in  1842,  Messrs.  £.  Price  and 
Ca  to  patent,  in  the  names  of  Wilson  and  Jones,  a  process  which  inyolyed  the  treatment 
of  &te,  preyiously  to  distilktion,  with  sulphuric  add,  or  nitrous  gases.  M.  Erimy,  in  his 
yaluable  paper  in  the  *  Annales  de  Chimie,'  describes  treating  oils  with  half  their 
wdg^t  of  concentrated  sul^^uric  add,  by  which  thdr  melting  point  was  greatly 
raiMd.  He  gaye,  howeyer,  particular  directions  that  the  matter  under  process  should 
be  kept  cool.  Instead  of  doing  this,  Mr.  Wilson  found  it  adyantageous  to  expose 
the  mixture  of  &t  add  and  fat  to  a  high  temperature,  and  this  is  still  done  at  Price's 
works. — 

'  Our  process  of  sulj^uric  add  saponification  was  as  follows  .^3iz  tons  of  the 
material  employed — ^usually  palm-oil,  though  occasionally  we  work  cheap  animal  fat, 
yegetable  oils,  and  butter,  and  Japan  wax — ^were  exposed  to  thecombined  action  of 
6}  cwts.  of  concentrated  sulphuric  add,  at  a  temperature  of  d50^  F.    In  this  process 
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the  glyoerine  is  deoompoeed,  lazge  Tolomes  of  snlphuotiB  acid  are  giTen  dS,  and  the  &t 
is  changed  into  a  miztnie  of  fat  adds,  with  a  very  high  melting  Mint  This  is 
washed,  to  free  it  firam  charted  matter  and  adhering  snlphnric  aeia,  and  is  then 
transferred  into  a  still,  from  which  the  air  is  excluded  by  means  of  steam.  The 
steam  need  by  as  is  heated  in  a  series  of  pipes  similar  to  those  used  in  the  hot^blast 
apparatus  in  the  mannfSeMSture  of  iron,  the  oqjeet  of  heating  the  steam  being  only  to 
save  the  still,  and  reduce  to  a  small  extent  gaseous  loss  in  distillation.'  *  We  still,' 
says  the  patentee, '  employ  this  process,  and  in  some  cases  reduce  the  quantity  of  add 
employed  to  4  lbs.,  and  eren  8  lbs.,  to  a  cwt.  of  the  fat' 

Vegetable  tallow  melts  at  a  degree  of  heat  somewhat  abore  that  of  animal  tallow, 
but  considerably  below  that  of  ye^etable  wax.  Mr.  Wilson  treats  his  tallow  by 
putting  6  tons  of  it  into  an  iron  stdl  capable  of  holding  9  tons,  heats  it  gradually 
to  350''  F.,  and  then  adds  gradually  1,440  lbs.  of  sulphuric  add  of  1*8  spedficgrayity. 
At  the  eniration  of  about  2  hours,  the  tallow  is  pumped  into  a  yessel,  containing 
water  slightly  addukted  with  sulphuric  add ;  and  is  therdn  agitated  by  free  steam 
passing  uirough  it  for  2  hours.  The  materials  are  then  left  to  repose  for  6  hours ; 
both  these  vessels,  and  the  former,  should  be  proyided  with  a  coyer  and  a  means  of 
conveying  the  gases  which  may  be  eyolyed  into  a  chimnrf.  The  vegetable  tallow  is 
next  distilled  in  such  a  manner  thai  the  atmosphere  is  excluded.  This  is  best  eflfoeted 
by  the  use  of  steam  highly  heated,  which  he  introduces  into  the  still,  in  numerous 
jets  below  the  tallow.  The  distilled  products  are  received  into  condensers,  and  they 
may  be  used  alone,  or  they  ma^  be  mixed  with  other  matters  for  making  the  best 
dass  of  candles.  The  patentee  unprovee  parafflne  by  a  like  process.  He  makes  candles 
with  2  or  8  wicks,  by  mixing  palm-oil  pressed  with  tallow,  or  the  above  distilled  fat, 
for  burning  in  candle  lamps. 

In  1864,  Mr.  Tighlman  obtained  a  patent  for  the  exposure  of  fS&ts  and  oils  to  the 
action  of  water  at  a  high  temperature,  and  under  great  pressure  in  order  to  cause  the 
combination  of  the  water  with  the  elements  of  tl^  neutral  fats ;  so  as  to  prodnoe  at 
the  same  time  free  &t  add  and  solution  of  glycerine.    See  C^tobbdgl 

He  proposed  to  effect  this  by  pumping  a  mixture  of  &t  and  water,  by  means  of  a 
force-pump,  through  a  coil  of  pipe  heated  to  about  612^  F.,  kept  under  a  pressure  of 
about  2,000  lbs.  to  the  square  inch ;  and  he  states  that  the  veJBsel  must  be  dosed,  so 
that  the  requisite  amount  of  pressure  may  be  applied  to  prevent  the  conversion  of 
water  into  steam.  Mr.  Wilson  improved  upon  this  process,  by  pasdng  steam  into 
fat  at  a  high  temperature ;  and  b^  this  process  hundreds  of  tons  of  palm-oil  are  now 
treated,  l^e  glycerine  and  fat  distil  over  together,  but  no  longer  combined ;  and  the 
former,  being  separated,  is  subjected  to  a  redistillation,  by  whidi  it  is  purified.  This 
distillation  is  e£»cted  by  transmitting  through  the  fat  contained  in  an  iron  still,  steam 
at  about  600^  or  700^  F.,  heated  by  passing  through  irOn  ppee  laid  in  a  fire.  The 
steam  is  transmitted  till  the  oily  matter  is  heated  to  about  850^ ;  the  vapours  pro- 
duced being  carried'  into  a  high  shaft  by  a  pipe  £rom  the  cover  of  the  iron  vesseL 
The  hot  oily  matter  is  then  run  into  another  vessel  made  of  brick  lined  wiUi  lead,  and 
sunk  in  the  ground,  for  the  purpose  of  supporting  the  brick-work  under  or  against  the 
internal  pressure  of  the  fiuid.  it  has  a  ^rooden  cover  lined  with  lead,  directly  beneath 
which,  and  extending  across  the  vessel,  is  a  leaden  pipe,  1  inch  in  diameter,  having  a 
small  hole  on  each  side,  at  every  6  inches  of  its  len^ ;  and  through  this  pipe  is  intro- 
duced a  mixturo  of  1,000  lbs.  of  sulphuric  add,  specific  gravity  1*8,  and  the  same  weight 
of  water.  The  introduction  of  the  mixture,  which  fiills  in  divided  jets  into  the  heated 
&t,  produces  violent  ebullition ;  and  by  this  means  the  add  and  &t  aro  peifecUy 
incorporated  before  the  action  of  the  add  becomes  apparent,  by  any  eondderable 
discolouration  of  the  &t  As  the  ebullition  ceases,  the  fat  gradually  bladrans ;  and  the 
matter  is  allowed  to  romain  for  6  hours  after  the  violent  ebullition  has  ceased.  The 
offenmve  fames  produced  are  carried  off  by  a  laige  pipe,  which  rises  firom  the  tap  of 
the  vessel,  then  descends,  and  afterwards  rises  again  into  a  hi^  chimney.  At  the 
downward  part  of  this  ppe  a  small  jet  6£  water  is  kept  playing,  to  condense  such 
parts  of  the  vaiwurs  as  are  condensable.  At  the  end  of  the  six  hours  above  mentioned, 
the  operation  is  complete,  and  the  product  is  then  pumped  into  another  dose  vessel 
and  washed,  by  being  boiled  up  (by  means  of  free  steam)  with  half  its  bulk  of  water. 
The  water  is  drainedofil  and  tiie  washing  repeated,  except  that  in  the  second  washing 
the  water  is  addulated  with  100  lbs.  of  sulphuric  acid.  The  ultimate  product  is 
allowed  to  setUe  for  24  hours ;  after  which  it  is  distilled  in  an  atmosphero  of  steam 
~once,  or  oftener— until  well  purified;  and  the  product  of  distillation  is  again 
washed,  and  after  being  pressed  in  the  solid  state,  is  applied  to  the  manufacture  of 
candles. 

The  following  definitions  of  terms  applied  to  candles  aro  by  Mr.  l^HIson  :— 

Bdmtmt  jSp^r/n.— Made  of  hot-pressed,  distilled  pahn-add. 

BtlmaiU  frox.— The  same  material,  tinged  with  gamboge. 
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Best  Ckmpoiite  ComkU^.— Made  of  a  miztore  of  the  hard  palm-add,  and  stearine  of 
oocoa-Dut  oil. 

Oompo»Ue8,  Not,  I,  2,  and  8,  are  mado  of  palm-adds,  and  palm-adds  and  cocoa- 
nut  stearine,  the  zelatiye  proportions  varying  according  to  the  relative  market  prices 
of  palm-oil  and  cocoa-nut  oil  at  the  particular  time  when  the  candles  are  manu- 
fac&ired. 

Compante,  No,  4.— A  description  of  candle  introduced  at  a  price  a  very  little  above 
the  price  of  tedlow  dip  candles.  They  are  somei^iat  dark  in  colour,  but  give  a  good 
b'ght 

The  hifffaest  priced  candles  are  usually  made  in  the  ordinary  mould ;  but  at  Messrs. 
Price  imd  Co.'s  manu&cjtory  they  have  a  machine  for  moulding  the  ordinary  stearine 
candles,  the  others  of  a  similar  nature.  When  one  set  of  candles  is  discharged  from  the 
mould,  the  moulds  are  re-wicked  for  the  next  process  of  filling.  These  moulds  are  ar- 
ranged, nde  by  ride,  18  in  number,  on  a  frame ;  and  for  ea<m  mould  there  is  a  reel 
capable  of  hdding  60  yards  of  wick,  endosed  in  a  box.  The  moulded  candle,  being 
stul  attached  to  the  cotton  wick,  when  it  is  forced  out  of  the  mould,  brings  the  fresh 
wick  into  it  The  moulded  candles  are,  by  a  very  ingenious  contrivance,  held  firm  in 
a  horizontfld  pontion  while  a  knife  passes  across  and  severs  the  wick.  .  The  widu  for 
the  new  set  <»  candles  are  firmly  secured,  by  force^  to  the  conical  caps  of  the  moulds ; 
these  are  carried  into  a  vertical  position,  and  slid  upon  a  railway  to  a  hot  doset, 
where  they  become  sufficiently  warm  to  receive  the  to,tt  which,  kept  at  the  mdting 
point  by  steam-pipes,  is  hdd  in  a  dstem  above  the  rails ;  from  this  dstem  the  moulds 
are  filled  by  as  many  cocks,  which  are  turned  by  one  impulse.  If  we  imagine  an 
extondve  series  of  these  sets  of  moulds  travelling  from  the  machine  orer  a  railway, 
in  regular  order,  and  that,  when  the  fat  has  become  solid,  these  return,  the  candles  are 
disdukiged,  and  the  process  is  renewed— the  machine  will  be  tolerablv  well  under- 
stood. Each  madune  holds  about  200  frames  of  moulds,  and  eadi  contains  18 
bobbins,  starting  each  with  60  yards  of  cotton  wick. 

Ntgkt-IAgkU, — These  are  short  thick  cylinders  of  &t,  with  a  very  thin  wide,  so 
proportioned  one  to  the  other  that  they  bum  any  required  number  of  hours.  The 
moulds  in  which  these  are  made  are  metal  frames,  perforated  with  a  numbcor  of  cylin- 
drical holes,  and  having  a  moveable  bottom,  with  a  thin  wire  projecting  from  it  into 
every  mould.  These  are  filled  with  mdted  &t,  and  when  cold,  the  bottoms  are  forced 
up,  and  all  the  cylinders  of  fat  ejected,  each  having  a  small  hole  through  whidi  the 
wick,  a  cotton,  previously  impregnated  with  waa:,  is  inserted.  This  being  done,  tho 
night-light,  being  pressed  on  a  warm  porcelain  slab,  is  mdted  suffidently  to  cement 
tho  widL.    These  night-lights  are  burned  in  glass  cylinders,  into  which  they  fit. 

CMUPa  Niffht'Liffht*  are  melted  fat  ]^ur^  into  card-board  boxes,  which  have  a 
hole  in  the  bottom,  through  which  the  wick  and  its  metallic  support  are  placed. 

Dr.  Ure  made  a  set  d^  experiments  upon  the  relative  intensities  it  light,  and 
duration  of  di£ferent.  candles,  the  results  of  which  are  contained  in  the  following 
Table:— 


KomberinaRnuid 

Duration  of 
aOandle 

Weight  in 
Ondns 

Oonmmptioii 

per  Hour  in 

Grains 

Proportion 
ofUgtat 

Boonomy 
ofUgkt 

Oandks 

eqoalone 

Irgaod 

10  mould 
10  dipped 

8  mould 

6  ditto 
.  4  ditto 
Arganddl  flame  . 

A.     m. 

5  9 
4    86 

6  81 

7  2* 
9    86 

... 

682 

672 

866 

1160 

1707 

182 
160 
182 
168 
186 
512 

1? 

104 

20| 
69-4 

68 
664 
694 
66 
80 
100 

6-7 

6-26 

6-6 

60 

8-6 

A  Scotch  mutchkin,  or  ^th  of  a  gallon,  of  good  seal  oil,  wdg^  OOlOgr.,  or  18^  oz. 
avoirdupois,  and  lasts  in  a  bright  Argand  lamp  1 1  hours  44  minutes.  .  The  weight  of 
oil  it  consumes  per  }una  is  equal  to  4  times  the  weight  of  tallow  in  candles  8  to  the 
pound,  and  fth  tne  weight  of  tallow  in  candles  6  to  the  pound.  But  its  light  bdng 
equal  to  that  of  6  of  the  latter  candles,  it  appears  f^m  the  above  table  that  2  pounds 
wdght  of  oil,  value  Otf.,  in  an  Argand,  are  equivalent  in  illuminating  power  to  8  pounds 
of  tallow  candles,  which  cost  about  2.  shillings.  The  larger  the  fliune  in  the  above 
candles  the  greater  the  economy  of  lighU 

Mtwubat.  Gaiidlis.  Under  this  general  head  several  varieties  of  candles  have  been 
manufSetctured  at  the  works  of  Price's  Oandle  Company;  and  Uiese  candles  maim- 
factored  by  Voce's  Candle  Company,  at  Belmont  and  Sherwood,  are  made  according 
to  pMoeMWS  patontod  by  Jhu  Waoen  Do  La  Boe.    The  novelty  of  these  substances 
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conaiBts:—!.  In  the  material  from  which  they  are  obtained.  2.  In  the  method  by 
which  they  are  elaborated.    3.  In  their  chemical  constitution. 

The  raw  material  is  a  aemifimd  naphtha,  drawn  up  from  wells  sunk  in  the  neigh- 
boorhood  of  the  river  Inawaddy,  in  the  Bnrmeee  Empire.  The  geological  chamc- 
teristicB  of  the  locality  are  sandstone  and  blue  day.  In  its  raw  condition  the  snbstance 
is  used  by  the  natives  as  a  lamp-fuel,  as  a  preservative  of  timber  a^nst  insects,  and 
as  a  medicine.  Being  in  part  volatile  at  common  temperatures,  this  naphtha  is  im- 
TOrted  in  hermetically-closed  metallic  tanks,  to  prevent  the  loss  of  any  constituent 
Keichenbach,  Christison,  Gregory,  Eeece,  Young,  Wieeman  ^of  Bonn),  and  others 
have  obtained  from  -peat,  coal,  and  other  organic  minerals,  solios  and  liquids  bearing 
some  physical  resemblance  to  those  procured  from  the  Burmese  naphtha ;  but  the 
first-nazned  tncoducts  have,  in  every  instance,  been  formed  by  the  decomposition  of  the 
raw  mat^iu^  The  process  of  De  La  Bue,  is,  from  first  to  last,  a  simple  separation, 
without  chemical  diange. 

In  the  commercial  pcooesses,  as  carried  out  at  the  Sherwood  and  Belmont  Works, 
the  crude  naphtha  is  first  distilled  with  steam  at  a  temperature  of  212*^  F. ;  about 
one-fourth  is  separated  by  this  operation.  The  distillate  consists  of  a  mixture  of 
many  volatile  hydro-carbons ;  and  it  is  eztremelv  difficult  to  separate  them  from  each 
other  on  account  of  their  vapours  being  mutually  very  difihsible,  however  difi^nt 
may  be  their  boiling  pdnts.  In  practice,  recourse  is  had  to  a  second  or  third  distil- 
lation, the  products  of  whidi  are  classified  according  to  their  boiling  points  or  their 
specific  gravities,  whidi  ranse  from  0*627  to  0*860,  the  lightest  coming  over  first  It  is 
woorthy  of  notice,  that  thou^  all  these  volatile  liquids  were  distilled  from  the  original 
material  with  steam  of  the  temperature  of  boiling  water,  their  boiling  points  range 
from  80<>  F.  to  upwards  of  400<>  F. 

These  liquids  are  all  colourless,  and  do  not  solidify  at  any  temperature,  however 
low,  to  whidi  thev.have  been  exposed.  They  are  useM  for  many  purposes.  All  are 
solvents  of  caoiUxihouc  The  vapour  of  the  more  volatile,  Br.  Snow  has  found  to  be 
highly  anssthetic.  Those  which  are  of  lower  spedfie  gravity  are  called  in  oommeroe 
Skerwoodole  and  BdmotUhu  \  these  have  great  doteigent  power,  readily  removing  oily 
stains  fron  silk,  without  impairing  even  delicate  oolouls.  The  distillate  of  the  higher 
spedfie  gravity  is  proposed  to  be  used  as  lamp-fad ;  it  bums  with  a  brilliant  white 
flame ;  and,  as  it  cannot  be  ignited  without  a  wide,  even  when  heated  to  the  tempera- 
ture of  boiling  water,  it  is  safe  for  domestic  use. 

A  small  percentage  of  hydro-carbons,  of  the  bensde  series,  comes  over  with  the 
distillates  in  this  fir^  operation.  Messrs.  Be  La  Bue  and  Mfiller  have  shown  that  it 
may  be  advantageoudy  eliminated  by  nitric  add.  The  resulting  substances,  nitro- 
benzole,  &c,  are  commerdally  valuable  in  perfumery,  &c 

After  steam  of  212^  F.  has  been  used  in  uie  distillation  just  described,  there  is  left  a 
reddue,  amounting  to  about  three-fourths  of  the  orinnal  materiaL  It  is  f^ised  and 
purified  from  extzaneons  ingredients  (which  Warren  Be  La  Bue  and  H.  Muller  have 
found  to  consist  partly  of  the  colophene  series^  by  sulphuric  add.  The  foreign 
substances  are  thus  thrown  down  as  a  black  preapitate,  from  which  the  supernatant 
liquor  is  decanted.  The  black  ^redpitate,  when  freed  from  add  by  copious  washing, 
has  all  the  characteristic  properties  of  native  asphaltum.  The  fluid  is  then  transferred 
to  a  still,  and,  by  means  of  a  current  of  steam  xnade  to  pass  throu£;h  heated  iron  tubes, 
is  distilled  to  any  required  temperature.  The  distillates  obtained  by  this  process  are 
classed  according  to  their  distilling  points,  ranging  firam  300°  to  600^  F.  The 
distillations  obtained,  at  420^  F.  ami  upwards,  contain  a  solid  substance,  resembling 
in  colour  and  in  many  phprdcal  and  chemical  properties,  the  paraffine  of  Beidienbadi ; 
like  it,  it  is  electric,  and  its  chemical  affinity  is  very  feeble ;  out  there  are  reasons  fbr 
believing  that  a  difference  exists  in  the  atomic  constitntion .  of  the  two  substances. 
The  commerdal  name  of  Bdmontine  is  given  to  one  of  the  fluids,  frcm  the  Burmese 
pitch.  Candles  manu&ctured  from  the  solid  material  {Paraffine)  possess  great  illu- 
minating power.  It  is  stated  that  such  a  candle  wd^fbiiig  ^  lb.,  will  give  as  much 
light  as  a  candle  weighing  ^th  lb.  made  of  spermaceti  or  stearic  add«  Its  property  of 
fusing  at  a  very  low  temperature  into  a  transparent  liquid,  and  not  deoconposing 
below  600°  F.,  reommiends  this  substance  as  the  matenal  of  a  bath  for  chemical 
purposes.  As  to  the  fluids  obtained  in  the  second  distillation,  already  described,  they 
all  possess  great  lubricating  properties ;  and,  unlike  the  common  fixed  dls,  not  bdng 
decomposable  into  an  add,  uiey  do  not  conode  the  metals,  especially  the  dloys  of 
copper,  which  are  used  as  bearings  of  machinery.  This  averdon  to  diemical  combi- 
nation, which  characterises  all  these  substances,  aflbrds,  not  only  a  security  against 
the  bcass-woric  of  lamps  being  ii^jured  by  the  hydro-carlxm  burnt  in  t£em,  but  also 
renders  these  h^dro-carbons  the  best  detergents  of  common  ml  lamps.  It  is  an 
interesting  physical  fact,  that  some  of  the  non-volatile  liquid  hydro-carbons  possess  the 
fluorescent  pxopedy  which  Stokes  haa  found  to  reside  in  ceitain  vegetable  inftedoos. . 
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An  important  oharaoteriBtie  of  the  Burmese  naphtha  is  its  being  almost  entirely 
destitute  of  the  hydio-earbons  belonging  to  the  olefiant-gas  series.    See  Nafhtha. 

The  OzoxBBiT  candles,  so  called,  haTe  been  recently  introdnced  by  the  Messrs. 
Field  and  Co.  These  candles  are  made  of  ozokerit,  that  is  to  say  mineral  paraffine, 
also  called  mineral  wax,  which  is  found  in  beds  in  sandstone  near  SUnik  in 
Holdayia,  in  the  vicinity  of  coal-mines,  and  mineral  ealt.  It  is  also  found  in  the 
Carpathian  Mountains,  and  it  is  from  this  source  that  the  English  merchants  get 
their  suppljr.  This  material  has  a  rough  appearance,  is  of  a  brown,  greenish,  or  yellow 
colour;  it  is  tzanslucent  at  the  edges,  and  its  fracture  is  resinous.  It  is  naturally 
fragile,  but  in  softening  it  can  be  kneaded  like  wax.  If  exposed  to  the  air  it  turns 
black.  Frictiim  electriies  it  negatiyely,  and  it  emits  an  aromatic  hydro-carbonaceous 
odour.  At  the  low  temperature  of  66^  C.  it  flows,  and  other  substances,  less  fusible, 
necessary  in  the  manu&eture  of  candleacan  then  be  added.  The  power  of  the  light 
of  o»^rit  candles  can  be  deduced  from  the  experimeQts  of  Dr.  Letheby,  who  has 
shown  that  the  li^t  of  764  oiokerit  candles  equals  that  of  891  paraffins,  or  1160  wax 
candles.  Osdkent  canoes  can  be  cdoured  mauve  or  magenta,  and  then  present  a 
pleasing  appearance.    See  Pahaffims,  and  Mdisbal  Cakdub. 

Our  Exports  of  Candles  of  all  sorts  were  as  follow :— 


FlAoes 

1871 

1873 

Cwta. 

Value 

Owte. 

Value 

To  Fiance 

667,419 

£20,160 

660,477 

£18,688 

Spain  and  Canaries  . 
Ftxreign  West  Indies 

82,742 

2,784 

_ 

— 

64,896 

1,698 

_ 

— 

Central  America 

182,022 

4,880 

246,116 

7,770 

New  Granada   .        .        .        . 

217,842 

6,729 

276,888 

9,090 

Peru 

68,186 

2,678 

— 

— 

ChiU 

46,114 

1,671 

— 

— 

Channel  Islands        . 

809,048 

8,166 

601,116 

18,280 

South  Africa,  Brit  Possessions . 

875,888 

12,002 

686,106 

17,846 

Bombay  and  Sdnde  . 

76,614 

2,644 

148,712 

4,878 

Madras 

87,646 

8,086 

— 

— 

Bengal     

180,822 

6,644 

846,871 

11,184 

Australia 

1,491,778 

60,114 

1,878,182 

49,160 

British  North  America      . 

206,697 

6,709 

247,967 

8,493 

West  Indies,  Brit  Possessions  . 

987,414 

81,468 

1,019,466 

88,825 

Other  countries 

Total  . ,      . 

691,602 

20,796 

1,418,760 

48,487 

6,696,079 

£180,648 

6,806,624 

£227,491 

We  Imported  Candles  from  the  following  countries : — 


Places 

1871 

1879 

Strabimb: — 

FromBussia 

Holland       .... 
Belgium        .... 
Other  countries     . 

T6tal.        .        . 

From  Germany      .... 
Holland        .... 
Belgium        .... 
Other  countries     . 

Total.       . 

Cwti. 

11,968 
40,281 
80,266 

772 

Value 

£47,486 

140,996 

96,829 

2,861 

Owts. 

64,420 

41,214 

686 

Value 

£280,606 

161,686 

2,284 

88,286 

982 

4,177 

870 

£287,611 

8,084 

12,770 

8,220 

106,270 

2,428 

1,129 

1.872 

466 

£884,876 

£8,818 
8,007 
6,809 
1*729 

6,979 

£19,074 

6,890 

£19,866 

,  or  WUd  Cinnamon,  The  Candla  aXba^  a  tree  growing  in  the  West 
Indies.  The  bark  is  used  as  an  aromatic  and  tonic  The  negroes  of  the  West  Indies 
employ  it  as  a  condiment 

CAHa-MI&&.    The  mill  employed  for  crushing  the  sugar-cane.    See  Suoab. 

OAJTBS.  The  produce  of  various  species  of  the  genus  Calamus*  The  Calamnu 
Botang  and  C.  St^pwnwn  are  said  to  produce  the  rattan  canes  of  commerce,  but  it  is 
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probable  that  several  speoiee  are  cut  indiscriininately.  Hie  beet  xattauB  axe  obtained 
trom  Sumatra,  Borneo,  and  Malacca;  from  these  places  they  are  exported  to  I!(uope, 
Bengal,  and  China ;  in  the  latter  eoontiy  the  consumption  of  rattans  is  immense.  The 
average  annual  importation  to  this  country  amounts  to  about  11,000,000.  The  stems 
of  the  rattan  are  coated  with  a  flinty  bark ;  they  are  oanly  spHt,  and  from  them  the 
bottoms  of  chairs  and  similar  articles  are  manufactured.  The  resinous  matters  of  the 
rattan  is  the  dragon's  blood  of  commerce. 

Battan  anesare  often  counfounded  with  the  bamboo.  They  are,  however,  as  stated 
above,  the  produce  of  various  species  of  the  genus  CalamiUf  whilst  the  bamboo  is  a 
l^rass  belonging  to  the  genus  Bamhum,  Battans  are  cylindrical,  jointed,  very  tough, 
and  strong,  from  the  size  of  a  goosequill  to  that  of  the  human  wrist,  and  firom  fifty  to  a 
hundred  feet  in  length.  Thevare  used  for  wicker-work,  seats  of  chairs,  walking-sticks,  &c 

The  bamboo  is  a  plant  of  the  reed  kind,  srowing  in  the  East  Indies,  and  other  warm 
climates,  and  sometimes  attaining  the  height  of  sixty  feet.  Old  stalks  grow  to  five  or 
six  inches  diameter,  and^  are  so  hard  and  durable  as  to  be  used  for  building,  and  for 
all  sorts  of  fumitore,  for  water-pipes,  and  for  poles  to  support  palanquins.  The 
smaller  kinds  are  used  for  walking-stidu,  flutes,  &c    See  Bamboo. 

Canes  of  various  kinds  are  employed  in  manufiictures,  as  the  Sugar-cane,  &c. 
The  arundo  (th$  r^),  a  genus  of  plants  belonging  tp  the  grasses,  are  also  largely 
used.  They  are  imported  from  Spain  and  Porti^l  for  the  use  of  the  weaver,  and  for 
the  manufacture  of  fishing  rods. 

OAVmCDA  W^KIBt  called  also  in  England  Anaioq,  It  is  of  a  rose-wood  colour ; 
and  is  imported  from  the  Brazils  in  trimmed  bgs,  from  eight  to  ten  inches  diameter. 
As  a  variety  in  cabinet  work,  small  quantities  of  this  wood  are  empbyed. 

CMkMVABZO  COIIPOSZTIOV.  This  material  for  architectural  decoration  is 
described  by  Mr.  B.  Albano  to  have  a  basis  of  hemp,  amalgamated  with  resinous  sub- 
stances, carefully  prepared  and  worked  into  sheets  of  large  dimensions.. 

Ornaments  in  hi^h  relief  and  with  great  sharpness  of  detail  are  obtained  by 
pressure  of  metal  discs,  and  they  are  of  less  than  half  the  weight  of  papier-machA 
ornaments,  sufficiently  thin  and  elastic  to  be  adapted  to  wall  sur&oes,  bearing  blows 
of  the  hammer,  and  resistang  all  ordinary  actions  of  heat  and  cold  without  change  of 
form.  Its  weather  quiditiee  had  been  severely  tried  on  the  Continent,  aa  for  coverings 
of  roofs,  &c,  remaining  exposed  without  imury. 

This  composition  is  of  Italian  origin,  and  in  Italy  it  has  been  employod  for  panels, 
frames,  and  centres.  It  is  well  fittied  to  receive  bronze,  paint,  or  Tarnish;  the 
material  is  so  hard  as  to  allow  gold  to  be  burnished,  after  gildttng  tho  ornaments 
made  of  it  

OAVVABBi  ZXIHCOA.    Indian  hemp.    See  Hxmp. 

OAMWAMMM  SATZVA.    Common  hemp.    See  Hocp. 

OAmABZira.  A  poisonous  resin  extracted  from  hemp  (CannahU  toHva), 
The  narcotic  properties  of  ehodeHteh  or  bamg  depend  on  the  presence  of  this  resin. 

OAMA  aumLZS.  The  rhiaomeis  or  tubers  of  this  plEuit  are  supposed  to  yield 
the  starch  known  in  commerce  as  TouB4e9-moiB^  but  it  is  probably  derived  from 
C.  glauca  or  C,  Ackiras,   (Pereira ;  Bentley  and  Bedwood,  1872).   See  Tous-us-Mois. 

OAnaZi  OOAZi  is  generally  considered  to  be  a  variety  of  bituminous  coal.  Its 
name  Canw^,  a  candle,  is  derivea  from  the  readiness  with  which  it  kindles  and  bums 
with  flame.  Cannel  coal  is  obtained  most  abundantly  in  Lancashire,  especially  around 
Wigan,  whidi  district  produces  650,000  tons  per  annum,  while  the  Manchester 
district  produces  about  180,000  tons.  It  is  found  abundantly  in  Scotland,  where 
it  is  known  as  gas-coal ;  the  quantity  produced  in  1866  Iras  322,000  tons.  In 
Flintshire  a  very  fine  cannel  has  been  found,  eepedallv  at  Leeswood,  near  Hold ; 
about  150,000  tons  are  raised,  nearly  all  of  which  is  used  fbr  the  distillation  of  coal- 
oiL    Cannel  coal  is  also  found  in  Derbyshire,  in  Warwickshiro,  and  in  Yorkshire. 

JkUOdiSUUementoftheProduethnqfCkimtdiM 

EKaLLKD,  .        *        '  Tau 

StaffordMre,  North,— -A  Cannel  coal  of  uncertain  quaJity  occurs  in  this  dis- 
trict, especially  between  Hanley  and  Harecastle.  It  is  usually  termed  in  the 
locality  *  pill '  or '  peal,'  and  is  sold  at  the  pit's  mouth  «t  10«.  the  ton.  The 
quantity  of  this  Cannel  which  is  raised  annually  is  about      ....    10,000 

NoUwfhamskvre, — ^The  chief  if  not  the  only  place  in  this  county  at  idiidi 
Cannel  is  worked  is  at  Hucknall  Torokard,  near  Nottingham.    Nearly  all 
that  is  raised  is  appropriated  for  oil-making,  the  quantity  produced  being   48,000 
Derbyshire. — ^The  places  producing  this  variety  of  coal  are  the  following : — 
Benishaw,  near  Chesterfield. — ^This  is  not  strictly  a  CanneL 
Swanwick  Colliery.— This  is  a  Cannel  of  fair  average  quality. 
Clay  Chfoss.— But  little  is  worked  on  this  estate  at  present. 
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The  total  production  of  DerbyBhire  is  estimated  at  about        •        •        •       *  48,000 
Yarksmlre, — The  mines  in  Yorkshire  producing  Cannel  are: — 


5.  College,  Birstal. 

6.  Oakwell,  Leeds. 

7.  Ardsley  Main,  Aidsley. 


1.  Silkstone  Fall,  Bamsley. 

2.  Adwalton  Moor,  Leeds. 

3.  Bruntcli£fe,  Leeds. 

4.  Gilderstone,  Leeds. 
Some  of  this  is  an  inferior  Cannel,  known,  locall^as  *  drub  *  or  '  stub,'  and 
a  considerable  quantity  of  the  true  Cannel  of  the  West  Biding  will  not  coke. 

The  quantity  raised  annually  from  the  Yorkshire  district  may  be  taken  at    •  185,000 

Lancashire, — ^The  collieries  in  the  East  Lancashire  (Manchester)  district 
producing  Cannel  coal  are  the  following : — 


1.  Bank,  Little  Hulton. 

2.  Blackrod,  Chorley. 
8.  Blackrod,  Blackrod. 
4.  Bridgewater,  Worsley. 


5.  Hulton,  Bolton. 

6.  Scot  Lane,  Blackrod. 

7.  Stonehin,  Famworth. 

8.  Rigby  Pit,  Anderton  Hall. 


The  total  estimated  production  being    ^     •••••;•  120,000 
The  collieries  in  theWestLancashiref^igan)  district  producingCannelaie  :— 

1.  Haigh,  Haigh  and  Aspull.  I  3.  Kirkless  Hall,  Kirkless. 

2.  Aspull,  Haigh  and  Aspull.  |  4.  Standish,  Standish. 

(These  belong  to  the  Wigan  Coal  and  Lron  Company.) 


9.  "Walthew  House,  Femberton. 

10.  Oidlow  Lane,  Wigan. 

11.  Bowenhead,  St.  Helen's. 


6.  Bose  Bridge,  Lice. 

6.  Douglas  Bank,  Wigan. 

7.  Norley  Hall,  Femberton. 

8.  Lice  Hall,  Wigan. 
The  total  production  of  these  collieries  was  •       •        .        .        .        *  530,000 

Cheshire. — ^Duddnfleld,  Stockport,  is  the  only  colliery  in  this  county  pro- 
ducing  Cannel  coal.    The  present  yield  being        ......   12,000 

2%e  Estimaied  Production  of  Cannel  Coal  in  England, 

Tons 

North  Staffordshire 10,000 

Nottinghamshire 48,000 

Derbyshire 48,000 

Yorkshire        .        .        .        ...        .        .  185,000 

Lancashire       .        .        .        .*      .        .        .  650,000 

Cheshire.        « 12,000 

!rhe  total  annual  production  in  England  being  about     »    048,000 

At  least  50,000  tons  of  this,  possibly  much  more,  is  reserved  for  the  manufacture 
of  the  mineral  oils. 

North  Wales.-^TbiB  is  the  only  district  at  present  produdng  CanneU    The  collieriefl 
yielding  it  are : — 

1.  Leeswood  Green,  Mold.  I  4.  Coppa,  Mold. 

2.  Leeswood  BQll,  Mold.  I     .        5.  Nerquis,  Mold. 

3.  Coed  Talon,  Mold.  |     *       6.  Wern,  Bagilt. 

From  these  works  the  quantity  of  Cannel  coal  raised  was,  as  nearly  as  could  be  ascer- 
tained, 150,000  tons,  ahnoet  the  whole  of  which  was  consumed  in  the  oil  works  of  Flint- 
slure,  which  are  now  much  reduced  in  extent* 

SOOTLANB. 

We  have  reliable  infbrmation  as  to  the  output  of  Cannel  coal  ircfia  this  important 
field. 

At  a  meeting  of  coal-owners  held  in  Glasgow,  the  estimated  quantity  laised  annually 
Was  AS  follows  :— 

Tons 

Lan^kshire 172,000 

linlithgowshire 28,000 

East  and  Mid  Lothian 55,000 

lifeshire 29,000 

Ayrshire 38,000 

Giving  as  the  total  quantity    .    322,000 
Vol.  I.  Y  Y 
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The  stock  of  Cannel  coftlon  hand  when  this  estimate  was  made  was  stated  to  have 
been  61,/!»00  ti>ns,  making  the  total  quantity  zoised  as  883,500  tons.  Hr.  Binney 
informs  ns  that  nearly  100,000  tons  of  this  is  used  in  making  oil. 

The  Total  QuantUif  of  Cannel  Coal  produced  in  the  United  Kin^fdom,  may  be 
estimated  as : — 

Toms 

England 048,000 

Wales 160,000 

Seotland 823,000 


M20,000 
At  a  low  estimate  250,000  tons  of  this  has      250,000 
been  submitted  to  distillation  for  coal-oil ; 
therefore,  for  gas-making  and  other  par-    «_- 
poses,  the  total  quantity  obtained  wiU  be    1,170,000 

See  Saiias  and  Shau  Oil. 

This  ceal,  when  worked  for  ornament,  is  cut  with  a  saw,  and  the  pieces  are  rough- 
shaped  with  a  chopper.  For  making  a  snuff-box,  whether  plain,  screwed,  or  excen- 
trie  turned,  the |)MnA;-tMiy,  or  the  surface  parallel  with  the  seam,  is  most  suitable; 
it  is  also  proper  for  rases,  the  caps  and  bases  of  columns,  &c  Cylindrical  pieces,  as 
for  the  shafts  of  columns,  should  be  cut  from  either  edge  of  the  slab,  as  the  laminss 
then  run  lengthways,  and  the  objects  are  much  strongs:  cylindrical  pieces  thus 
prepared,'  say  3  inches  long  and  |tlis  of  an  inch  diameter,  are  so  strong  they  cannot 
be  broken  between  the  fingers.  Similar  pieces  have  been  long  since  used  for  the 
construction  of  flutes,  and  in  the  British  Museum  may  be  seen  a  snuff-box  of 
Cai^nel  coal,  said  to  have  been  turned  in  the  reigti  of  Charles  L,  and  also  two  busts 
of  Henry  Vin.  aild  his  daughter  Lady  Mary  carved  in  the  same  material  The 
plank-way  surfaces  turn  the  most  freely,  and  wi^  sharings  much  like  those  (^ 
wood ;  the  edges  yield  small  Chips,  and  at  last  a  fine  dust,  but  which  does  not  stick 
to  the  hands  in  tne  manner  of  common  coaL  Flat  o^ects,  such  as  inkstands,  are 
worked  with  the  joiners'  ordinary  tools  and  planes.  The  edges  of  Cannel  coal  are 
harder  and  polish  better  than  flat  surfaces. — HoUea^ffel.  See  Coal  and  Boohbao 
Coal. 

CAVHOW^    See  Abtillbbt  and  Shbll. 

OAVHOW-BAXA  TRBB.  Couroupite  Guianensis*  A  tree  belonging  to  the 
LecythidecB,  a  suborder  of  the  dicotyledonous  plants  belonging  to  the  natural  order 
Mi/rtacea,  These  trees  are  natiyes  of  South  America,  and  are  distinffuished  by  their 
veiy  large  fleshy  flowers  and  singular  fruit  The  cannon-balf  tree  obtains  its  name 
from  the  peculiar  lar^e  heavy  ww)dj  fruity  which  is  as  big  as  a  thirty-six-pound  shot. 
The  shells  of  this  fruit  ate  used  for  drinking  vessels. 

.  OAWTBASIBas.  The  blister  beetle  or  Spanish  fly,  the  Cantharie  ffeeicatoHa. 
Cantharides  are  chiefly  collected  in  Hungary,  Bussia,  and  the  south  of  France.  They 
are  imported  from  St.  Petersburg  in  cases,  each^  containing  180  to  170  lbs.  and  also 
from  Messina  in  barrels  or  cases  holding  each  100  lbs.  See  Fereira's '  Materia  Medica,* 
Bentley  and  Bedwood,  1872. 

OAJTTOirS  PBOSPHO&irs.  Sulphate  of  lime  being  heated  with  charcoal  in 
a  crucible  is  converted  into  sulphide  or  sulphuret  of  calcium.  If  this  preparation  is 
spread  over  a  sheet  of  paper,  and  exposed  to  bright  sunshine,  it  will,  when  taken 
into  a  dark  room,  emit  a  phosphorescent  iight  This  tolar  phosphorus  was  discovered 
by  Canton,  and  is  prepared  according  to  his  directions  by  calcining  for  an  hour  at 
a  red  heat  a  mixture  of  3  parts  of  ground  oyster-shells  and  1  part  of  sulphur.  See 
Fhosphobus  and  Ptbophobus. 

CAW  AS.  (Canevas,  Fr. ;  Kanevas,  Ger.)  A  coarse  doth  made  of  hemp  or 
flax,  which  is  used  for  the  sails  of  ships  and  for  tents.  It  has  been  found  that  sails  iji 
ships  made  with  the  selvages  and  seams  of  the  canvas  running  down  parallel  to  their 
edges  are  veiy  apt  to  bag,  and  become  torn  in  the  middle,  ^m  the  strain  to  which 
they  are  subjected  by  the  pressure  of  the  wind.  To  obviate  this  inconvenience  a  mode 
6f  making  sails,  with  the  seams  and  selvages  running  diagonally,  was  proposed  by 
Admiral  Brooking,  and  a  patent  granted  to  him  for  the  same  on  November  4,  1828. 
The  invention  of  Ittessrs.  Kamsay  and  Orr  has  a  similar  object^  viz.,  that  of  giving 
additional  strength  to  sails  by  a  peculiar  manner  of  weaving  the  canvas  of  which  they 
are  made. 

The  improvement  consisted  in  weaving  the  canvas  with  diagonal  threads ;  that  is» 
pladns  the  weft  yarn,  or  shoot^  in  weaving,  at  an  oblique  angle  to  the  warp  yams* 
instead  of  making  the  decussation  of  the  warp,  or  weft  threads,  or  yams,  at  right  an^et 
to  each  other,  as  in  the  ordinary  mode  of  weaving. 
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To  aeeompHflb  ttiifl  object  the  loom  miiBt  bo  pecnliarlj  oonstraeted ;  its  warp  and 
work  beams  must  stand  at  an  oblique  angle  with  the  sides  of  the  loom,  and  the  batten 
and  slay  must  be  hung  in  a  peculiar  manner,  in  order  to  beat  up  the  weft  or  shoot,  in 
lines  ranging  diagonaUy  with  the  warp. 

Canvas  painted  of  yarious  patterns  is  used  for  ooyering  halls,  &;e.,  and  is  gene- 
rally called  floor-cloth,  A  finer  kind  of  canyas,  properly  prepared,  is  employed  by 
artists. 

qAOVTOMOVO,  OVM-B&ASTIO,  or  nrBXA^BITSBam  (Caoutchouc,  Fr. ; 
KmUachuk,  Federharsf,  Gbr.)  occurs  as  a  milky  juice  in  several  plants,  such  as  the  iS^^- 
nia  Cahucct  called  also  Hevea  ChUanensii,  Cautachuct  Jatropha  ekuiicat  CastUleia  daS' 
ticOt  Cecropia  peUeta,  Fieus  reUgiow  and  indica,  Urc^ola  elaaiioa,  &c  Dr.  Lindley's 
account  of  the  plants  that  yield  Uie  most  important  supplies  of  commercial  caoutchouc, 
with  plates  of  uie  leaves  and  flowers,  will  be  found  in  Mr.  Hancock's  work  on  Caout- 
chouc. These  are  stated  to  be  Siphoma  ekutica,  Hanoomia  apeoiosa,  Fktu  tUuHca^ 
and  Uroeoia  eiaaUea,  It  is,  however,  extracted  chiefly  fmrn  the  flrst  plant,  which 
grows  in  South  America  and  Java.  The  tree  has  incisions  made  into  it  through  the 
bark  in  many  places,  and  it  discharges  the  miU^  juice,  which  is  spread  upon  day 
moulds,  and  dried  in  the  sun,  or  with  the  smoke  of  a  fire,  which  blackens  it  Portions 
of  this  milky  juioe  have  been  occasionally  sent  to  Europe  in  bottles ;  some  f^w  arrived 
with  the  miu^  emulsion,  but  genendly  they  were  found  to  be  resolved  into  a  coagulum 
floating  in  an  aqueous  solution.  A  small  bottle  from  Cayenne  or  the  Isle  of  fVance, 
in  the  possession  of  M.  B'Arcet,  passed  some  years  wiUiout  change,  but  the  severe 
winter  of  1788-9  caused  it  to  pass  to  the  solid  state,  and  the  bottle  was  broken. 

Sir  Joseph  Banks  is  reported  to  have  had  a  bottle  of  liquid  unaltered,  but  which 
afterwards  was  decomposed.  "Fiftj  gold  louis-d'ors,  it  is  said,  were  offered  by  him  at 
Lisbon  in  vain  for  a  second  supply. 

Caoutchouc,  Gkun-Elastac,  or  India-Bubber,  are  the  general  names  for  a  substance 
BOW  so  well  kjiown,  familiar,  and  important,  that  it  seems  matter  for  surprise  that  the 
latter  half  of  the  preceding  century  should  have  passed  away  before  it  was  made 
known  to  Europe  by  memoirs  read  to  a  learned  body.  For  the  remainder  of  the  cen- 
tuiT,  its  extraordinary  property  of  elasticity  and  the  grotesque  objects  made  by  the 
Indians,  caused  it  to  be  met  with  in  the  cabinets  of  the  curious ;  its  use  was  still  con- 
fined to  erasing  marks  of  black-lead  pencil  from  paper,  and  in  this  country  it  received 
the  common  name  of  lead-eater. 

Europe  is  indebted  to  the  observations  of  M.  de  la  Condamine,  who,  despatched  from 
Fiance  on  a  scientific  mission,  found  the  natives  and  residents  of  that  part  of  South 
America  which  he  visited  constantly  using  syringes,  bottles  for  non>corrosive  liquids, 
boots,  and  many  other  articles,  made  of  India-mbbw.  In  1786,  he  wrote  to  the 
Academy  of  Sciences  at  Paris  an  account  of  this  substance ;  which  during  his  ten  years' 
rendence  in  Para,  and  journeys  in  the  country,  and  along  the  banks  of  the  Amazon,  he 
had  constant  observation  of  ^e  use  of  by  the  natives. 

He  describes  the  forms  of  bottles  and  articles  moulded  with  clay,  coated  with  the 
milky  juioe  of  trees,  in  successiye  layers,  and  when  dried  in  the  sun,  the  earth  broken 
out,  and  says  that  the  Indians,  with  a  point  of  hard  wood,  impressed  ornaments  upon 
the  soft  mass. 

He  also  states  that  the  gum-resin  spread  upon  cloth  formed  a  waterproof 
covering  of  great  use  for  bagging  to  keep  biscuits,  food,  and  clothing  dry  from  rain, 
and  as  a  substitute  for  tarpaulins ;  and  he  especially  notes  the  use  m  a  great  canyas 
prepared  with  liquid  India-rubber,  to  cover  the  quadrant  circle  as  it  stood  on  its  legs, 
which  allowed  it  to  be  left  in  the  rain  and  snow,  and  thus  enabled  them  to  m&a 
observations  at  intervals  of  weather,  and  avoid  the  great  labour  of  removing  the 
instruments  to  boxes  and  places  of  shelter.  To  obviate  the  adhesion  of  objects 
recently  made  to  each  other,  especially  if  the  sun  is  upon  them,  'Spanish  white,  and 
even  dust  is  employed : '  the  inconveniefice  is  thus  prevented,  and  the  articles  imm»* 
diateljr  take  the  brown  colour  whidi  is  ultimately  acquired  by  the  exposure  of  the 
white  juice  to  the  sun  and  air,  smoke  and  fire,  metiiods  employea  by  the  Indians. 

M.  de  la  Condamine  fbund  in  the  province  of  Esmetaldes  this  substance,  called  by  the 
natives  Hh^vd ;  it  is  obtained  by  a  single  incisiqn  from  the  plants,  and  is  a  whit« 
liquid  like  milk,  which  hardens  and  blackens  in  the  air.  The  Indians  made  flam- 
beaux 1|  inch  thick  and  2  feet  long,  that  burnt  very  well  without  a  wick  for  34  hours 
with  a  brilliant  flame  and  without  any  disagreeable  odour.  This  caoutchouc  was 
wrapped  in  two  leaves  of  bananier  to  form  the  flambeaux ;  he  used  these  lights  habit- 
ually, on  his  route  along  the  river  Esmeraldes,  and  especiaJly  in  the  wood  of  Sylanche, 
where  he  was  detained  for  days. 

It  was  in  1751,  that  M.  dela  Condamine  brought  the  subject  into  notice,  for  M.  Fres- 
neau  had  found  and  described  trees  in  Cayenne,  yielding  elastic  resin.    Writing  to  hia 
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friend,  he  redords  the  localities,  trees,  tools,  and  details  for  obtaining  the  sap,  and 
forming  articles. 

M«  de  la  Oondamine  concludes  his  remarks  npon  the  memoir  of  M.  Fresnean  irith 
•words  of  sufficient  import,  and  indeed  with  prophetic  spirit,  and  says,  *it  -will  be  an 
exclusive  object  of  commerce  for  that  colony  which  possesses  this  species  of  treasure.' 
MM.  Henssent  and  Macquer  in  1761,  ^ye  their  chemical  observations  to  the  Aca- 
d^mie  Bovale  on  caoutchouc,  or  elastic  resin  of  Cayenne.  They  refer  to  the  softening 
and  solution  by  oils  and  heat,  *  but  the  caoutchouc  does  not  again  takes  its  solidity  or 
el&sticity.'  By  rectifying  oil  of  turpentine  upon  lime  and  dissolving  caoutchouc  in  it, 
they  obtained  a  pasty  mass  which  allowed  the  caoutchouc  to  regain  its  former  elastic 
state.  They  point  out  that  ether  may  be  advantageously  used,  and  they  complain  of 
the  great  expense  of  Dippel's  animal  oil  as  a  solvent,  nhile  pointing  out  the  surgical 
uses  of  caoutchouc,  Macquer  describes  the  necessity  for  carefully  rectifying  the  ether, 
taking  8  or  10  pounds,  and  only  receiving  the  first  2  pounds  for  the  solution  of  caout- 
chouc He  useo,  instead  of  day,  moulds  of  wax,  held  by  pincers,  and  plunged  in  the 
ethereal  solution,  and  by  repeated  coatings,  allowing  the  ether  to  evaporate,  a  thin 
covering  was  obtained ;  by  the  heat  of  boiling  water  the  wax  flowed  out,  and  a  tube 
of  caoutchouc  remained.  He  states  that  he  found  it  difficult  to  get  the  tubes  uniform. 
M.  Grossart  in  1768,  published  his  experiments  on  preparing  tubes  of  India-rubber 
by  means  of  ether  and  boiling  water :  these  memoirs  seem  to  have  remained  "without 
sufficient  reference  and  study. 

It  has  been  received  as  an  opinion  in  England  and  America,  that  one  of  the  earliest 
notices  of  the  usef^  properties  of  India-rubber  is  that  given  by  Dr.  Priestley,  in  a 
-work  evidently  got  up  with  great  care,  called,  *  A  Familiar  Introduction  to  the  Theory 
and  Practice  of  Perspective,  by  Joseph  Priestley,  LL.D.,  London,  1770.*  At  the  end 
of  the  preface  is  the  following  addition :  '  Since  this  -work  was  printed  oS,  I  have  seen 
a  substance  excellently  adapted  to  the  purpose  of  wiping  from  paper  the  marks  of  a 
black-lead  pencil.  It  must,  therefore,  be  of  singular  use  to  those  who  practise  drawing. 
It  is  sold  by  Mr.  Naime,  Mathematical  Instrument-maker,  oj^posite  the  Koyal  Exdian^ 
He  sells  a  cubical  piece  of  about  half  an  inch  for  three  shillings,  and  he  says  it  will 
last  several  years.* 

It  will  be  remarked  that  no  name  for  the  substance  is  mentioned ;  the  preface  is 
dedicat^  *to  Sir  Joshua  Beynolds,  Knt,  F.It.S.,  Leeds,  March  20th,  1770;'  and  we 
m^  fairly  conclude  that  the  substance  -was  at  this  time  a  novelty  in  art  and  trade. 

It  seems  probable,  that  the  experiments  with  balloons,  and  the  application  of  air- 
tight vamidies,  especially  those  by  Messrs.  Charles  and  Bobert,  called  more  general 
attention  to  the  properties  of  India-rubber  in  Europe. 

Mr.  Hancock  says,  *  This  substance  came  first  into  notice  about  the  beginning  of 
the  last  century,  moulded  into  the  shapes  of  bottles  and  animals.  It  was  sold  as  hj^ 
as  a  guinea  the  ounce,  and  used  for  rubbing  out  pencil-marks ;  but  scarcely  anything 
-was  known  of  its  history,  except  that  it  came  from  America.' 

The  juice  itself  has  been  of  late  years  imported.  It  is  of  a  pale  yellow  colour,  and 
has  the  consistence  of  cream.  It  becomes  covered  in  the  bottles  containing  it  with  a 
pellicle  of  concrete  caoutchouc.  Its  specific  gravity  is  1*012.  When  it  is  dried  it  loses 
55  per  cent  of  its  weight ;  the  residuary  45  is  elastic^gnm.  When  the  juice  is  heated 
it  immediately  coagulates,  in  virtue  of  its  albumen,  and  the  elastic-gum  rises  to  the 
surface.  It  mixes  with  water  in  any  proportion ;  and  when  thus  diluted,  it  coagulates 
with  heat  and  alcohol  as  before. 

Stherto  the  greater  part  of  the  caoutchouc  has  been  imported  into  Europe  from 
South  America,  and  the  best  from  Para ;  but  of  late  years  a  considerable  quantity 
has  been  brought  from  Java,  Penang,  Singapore,  Assam,  and  Africa.  Many  years 
ago,  Mr.  WilUam  Griffith  published  an  interesting  report  upon  the  Ficus  eUuHea^ 
the  caoutchouc  tree  of  Assam,  which  he  drew  up  at  the  i^^iast  of  Captain  Jenkins, 
agent  in  that  country  to  the  Governor-General  of  India.  This  remarkable  species  of 
fig-tree  is  either  sohtary  or  in  twofold  or  threefold  grt>ups.  It  is  larger  and  mors 
umbrageous  than  any  of  the  other  trees  in  the  extensive  roreet  where  it  abounds,  and 
may  be  distinguished  from  the  other  trees  at  a  distance  of  several  miles,  by  the 
picturesque  appearance  produced  by  its  dense,  huge,  and  lofty  crown.  The  main 
trunk  of  one  was  carefully  measured,  and  was  found  to  have  a  circumference  of  no 
less  than  74  feet;  while  the  girth  of  the  main  trunk  along  with  the  supports  imme- 
diately round  it^  was  120  feet  The  area  covered  by  the  expanded  brandies  had  a 
circumference  of  610  feet.    The  height  of  the  central  tree  was  100  feet 

It  has  been  estimated,  after  an  accurate  survey,  that  there  are  43,240  such  noble 
trees  within  a  length  of  30  miles  and  a  breadth  of  8  miles  of  forest,  near  Iftrocepore, 
in  the  district  of  Chardwar,'in  Assam. 

lieutenant  Veitch  has  since  discovered  that  the  Fieus  eUutica  is  equally  abundant  in 
the  district  of  Naudwar.    Its  geographical  range  in  Assam  seems  to  be  between 
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2liP  W  and  27®  2(K  of  noptli  latitude,  and  between  90o  4(y  and  96°  SCK  of  east  longi- 
tade.  It  oocnrs  on  the  slopes  of  the  hills  up  to  an  elevation  of  probably  22,500  feet. 
This  tree  is  of  the  Banyan  tribe,  famed  for  its  pillared  shade,  *  whose  daughters  grow 
about  the  mother  tree,*  which  has  furnished  the  motto,  Tot  rami,  quot  arborea,  to  the 
Boyal  Asiatic  Society.  Species  of  this  genus  afiR>rd  grateful  shade,  however,  in  the 
tropical  regions  of  America  as  well  as  Asia. 

Many  species  of  other  trees  yield  a  milky  tenacious  juice,  of  which  bird-lime  has 
been  frequently  made ;  as  Jrtoearpus  integr\folia  and  Lakoocha,  Fioua  indica  and 
relifioaa,  also  -r.  Tsida,  Soxburghit,  glomerata,  and  opposUifolia.  From  some  of  these 
an  inferior  kind  of  caoutchouc  has  been  obtained. 

The  juice  of  the  Fioua  eUutica  of  Chardwar  is  better  when  drawn  from  the  old  than 
from  the  young  trees,  and  richer  in  the  cold  season  than  in  the  hot  It  is  extracted 
by  making  incisions  a  foot  apart,  across  the  bark  down  to  the  wood,  all  round  the 
trunk,  and  also  the  large  branches,  up  to  the  veiy  top  of  the  tree :  the  quantity  which 
exudes  increasing  with  the  height  of  the  incision.  The  bleeding  may  be  safely  repeated 
once  every  fortnight.  The  fluid,  as  fresh  drawn,  is  nearly  of  the  consistence  of  cream, 
and  pure  white.  Somewhat  more  than  half  a  maund  (42  lbs.)  is  reckoned  to  be  the 
average  produce  of  each  bleeding  of  one  tree ;  or  20,000  trees  will  yield  about  12,000 
maunds  of  juice;  which  is  composed  in  10  parts,  of  from  4  to  6  parts  of  water,  and,  of 
course,  from  6  to  4  parts  of  caoutchouc  The  bleeding  should  be  confined  to  the  cold 
months,  so  as  not  to  interfere  with  or  obstruct  the  vigorous  vegetation  of  the  tree  in 
the  hot  months. 

Mr.  Griffith  says,  that  the  richest  juice  is  obtained  from  transverse  innsions  made 
into  the  wood  of  the  larger  reflex  roots,  which  are  half  exposed  above  ground,  and  that 
it  proceeds  from  the  bark  alonev  Seneath  the  line  of  incisions,  the  natives  of  Assam 
scoop  out  a  hole  in  the  earth,  in  which  they  place  a  leaf  of  the  Phrt/nium  capUatum 
(Linn.),  rudely  folded  up  into  the  shape  of  a  cup.  He  observes  that  the  various 
species  of  Tetranihera^  upon  which  the  Moonaa  silkworm  feeds,  as  also  the  castor-oil 
plant,  which  is  the  chief  food  of  the  Eria  silkworm,  do  not  afiturd  a  milky  caoutchouc 
juice.  Hence  it  would  appear  that  Dr.  Boyle's  notion  of  caoutchouc  forming  a  neces- 
sary ingredient  in  the  food  of  silkworms,  and  being  '  in  some  way  employed  in  giving 
tenacity  to  their  silk,'  seems  to  be  unfounded.  If  Botany  discountenances  this  idea. 
Chemistry  would  seem  to  scout  it  altogether ;  for  silk  contains  11  '33  per  cent,  of  nitrogen, 
and  caoutchouc  contains  none  at  all,  being  simply  a  solid  hydro-carbide,  and  therefore 
widely  dissimilar  in  constitution  to  silk,  wfich  consists  of  oxygen  34*04,  nitrogen  1 1*33, 
carbon  50*69,  and  hvdrogen  8*94,  in  100  parts. 

This  hydro-carbiae  emulsion  is  of  common  occurrence  in  the  orders  Eitphorbiacem 
and  Urticaoea,  which  ma^  be  looked  on  as  the  main  sources  of  caoutchouc.  The 
American  caoutchouo  is  said  to  be  f^umished  by  the  Siphonia  etastica,  or  the  Hevea 
GuianensU  of  Aublet,  a  tree  which  grows  in  Brazil,  and  also  in  Surinam. 

Dr.  Boyle  sent  models  of  cylinders  of  1^  to  2^  inches  in  diameter,  and  4  or  5  inches 
in  length,  to  both  the  Asiatic  and  Agricultural  Societies  of  Bengal,  to  serve  as  patterns 
for  the  natives  to  mould  their  caoutchouc  by.  Mr.  Griffith  says  that  this  plan  of 
forming  the  caoutchouc  into  tumblers  or  bottles,  as  recommended  by  the  committee 
of  the  London  Joint-Stock  Caoutchouc  Company,  is,  in  his  opinion,  the  worst  that  can 
possibly  be  ofi&red ;  being  tedious,  laborious,  causing  the  caoutchouc  to  be  blackened 
m  the  drying,  and  not  obviating  the  viscidity  of  the  juice  when  it  is  exposed  to  the 
sun.  He  recommends,  as  a  far  better  mode  of  treating  the  juice,  to  work  it  up  with 
the  hands,  to  blanch  it  in  water,  and  then  subject  it  to  pressure.  Better  methods 
have  recently  occurred  while  experimenting  upon  the  caoutchouc  juice.  This  fluid, 
with  certain  precautions,  chiefly  exclusion  from  air  and  much  warmth,  may  be  kept  in 
the  state  of  a  creamy  emulsion  for  a  very  long  time.  Mr.  Hancock  states,  some 
barrels  treated  with  ammonia  arrived  in  England  in  a  fluid  state. 

However  plausible  these  observations  may  appear,  the  practical  men  wanted  sheet 
rubber  to  cut  into  threads,  &c,  and  3Ir.  Hancock  states  he  had  a  cylinder  made  of 
masticated  rubber,  of  a  convenient  size,  and  sent  it  to  Para  as  a  pattern  for  the  natives, 
and  great  numbem  of  cylinders  were  soon  after  in  the  market,  well  made,  of  the 
quality  desired,  and  called  tubes.    Such  (flinders  are  still  imported  (1857). 

Great  interest  was  taken  by  Mr.  Hancock  to  introduce  the  native  juice  into  this 
country ;  and,  after  great  expense,  he  had  the  disappointment  of  finding  the  barrels 
contained  coagnlated  India-rubber  and  watery  fiuia.  Some  samples^  by  peculiar 
treatment,  escaped;  whatever  might  have  been  exp|ected,  there  seemed  but  little 
confidence  in  these  plans,  and  valuable  as  the  native  juice  might  be  at  one  time,  yet 
by  solvents  and  by  working  the  rubber  with  machinery,  it  is  for  more  profitable 
to  employ  this  state,  than  to  import  a  large  quantity  of  watery  fluid,  with  all  the 
expenses  of  casks  and  cooperage,  while  the  solid  article  is  excellently  adapted  to  take 
care  of  itself* 
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Sharp  and  clean  caste  were  taken  with  thia  liquid,  and  as  it  is  susceptible  of  being 
tinted  with  delicate  colonrSi  it  might  be  used  for  beantiM  ornamental  purposes ;  when 
the  solid  rubber  separates,  it  is  white,  but  in  small  pieces  or  thin  sheets,  it  is  semi- 
ttansparent. 

The  specific  grayity  of  caoutchouc  is  0'926,  and  it  is  not  permanently  increased  by 
any  degree  of  pressure.  By  cold  or  long  quiescence  it  becomes  hard  and  stiff  When 
the  milky  juice  has  become  once  coherent,  no  means  hitherto  known  can  restore  it  to 
the  emulsive  state.  By  long  boiling  in  water  it  softens,  swells,  and  becomes  more 
readily  soluble  in  its  peculiar  menstrua ;  but  when  exposed  to  the  air  it  speedily  resumes 
its  former  consistence  and  yolume.  It  is  quite  insoluble  in  alcohol;  but  in  ether,  de- 
priyed  of  alcohol  by  washing  with  water,  it  readily  dissolves,  and  affords  a  colourless 
solution.  When  the  ether  is  evaporated,  the  caoutchouc  becomes  agfin  solid,  but  is 
somewhat  clammy  for  a  idiile.  When  treated  with  hot  naphtha,  distilled  firom  native 
petroleum,  or  £rom  coal-tar,  it  swells  to  30  times  its  former  bulk ;  and  if  then  triturated 
with  a  pestle,  and  pressed  through  a  sieve,  it  affords  a  homogeneous  varnish,  which 
being  applied  by  a  flat  edge  of  metal  or  wood  to  cloth,  prepares  it  for  forming  the 
patent  water-proof  cloth  of  Macintodi.  Two  surfaces  of  cloth,  to  which  several  coate 
of  the  above  varnish  have  been  applied,  are,  when  partially  dried,  brought  evenly  in 
contact,  and  then  passed  between  rollers,  in  order  to  condense  and  smooths  them 
together.  This  double  cloth  is  afterwards  suspended  in  a  stove-room  to  dry,  and  to 
di^l  the  disagreeable  odour  of  the  naphtha. 

Caoutchouc  dissolves  in  the  fixed  oils,  such  as  linseed  oil,  but  the  varnish  has  not 
the  property  of  becoming  concrete  upon  exposure  to  the  air. 

It  has  lately  been  asserted  that  caoutchouc  is  soluble  in  the  oils  of  lavender  and 
sassa&as.    Boxburgh  found  it  perfectly  soluble  in  the  oil  of  cajeput. 

It  melts  at  248°  F.,  and  stands  afterwards  a  much  higher  heat  without  undergoing 
any  farther  change.  When  the  melted  caoutchouc  is  exposed  to  the  air,  it  becomes 
hard  on  the  surface  in  the  course  of  a  year.  When  kindled,  it  bums  with  a  bright 
flame  and  a  great  deal  of  smoke. 

Neither  cUorine,  sulphurous  add  gas,  muriatic  add  gas,  ammonia,  nor  fluosilidc 
add  gas,  afiM;  it,  whence  it  forms  very  valuable  flexible  tubes  for  pneumatic  che- 
mistry. Cold  sulphuric  add  does  not  readily  decompose  it^  nor  does  nitric  add,  unless 
it  be  somewhat  strong.  The  strongest  caustic  potash-lye  does  not  dissolve  it  even  at 
a  boiling  heat. 

According  to  Dr.  Eaxaday,  the  pure  caoutchouc,  obtained  ftom  the  sap,  had  a 
spedflc  gravity  of  0*926,  and  no  reduplication  of  it  in  a  Bramah's  press  was  found  to 
^fect  permanent  alteration. 

The  specific  gravity  of  the  best  compact  Para  caoutchouc, 

taken  in  dilute  alcohol,  is       .        .        .        •        .        .  0*941567 

The  specific  gravity  of  the  best  Assam  is       ...        .  0*942972 
„  „  Singapore      ....  0*936650 

H  »  Fenang         ....  0*919178 

Having  been  favoured  by  Mr.  Sievier,  formerly  managine  director  of  the  Joist-Stodc 
Caoutchouc  Company,  and  b^  Mr.  Beale,  engineer,  with  two  different  samples  of 
caoutchouc  juice,  i)r.  Ure  subjected  each  to  chemical  examination. 

*  That  of  Mr.  Sievier,  is  greyish  brown,  that  of  Mr.  Beale  is  of  a  milky  grepr  colour ; 
the  deviation  from  whiteness  in  each  case  bdng  due  to  the  presence  of  aloetie  matter, 
which  accompanies  the  caoutchouc  in  the  secretion  by  the  tree.  The  former  juice  is 
of  the  consistence  of  thin  cream,  has  a  spedflc  gravity  of  1*04125,  and  ]rifi^ds,  by 
exposure  upon  a  porcelain  capsule,  in  a  thin  lavor,  for  a  few  days,  or  by  boiling  for  a 
few  minutes  with  a  little  water,  20  per  cent,  of  solid  caoutchouc  The  latter,  though 
it  has  the  consistence  of  pretty  rich  cream,  has  a  spedflc  gravity  of  only  1*0175.  It 
yields  no  less  than  37  per  cent,  of  white,  solid,  and  very  elastic  caoutchouc 

'  It  is  interesting  to  observe  how  readily  and  eompActly  the  separate  little  dots  m 
threads  of  caoutchouc  coalesce  into  one  spongy  mass  in  the  progress  of  the  ebullition, 
particularly  if  the  emulsive  mixture  be  stirred ;  but  the  addition  of  water  is  necessary 
to  prevent  the  coagulated  caoutchouc  from  sticking  to  the  sides  or  bottom  of  the  vessel 
ana  becoming  burnt.  In  order  to  convert  the  spongy  mass  thus  formed  into  good 
caoutchouc,  nothing  more  is  requisite  than  to  expose  it  to  a  moderate  pressure  between 
the  folds  of  a  towel.  By  this  process  the  whole  of  the  aloetie  extract,  and  other 
vegetable  matters,  which  concrete  into  the  substance  of  the  balls  and  junks  of  caout- 
chouc prepared  in  Assam  and  Java,  and  contaminate  it,  are  entirely  sepsrated,  and  an 
article  nearlv  white  and  inodorous  is  obtained.  Some  of  the  cakes  of  Ainerican 
caoutchouc  wnen  cut  exhale  the  fcstor  of  rotten  cheese;  a  smell  which  adherse  to  the 
.threads  made  of  it  after  every  process  of  ptmfication. 

'In  the  interior  of  many  of  the  balls  which  come  from  both  the  Bmik  and  1 
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Indies,  spots  are  frequently  fbund  of  a  Tiseid  tany-Iooking  matter,  'wiiich,  when  ex- 
posed to  the  air,  act  in  some  manner  as  a  ferment,  and  decompose  the  whole  mass  into 
a  soft  substance,  which  is  good  for  nothinff.  Were  the  plan  of  boiling  the  fresh  juice 
along  with  its  own  bulk  of  water,  or  a  little  more,  adopted,  a  much  purer  article  would 
be  obtained,  and  with  incomparably  less  trouble  and  delay,  than  has  been  hitherto 
brought  into  the  market. 

*  I  find  that  neither  of  the  above  two  samples  of  caoutchouc  juice  affords  any  appear- 
ance of  coaeulum  when  mixed  in  any  proportions  with  alcohol  of  0*825  specific 
^yity ;  anoC  therefore,  I  infer  that  albumen  is  not  a  necessary  constituent  of  the 
juice,  as  Dr.  Faraday  inferred  from  his  experiments  published  in  the  21st  voL  of  the 
Journal  of  the  Boyal  Institution. 

*  The  odour  of  Mr.  Sievier's  sample  is  slightly  acescent,  that  of  Mr.  Beales,  which 
is  by  fEir  the  richer  and  purer,  has  no  disagreeable  smiell  whatever.  The  taste  of  the 
latter  is  at  first  bland  and  yeiy  slight,  but  eventually  very  bitter,  from  the  aloetic 
impression  upon  the  tongue.  The  taste  of  the  former  is  bitter  from  the  first,  in  con- 
sequence of  the  great  excess  of  aloes  which  it  contains.  When  the  brown  solution, 
wmch  remains  in  the  capsule  after  the  caoutchouc  has  been  separated  in  a  spongy 
state  by  ebullition  from  100  grains  of  the  richer  juice,  is  passed  through  a  filter  and 
evaporated,  it  leaves  4  mins  of  concrete  aloes. 

'Both  of  these  emulsive  juices  mix  readily  with  water,  alcohol,  and  pyroxylic  spirit, 
though  they  do  not  become  at  all  clearer ;  they  wiU  not  mix  with  eaotUchoucine  (the 
distilled  spirit  of  caoutchouc),  or  with  petroleum-naphtha,  but  remain  at  the  bqttom  of 
these  liqmds^  as  distinct  as  mercury  does  from  water.  Soda  caustic  lye  does  not 
dissolve  the  juice;  nitric  add  (double  aquafortis)  converts  it  into  a  red  curdy  magma. 
The  filtered  aloetic  liquid  is  not  affected  by  the  nitrates  of  baryta  and  silver ;  it  afibrds 
with  oxalate  of  ammonia  minute  traces  of  lime.' 

The  best  solvent  is  a  mixture  of  100  parts  of  bisulphide  of  carbon  with  from  6  to  8 
partspf  anhydrous  alcohol.  If  the  alcohol  be  mixed  with  a  little  water  a  dough  is 
obtained,  from  which  the  caoutchouc  may  be  drawn  out  into  threads  and  spun.  By 
Grerard's  process,  gutta-percha  is  also  soluble  in  the  above  mixtures  of  bisulphide  of 
carbon  and  alcohol. 

The  sulphuration  of  caoutchouc,  a  valuable  invention,  is  due  to  Mr.  Charles  Goodyear 
of  New  York. 

Caoutchouc,  according  to  the  experiments  of  Dr  Ure,  which  have  been  confirmed  by 
those  of  Dr.  Faraday,  contains  no  oxygen,  as  almost  all  other  solid  vegetable  products 
do,  but  is  a  compound  of  merely  carbon  and  hydrogen,  in  the  proportion,  by  these 
results,  of  90  carbon  to  10  hydrogen,  being  three  atoms  of  the  former  to  two  of  the 
latter.  Dr.  Faraday  obtained  only  87*2  per  cent,  of  carbon.  Melted  caoutchouc  forms 
a  yery  excellent  chemical  lute,  as  it  adheres  very  readily  to  g^ass  vessels,  and  withstands 
the  corrosive  action  of  add  vapours.  Caoutchouc  is  much  used  for  effiidng  the  traces  of 
plumbago  pendls,  whence  it  derived  the  name  of  India-rubber.  It  has  been  em- 
ployed veiy  extensively  for  making  elastic  bands  or  braces.  The  caoutchouc  bottles 
are  skilfully  cut  into  long  spiral  slips,'which  are  stretched,  and  kept  extended  till 
nearly  deprived  of  their  elastidty,  and  till  they  form  a  thread  of  moderate  fineness. 
This  throEid  is  put  into  a  braid  machine,  and  covered  with  a  sheath  of  cotton,  silk, 
linen,  or  worsted.  The  clothed  caoutchouc  is  then  laid  as  warp  in  a  loom,  and  woven 
into  an  elegant  riband.  When  woven,  it  is  exposed  upon  a  table  to  Uie  action  of  a 
hot  smoothing  iron,  which,  restoring  to  the  caoutchouc  all  its  primitive  elasticity,  the 
riband  retracts  considerably  in  lezigth,  and  the  braiding  corrugates  equally  upon  the 
caoutchouc  cores.  Such  bands  possess  a  remarkable  elastidty,  combined  with  any 
desired  degree  of  softness.  Sometimes  cloth  is  made  of  these  braided  strands  of 
caoutchouc  used  both  as  warp  and  as  weft,  which  is  therefore  elastic  in  all  directions. 
When  a  light  fabric  is  required,  the  strands  of  caoutchouc,  either  naked  or  braided, 
are  alternated  with  common  warp  yams.  For  this  mixed  fabric  a  patent  has  been 
obtained.  The  original  manufacturer  of  these  elastic  webs  was  a  major  in  t^e  Austrian 
service  who  erected  a  fieutory  for  them  at  St.  Denys,  near  Paris. 

L  CaOXJTOHOUO  MAlOTFACTlTfiBS. 

But  before  entering  upon  these  spedal  divisions  we  may  advert  to  some  of  the 
steps  that  have  created  this  new  employment  for  capital,  commerce,  and  skill,  es- 
pecially as  Mr.  Hancock  concdves  it  but  just  to  the  memory  of  the  late  Mr.  Macintosh, 
to  recOTd  the  drcumstances  which  led  to  his  invention  of  the  *  Waterproof  double 
textures,'  that  have  been  so  long  celebrated  through  the  world  by  the  name  of 
'Madntoehes.' 

It  will  be  recollected  that  on  the  introduction  of  coal-gas,  the  difficulties  were  vezr 
great  to  purify  it  from  matters  that  gave  a  most  disagreeable  odour  to  the  gas  ana 
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cas-apparatoa ;  the  nmsance  of  these  producta  led  to  many  inconyeniences,  Hr.  Mao- 
intosh,  then  employed  in  the  mannfactnre  of  cndbear,  in  1819  entered  into  arrange- 
ments with  the  Glasgow  Gkus  Works  to  receiye  the  tar  and  ammoniacal  products. 
After  the  separation  of  water,  ammonia  and  pitch,  the  essential  oil  termed  naphtha 
was  produced,  and  it  occurred  to  him  that  it  might  be  made  use  of  as  a  solyent  for 
India-rubber,  and  by  the  quality  and  quantities  of  the  yolatile  naphtha,  he  could 
soften  and  dissolye  tne  India-rubber.  After  repeated  experiments  to  obtain  the  mix- 
tures of  due  consistency,  Hr.  lidacintosh,  in  1828,  obtained  a  patent  for  waterproof 
processes,  and  established  a  manufSstctory  of  articles  at  Glasgow,  and  eyentually,  with 
partners,  entered  upon  the  extended  scale  of  business  at  J£anchester,  now  so  well 
Known  as  the  firm  of  Charles  Macintosh  and  Co. 

The  action  of  many  solyenta  of  India-rubber  is  first  to  soften  and  then  to  form 
a  sort  of  gelatinous  compound  with  India-rubber,  requiring  mechanical  action  to 
break  the  bulk  so  as  to  get  oomplete  solution,  when  the  original  bulk  is  increased 
twenty  or  thirty  times  to  torm  a  mass :  it  may  be  imagined  wat  in  the  early  trials 
much  time  was  occupied,  and  manual  labour,  to  break  up  the  soft  coherent  mass,  &;c, 
while  hand-labour,  sieyes,  the  painters'  slab  and  muller,  and  other  simple  means  were 
resorted  to. 

Macintosh,  Hancock,  and  Goodyear,  alike  record  the  simple  manipulations  they  first 
employed,  and  the  impression  produced  at  the  last,  when  they  compared  their  small 
personal  efforts  with  the  gigantic  machinery  now  used  to  effect  the  same  results. 

Mr.  T.  Hancock's  first  patent. was  in  April  1820:  'For  an  improyement  in  the 
application  of  a  certain  material  to  yarious  articles  of  dress  and  oliier  articles,  that 
the  same  may  be  rendered  elastic'  Thus,  to  wrists  of  gloyes,  to  pockets  to  preyent 
their  being  picked,  to  waistcoats,  riding-belts,  boots  and  shoes  without  tyinp;  and 
lacing,  the  public  had  their  attention  directed.  To  get  the  proper  turpentme  to 
facilitate  solution,  and  remedy  defects  of  these  small  articles,  and  to  meet  the  difficul- 
ties of  practice  and  failures,  Mr.  Hancock  gaye  constant  zeal,  and  pursued  the  subject 
until,  united  with  the  firm  of  0.  Macintosh  and  Co.,  he  produced  one  of  the  most  impor- 
tant manufactures  known« 

To  get  two  clean  pieces  to  unite  together  at  their  recently-cut  surfetces,  to  obtain 
fiidle  adhesion  by  the  use  of  hot  water,  to  cut  the  India-rubber  by  the  use  of  a  wet 
blade,  to  collect  the  refuse  pieces,  to  make  them  up  into  blocks,  and  then  cut  the 
blocks  into  slices,  were  stages  of  the  trade  which  required  patience,  years  of  time,  and 
machinery  to  effect  with  satisfaction  to  the  manufacturer. 

To  operate  upon  the  impure  rubber  was  a  matter  of  absolute  necessity  for  economic 
reasons :  the  bottles  made  by  the  natiyes  were  the  purest  form,  but  larger  quantities 
of  rubber  could  be  cheaply  obtained,  full  of  dirt,  stones,  wood,  leayes,  and  earth.  To 
fadlitate  the  labour  of  cutting  or  diyiding,  Mr.  HancocJ^  resorted  to  a  tearing  action, 


and  constructed  a  simple  machine  for  the  purpose.  (See/^.  408).  ▲  shows  the  en- 
trance for  pieces  of  rubber ;  b,  interior  of  fixed  cylinder,  with  teeth ;  c^  cylinder  to 
reyolye  with  teeth  or  kniyes  ;  d,  the  resulting  ball  of  rubber. 

This  machine  had  the  effect  of  tearing  the  India-rubber  into  shreds  and  small 
fragments  by  the  reyolution  of  a  toothed  roller;  the  caoutdiouc  yielded,  became  hot» 
and  ultimately  a  pasi^  mass  or  ball  resulted ;  when  cooled  and  cut  it  appeared  homo- 
geneous. Waste  cuttings  put,  in  the  first  instance,  on  the  roller,  were  dragged  in,  and 
tfiere  was  eyideoce  of  action  oi  some  kind  taking  place ;  the  machine  was  stof^ed,  the 
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peoes  ware  found  C9lioring  togethei*  into  a  mass,  thia  being  cat  showed  a  mottled 
giain^  but  .being  replaced  and  subjected  to  the  leTolying  teeth  of  the  rollers,  it 
became  Teiy  hot;  and  was  found  to  be  uniformly  smooth  in  texture  when  cooled  and 
•cut  open. 

The  first  charge  was  about  2  ounces  of  rubber,  and  required  the  power  of  a 
man  to  work  it.  The  next  machine  soon  formed  a  soft  solid,  with  speed  and  power, 
from  all  kinds  of  scraps  of  India-rubber,  cuttings  of  bottles,  lumps,  shoes,  &c :  a  chiurge 
of  1  lb.  gave  a  smooui  uniform  cylindrical  lump  of  about  7  inches  in  length  and  1 
inch  in  diameter.  This  process,  including  the  use  of  heated  iron  rollers,  was  Ions 
kept  secret ;  it  is  now  known  as  the  masticating  process,  and  the  machines  are  called 
*  Masticators.'  In  the  works  at  Manchester  the  chaiges  are  180  lbs.  to  200  lbs. 
of  India-rubber  each,  and  tbej  produce,  by  steam-power,  single  blocks  6  feet  long, 
12  or  13  inches  wide,  and  7  inches  thick.  The  Mammoth  machine  of  Mr.  Chauf^ 
in  the  United  States,  weighs  about  80  tons,  and  appears  to  have  been  invented  about 
1837.  It  is  a  yaluable  machine,  difTering  in  construction  from  Hancock's  masticators, 
but  it  answers  well  in  many  respects ;  it  may  be  considered  as  the  foundation  of  the 
American  trade. 

In  1820  the  blocks  were  cut  into  the  form  of  square  j^eces  and  sold  by  the 
stationers  to  rub  out  pencil-marks,  and  then  thin  sheets  were  introduced  for  a  variety 
of  purposes.  A  cubical  block  cut  by  a  keen  sharp  blade  kept  constantly  wet,  gave  a 
sheet  of  India-rubber;  the  block  raised  by  screws  and  the  knife  guided,  enabled 
sheets  of  any  thickness  to  be  cut,  sometimes  so  even  and  thin,  as  to  be  semi-transparent ; 
when  warm,  the  small  sheets  could  be  joined  edge  to  edge,  and  thus  large  ones  pro- 
duced. From  the  blocks,  rollers  of  solid  rubber  could  be  iniade,  cylinders  were  covered 
for  machinery,  billiard  tables  had  evenly  cut  pieces  ai^usted,  tubes  and  vessels  for 
chemical  use  were  employed,  and  constantly  increasing  trials  were  made  of  the  masticated 
rubber. 

These  remarks  upon  the  early  and  suooessM  manufocturers  wiU  better  enable  the 
outline  of  improvements  to  be  followed.  It  can  readily  be  imagined  that  when  capital 
and  interest  combined  to  meet  the  changing  requirements  Sf  the  public,  the  trade 
applications  became  more  numerous ;  many  of  these  were  secured  by  patents,  but  very 
many  were  worked  as  secret  processes. 

The  department  of  operative  industry  which  embraces  caoutchouc  manufactures 
has,  within  a  few  years,  acquired  an  importance  equal  to  that  of  some  of  the  older 
arts,  and  promises,  ere  long,  to  rival  even  the  textile  fabrics  in  the  varie^  of 
its  designs  and  applications.  The  manu&cture  of  caoutohono  has,  at  present,  these 
principed  branches: — 1.  The  condensation  of  the  crude  lumps  or  shrods  of  caout- 
chouc, as  imported  from  South  America,  India,  &o.,  into  compact  homogeneous 
blocks,  and  the  cutting  of  these  blocks  into  cakes  or  sheets  for  the  stationer,  surgeon, 
shoemaker,  &c.  2.  The  filature  of  either  the  India-rubber  bottles,  or  the  artificial 
sheet  caoutchouc  into  tapes  and  threads  of  any  requisite  length  and  fineness,  which, 
being  clothed  with  silk,  cotton,  linen,  or  woollen  yams,  form  tho  basis  of  elastic 
tissues  of  every  kind«  3.  The  conversion  of  the  refuse  cuttings  and  coarser  qualities 
of  caoutchouc  into  a  viscid  varnish,  which,  being  applied  between  two  surleuies  of 
cloth,  constitutes  the  well-known  double  fabrics,  impervious  to  water  and  air ;  and  by 
special  applications  to  one  surface,  constitute  the  single-textnre  fabrics.  4«  The 
vulcanisation  of  India-rubber.  5.  The  mechanical  applications  resulting  from  the 
changed  India-rubber.    6.  The  solarisation  of  caoutchouc 

The  caoutchouc  as  imported  in  skinny  shreds,  fibrous  balls,  twisted  concretions, 
cheese-like  cakes,  and  irregular  masses,  is,  always  more  or  less,  impure,  but  some- 
times it  is  fraudulently  interstratified  with  earthy  matter.  It  is  first  cleansed  by  being 
cut  into  small  pieces,  and  then  washed  in  warm  water.  It  is  next  dried  on  iron  travs, 
heated  with  steam,  while  being  carefully  stirred  about  to  separate  anv  remaining  dirt, 
and  is  then  passed  through  a  pair  of  iron  rolls,  under  a  stream  of  water,  whereby 
it  gets  a  second  washing,  and  becomes  at  the  same  time  equalised  by  the  separate 
pieces  being  blended  together.  The  shreds  and  cuttings  thus  laminated,  if  still  foul 
or  heterogeneous,  are  thrown  back  into  a  kind  of  hopper  over  the  rolls,  set  one-sixteenth 
of  an  indi  apart,  and  passed  several  times  through  between  them. 

In  the  establishment  of  William  Wame  and  Co.  at  Tottenham,  rinsing  and  lamina- 
tion are  superseded  by  a  process  of  washing  practised  in  Mr.  Nickels's  second  opera- 
tion, commonly  called  ^effrinding,  or,  as  it  should  more  properly  be  styled,  the  kneading. 
The  mill  employed  for  agglutinating  or  incorporating  the  separate  fragments  and  shreds 
of  caoutchouc  into  a  homogeneous  elastic  ball,  is  a  cylindric^  box  or  drum  of  cast  iron,  8 
or  9  inches  in  diameter,  set  on  its  side  <^d  traversed  in  the  line  of  its  horizontal  axis 
(also  8  or  9  inches  long)  by  a  shaft  of  wrought  iron,  furnished  with  3  rows  of  pro- 
lecting  bars,  or  kneading  arms,  placed  at  angles  of  120  deg.  to  each  other«  These  act 
by  zotatioii  against  6  cmsel-Bhaped  teeth>  which  stand  <K)liquel^  up  ^m  the  firont 
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part  of  the  boMom  of  the  dram.  The  drum  itielf  ooiuiBti  of  $  seml-eyliiiderf ;  the 
under  one  of  vhkh  is  made  fast  to  a  strong  iron  framing,  and  the  nppe^  one  is  hinffed 
to  the  under  one  behind,  but  bolted  to  it  before,  so  as  to  form  a  cover  or  lid— which 
majbe  opened  or  laid  back  at  pleasure — in  order  to  examine  the  oaoutohouc  from  time 
to  time,  and  take  it  out  when  fully  kneaded.  In  the  oentre  of  the  lid  a  funnel  is  made 
£i8t,  bj  which  the  cuttings  and  shreds  of  the  India-rubber  are  introduced*  and  a 
stream  of  water  is  made  to  trickle  in,  for  washing  away  the  foul  matter  often  em- 
bedded in  it.  The  power  required  to  turn  the  axis  of  one  of  these  mills— as  the  drums 
or  boxes  are  called— may  be  judged  of  from  the  &ct,  that  if  it  be  only  2  inches  in 
diameter,  it  is  readily  twisted  asunder,  and  that  it  requires  to  be  3  inehee  to  withstand 
every  strain  prodnoed  by  the  fixed  teeth  holding  the  oaoutohouc  against  the  revolving 
arms.  Five  pounds  constitute  a  charge  of  the  materiaL  Hills  va^  in  siae,  and  charges 
range  from  7  to  14  lbs. 

One  of  the  most  remarkable  phenomena  of  the  kneading  operation,  is  the  prodigious 
heat  disengaged  in  the  alternate  condensation  and  expansion  of  the  caoutchouc 
Though  the  water  be  cold  as  it  trickles  in,  it  soon  becomes  boiling  hot,  and  emits 
copious  vapours.  When  no  water  is  admitted,  the  temperature  rises  much  higher,  so 
that  the  elastic  lump,  though  a  bad  conductor  of  heat,  cannot  be  safely  touched  with 
the  hand.  As  we  shall  presently  find  that  caoutdiouc  msSm  no  considerable  or  per- 
manent diminution  of  ita  volume  by  the  ftreateet  pressure  which  can  be  applied,  we 
must  ascribe  the  heat  evolved  in  the  kneading  process  to  the  violent  intestine  move- 
ments excited  throughout  all  the  partidee  of  Uie  Mastic  mass. 

During  the  steaming  much  muddy  water  runs  off  through  apertures  in  the  bottom 
of  the  drum.  In  the  coarse  of  half  an  hoards  trituration  the  varioos  pieces  become 
agglutinated  into  a  soft,  elastic,  ovoid  ball,  of  a  reddish-brown  colour.  This  ball  is 
now  transfeired  into  another  similar  iron  drum,  where  it  is  exposed  to  the  pricking  and 
kneading  action  of  8  sets  of  chisel  points,  5  in  each  set,  that  project  from  Uie  revolving 
shaft  at  angles  of  120  deg.  lo  each  other,  and  which  encounter  the  resistance  occasioned 
by  6  stataonaiY  chisel  teeth,  standing  obliquely  upwards  frxm  the  bottom  of  the 
drum.  Here  tae  caoutchouc  is  kneaded  dry  along  with  a  little  quicklime.  It  soon 
gets  veiy  hot ;  discharges  in  steam  through  the  punctures,  the  water  and  air  irfiich  it 
had  imbibed  in  the  preceding  washing  operation ;  becomes  in  ocmsequence  more  com- 
pact ;  and  in  about  an  hour  assumes  the  dark  brown  colour  of  stationers'  rubber. 
I)uring  all  this  time  frequent  explosions  take  place,  from  the  expansion  and  sudden 
extrication  of  the  imprisoned  air  and  steam. 

Instead  of  close  boxes  and  tearing  teeth  or  knives,  rollers  of  iron  are  now  employed 
(1868) :  their  forms  are  corrugate^  cut  or  indented,  the  pieces  of  India-rubber  are 
thrown  between,  and  by  heat  and  pressure  are  cleansed  and  incorporated ;  streams  of 
water,  warm  or  cold,  reffulate  these  operations  at  will,  of  coarse  with  lai^  rollers  of 
metal  e]^>osed  to  air  and  streams  of  water.  The  temperature  is  now  kept  so  low  that 
theprevioas  statement  may  appear  exaj;gerated  to  toose  idio  work  widi  more  power 
but  with  less  velocity  in  the  modem  arrangements.  Mr.  Hancodc,  however,  says,  *  the 
heat  it  acquires  is  veiy  surprising ;  I  have  found  in  cutting  a  heavy  charge  open,  and 
closing  it  upon  the  bulb  of  a  th^nnometer,  that  the  temperature  reached  280^ ;  *  this 
heat  was  only  due  to  motion  of  the  madiine  and  friction  upon  the  rubber,  as  the 
materials  and  the  machine  were  cold  at  the  outset  of  the  experiment. 

From  the  second  set  of  drums  the  ball  is  transferred  into  a  third  setv  whose  revolv- 
ing shaft  bein^  frimished  both  with  fiat  pressing  bars,  and  parallel  sharp  chisels,  per- 
pendicular to  it,  exercises  the  twofold  operation  of  priddn^  and  kneading  the  mass, 
so  as  to  condense  the  caoutchouc  into  a  homogeneous  solid.  Seven  of  the  finished 
balls,  wei^ng,  as  above  stated,  6  lbs.  each,  are  then  introduced  into  a  much  larser 
iron  drum  of  similar  construction,  but  of  greater  strength,  whoee  shaft  is  stodobd 
all  round  with  a  formidable  array  of  blunt  chisels.  Here  the  separate  balls  become 
perfectly  incorporated  into  one  mass,  free  from  honeycomb  cells  or  pores,  and  there- 
fore fit  for  being  squeesedinto  a  rectangular  or  cylindrical  form  in  a  suitable  cast-iroo 
mould,  by  the  action  of  a  screw-press.  When  condensed  to  the  utmost  in  this  box, 
the  lid  is  secured  in  its  place  by  screw  bolts,  and  the  mould  is  set  aside  for  several 
days.  It  is  a  curious  fact,  that  Mr.  I^evier  tried  to  use  this  as  a  moulding  force,  bv 
the  hydraulic  press,  without  effect,  as  the  cake  of  caoutchouc  after  being  so  eondensea, 
showed  much  more  resiliancy  than  after  the  compressing  action  of  the  screw.  The 
cake-form  generally  preferred  for  the  recomposed,  ground,  or  milled  caoutchouc^  is  a 
rectangular  mass,  about  18  inches  long,  9  indies  broad,  and  6  inehee  thick. 

This  is  sliced  into  cakes  for  the  stationer,  and  into  sheets  for  making  tapes  and 
threads  of  caoutchouc,  by  an  ingenious  self-acting  machine,  in  which  a  straight  steel 
blade,  with  its  edge  slanting  downwards,  is  made  to  vibrate  vary  rapidly  to  and  fro  in 
a  horifontal  plane ;  while  the  cake  of  caontehone  damped  or  embraced  at  eadi  side 
between  two  BtaeoDgirQii  bars,  is  sknrly  advanced  againat  the  Uade  hymanm-wak^ 
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Hlce  that  of  tii6  vlide-xMt  of  a  lathe.  In  catting  caontcilOQe  by  kidTM  of  every  fom, 
ft  is  essential  that  either  the  blade  or  the  incision  be  constantly  moistened  with  water; 
for  otherwise  the  tool  wonld  immediately  stick  &8t.  As  the  above  straight  vibraAing 
knife  slants  obliquely  downwards,  the  sheet  which  it  cuts  off  spontaneonsly  turns  np 
over  the  blade  in  proportion  as  it  is  detached  from  the  bottom  mass  of  the  cake.  The 
thickoF  slices  are  afterwards  cut  by  hand,  with  a  wetted  knife,  into  small  paialld- 
opipeds  for  Ibe  stationer,  the  sections  being  g^ded  reetangolarly  by  saw  lines  in  a 
v^)oden  finme.  Slices  may  be  cut  off  to  almost  any  desired  degree  of  thickness,  by 
means  of  an  adjusting  screw — a  mechanism  that  acts  against  a  board  which  supports 
the  bottom  of  the  cake,  and  raises  it  by  an  alicpot  part  of  an  inch,  the  cutting  blade 
being  caused  to  Tibrate  always  in  the  same  horunntBl  phiae.  These  thin  sliMs  con- 
stitute what  is  called  sheet  caoutchouc,  and  thepr  serve  tolerably  for  making  tubes  for 
pneumatic  apparatus,  and  sheaths  of  every  kind ;  since,  if  their  two  edges  be  eat 
obliquely  wiUi  dean  scissors,  they  may  be  made  to  coalesce,  by  gentle  pressure,  so  in- 
timately, that  the  line  of  junction  cannot  be  discovered  either  by  the  eye,  orby  inflatioB 
of  a  bas  or  tube  thus  formed. 

The  mode  of  recomposing  the  cuttings,  shreds,  and  coarse  lumps  of  caoutchouc  into 
a  homogeneous  elastic  cake,  specified  by  Mr.  Nickels,  for  his  patent,  sealed  October  24, 
1886,  is  not  essentially  different  firom  that  above  described.  The  cylinders  of 'his  mill 
are  more  capacious,  are  open  at  the  sides  like  a  cage,  and  do  not  require  the  washing 
apparatas,  as  the  caoutchouc  has  been  cleansed  by  previous  lamination  and  rinsing. 
He  completes  the  kneading  opeuation,  in  this  open  cylinder,  within  the  space  of  about 
two  hours,  and  afterwards  squeeses  the  large  ball  so  formed  into  the  cheese-form,  in  a 
mould  subjected  to  the  action  of  an  hydmulie  press.  As  he  succeeds  perfectly  in 
making  compact  cakes  in  this  way,  his  caoutchouc  must  dil&r  somewhat  in  its  f^ysical 
constitution  &om  that  recomposed  by  Mr.  Sievier's  process.  He  uses  a  press  <xf  the 
power  of  70  tons ;  such  pressure,  however,  must  not  be  apnlied  suddenly,  but  pro- 
gressively, at  intervals  of  two  or  three  minutes  between  eacb  stroke ;  and  when  the 
pressing  is  complete,  the  caoutchouc  is  allowed  to  remain  under  pressure  till  it  is  cold, 
when  he  thrasts  it  out  of  the  mould  entirely,  or,  placing  his  mould  in  the  slide-rest 
mechanism,  he  gradually  raises  the  caoutchouc  out  of  it,  while  the  vibrating  knife 
cuts  it  into  slices  in  the  manner  already  described.  The  elegant  machine  by  which  these 
sheets  are  now  so  easily  and  accuratelysliced,  was  originally  contrived  and  constructed 
by  Mr.  Beale,  engineer,  Church-lane,  WhitechapeL 


n.  FiLiTUBB  07  Caoxjtchouo  vob  Maxhio  Elastio  Fabbios 

The  following  particulars  may  be  deemed  as  belonging  to  the  history  of  the  manu- 
facture of  threads  of  native  rubber, — the  cured,  or  vidcanised,  or  mineraHsed  rubber 
having  quite  superseded  the  modes  of  preparing  threads  from  native  bottle  caoutdiouc 

Messrs.  Battier  and  Guibal  mounted  in  their  factory  at  St.  Deny's,  Br.  Ure  says,  in 
the  year  1826  or  1827,  a  machine  for  eotting  a  disc  of  caoatdioue  into  a  eontmuout 
fillet  sprally,  from  its  drcumforence  towards  its  centre.  This  fiat  disc  was  made  by 
pressing  the  bottom  part  of  a  bottle  of  India-rubber  in  an  iron  mould.  A  madiine 
on  the  same  principle  was  made  the  subject  of  a  patent  by  Mr.  Joshua  Proctor  West- 
head,  of  Manchester,  in  February  1846;  and,  being  constructed  with  the  well-known' 
precision  of  Manchester  workmanship,  it  has  been  found  to  act  perfectly  well  in 
catting  a  disc  of  caoutdiouc,  from  the  circumference  towards  the  centre  spirally,  into 
one  continuous  length  of  tape.  For  the  service  of  this  machine,  the  bottom  of  a  bottle 
of  India-rubber  of  good  quality  being  selected,  is  cut  off  and  fiattened  by  heat  and 
pressure  into  neariy  a  round  cake  of  imiform  thjtimess.  The  cake  is  made  fast  at  its 
centre  by  a  screw  nut  and  washer  to  the  end  of  a  horizontal  shaft,  which  maybe  made 
to  revolve  with  any  desired  velocity  by  means  of  appropriate  pullies  and  bands,  at  the 
same  time  that  the  edge  of  the  disc  d  caoutchouc  is  acted  on  by  a  circular  knife  of 
cast  steel,  made  to  revolve  8,000  times  per  minute,  in  a  plane  at  right  angles  to  that 
of  the  disc,  and  to  advance  upon  its  axis  progressively,  so  as  to  pare  off  a  ccmtinuous 
uniform  tape  or  fillet  from  the  circumference  of  the  cake.  During  this  cutting  opera- 
tion, the  knife  and  caoutchouc  are  kept  constantly  moist  witib  a  slender  stream  of 
water.  A  succession  of  threads  of  any  desired  fineness  is  afterwards  cut  out  of  this 
fillet,  by  drawing  it  in  a  moist  state  through  a  guide  slit,  against  the  shufp  edge  of  a 
revolving  steel  £sc  This  operation  is  dexterously  performed  by  the  hancU  of  young 
girls.  MM.  Battier  and  Guibal  employed,  at  the  above-mentioned  period,  a  mechanism 
consisting  of  a  series  of  circnhir  steel  knives,  fixed  parallel  to  eadi  otiier  at  minute 
distances,  regulated  by  interposed  washers  upon  a  revolving  shaft;  which  series  of 
knivei  aded  against  another  aimikr  series,  placed  upon  a  pazallel  acljoining  shafti 
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"witlx  tlie  offeefc  of  cutting  the  tape  throughout  its  length  into  eight  or  more  thieoda  at 
once«  An  improved  modification  of  that  apparatus  is  described  and  figured  in  th» 
specification  ik  Mr.  Nickels's  patent  of  October  1886.  He  employed  it  for  cutting  into 
threads  the  tapes  made  fh>m  the  recomposed  caoutchouc. 

The  bodj  of  the  bottle  of  India-rubber,  and  in  general  an^  hollow  cylinder  of 
caoutchouc,  is  cut  into  tapes,  by  being  first  forced  upon  a  mandril  of  softwood  of  such 
dimensions  as  to  keep  it  entirely  distended.  This  mandril  is  then  secured  to  the  shaft 
of  a  lathe,  which  has  one  end  formed  into  a  fine-Uireaded  screw,  that  works  in  a  fixed 
nut,  so  as  to  trayerse  from  right  to  left  by  its  rotation*  A  circular  disc  of  steel,  kept 
moist,  reyolves  upon  a  shaft  parallel  to  the  preceding,  at  such  a  distance  firom  it  as  to 
out  through  the  caoutchouc,  so  that,  by  the  traverse  movement  of  the  mandril  shafts 
the  hollow  cylinder  is  cut  spirally  into  a  continuous  fillet  of  a  breadth  equal  to  the 
thickness  of  the  side  of  the  cylinder.  Mr«  Nickels  has  described  two  methods  of 
forming  hoUow  cylinders  of  recomposed  caoutchouc,  for  the  purpose  of  being  cut  into 
fillets  by  such  a  machine. 

It  is  probable  that  the  threads  formed  firom  the  best  India-rubber  bottles,  as  im- 
ported from  Para,  are  considerably  stronger  than  those  made  £rom  recomposed 
caoutchouc  and  therefore  much  better  adapted  for  making  Mr.  Sievier^s  patent  elastio 
cordage.  When,  however,  the  kneading  operation  has  been  skilfully  performed, 
it  is  found  that  threads  of  the  ground  caoutchouc,  as  it  is  incorrectlv  called  by  the 
workmen,  answer  as  well  for  any  ordinary  purpose  of  elastic  f&brics,  and  are,  of  course, 
greatly  more  economical,  fi*om  the  much  lower  price  of  the  materiaL 

The  following  fys,  404,  405,  406f  represent  the  machine  for  cutting  the  spiral 
riband.  The  disc  d,  placed  horizontally,  turns  round  its  vertical  axis,  so  as  to  present 
ts  periphery  to  the  edge  of  a  knife  c,  formed  like  a  circular  blade,  whose  plane  ia 


404 


perpendicular  to  that  of  the  bases  of  the  disc  It  is  obvious,  that  if  the  disc  alone 
revolved,  the  motionless  knife  could  act  only  by  pressure,  and  would  meet  with  an 
enormous  resistance.  A  third  movement  becomes  necessary.  In  proportion  as  the 
disc  is  dindni^ed  by  the  removal  of  the  spiral  band,  the  centre  <^  ttiis  disc  must 
advance  upon  the  knife  in  order  that  the  riband  may  have  always  the  same  breadth. 
The  inspection  of  ^.  406,  will  make  the  accordance  of  the  three  motions  intelligible. 
The  knife  o  is  placed  upon  a  shaft  or  axis  ▲,  which  carries  a  pulley,  round  which  a 
belt  or  cord  runs  which  drives  the  whole  machine. 

The  shelf  a.  bears  a  pinion^,  which  takes  into  a  wheel  b,  placed  upon  a  shaft  a'; 
upon  which  there  is  cut  a  worm  or  endless  screw,  v  t.  This  worm  bears  a  nut  a, 
•which  advances  as  the  screw  turns,  and  carries  with  it  a  tie  i,  which  in  its  turn  pushes 
the  disc  d,  carried  upon  a  shoulder,  constantly  towards  the  knife*  This  shoulder  is 
guided  by  two  ears  which  slide  in  two  grooves  out  in  the  thidmess  of  the  table*  The 
diameter  of  the  pinion  p  is  about  one  fifth  of  that  of  the  wheel  b  ;  so  that  the  arbour 
A  turns  five  times  less  quickly  than  the  arbour  a'  ;  and  the  fineness  of  the  screw  T 
contributes  further  to  slacken  the  movement  of  translation  of  the  disc 

The  rotatory  movement  of  the  disc  and  its  shoulder,  is  given  by  an  endless  screw 
w  w,  which  governs  a  pinion^,  provided  with  ten  te^  and  carried  by  the  shaft  a» 
upon  which  the  shoulder  is  mounted.  The  arbour  a'  of  this  endless  screw  receives 
its  motion  from  the  first  shaft  a,  by  means  of  the  wheels  s  and  s'  mounted  upon  these 
shafts  and  of  an  intermediate  wheel  s".  This  wheel,  of  a  diameter  equal  to  that  of 
the  shaft  a'',  is  intended  merely  to  allow  this  shaft  to  recede  from  the  shaft  a.  The 
diameter  of  the  wheel  of  this  last  shaft  ia  to  that  of  the  two  others  in  the  ratio  of 
10  to  8. 
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Second  fnaeJUnefor  wbdiinding  the  ribande,  t^e,  i67t  ^8^* — ^The  riband  is  engaged 
between  the  drcolar  kniyes  c  c,  which  are  mounted  upon  the  rollers  b  b  ;  thin  brass 
washers  keep  these  kniyes  apart  at  a  distance  which  may  be  yaried.  and  two  extreme 
washers  mounted  with  screws  on  each  roller  maintain  the  whole  systenL  The  axes  of 
these  rollers  trayerse  two  uprights  h  m,  famished  with  brasses,  and  with  adjusting 
sorews  to  approximate  them  at  pleasure.    The  axis  of  the  lower  roller  carries  a  wheu 


r,  which  takes  into  another  smaller  wheel  r^,  placed  upon  the  same  shaft  as  the  pulley 
p,  which  is  driven  by  a  cord.  The  diameter  of  the  wheel  r  is  three  times  greater  than 
the  wheel  r'.  The  pulley  p  is  twice  the  size  of  the  wheel  / ;  and  its  cord  passes  round 
a  drum  b,  which  drives  the  rest  of  the  machine. 

Threads  of  caoutchouc  are  readily  pieced  bv  paring  the  broken  ends  obl]q[nely  with 
scissors,  and  then  pressing  them  together  with  dean  fingers,  taking  care  to  admit  no 
grease  or  moisture  within  the  junction-line.  These  threads  must  be  deprived  of  their 
elasticity  before  they  can  be  made  subservient  to  any  torsile  or  textile  manufacture. 
Each  thread  is  ineUisticated  individually  in  the  act  of  reeHog,  by  the  tenter  boy  or 
girl  pressing  it  between  the  moist  thumb  and  finger,  so  as  to  stretch  it  to  at  least 
eight  times  its  natural  length,  while  it  is  drawn  rapidly  through  between  them  by  the 
rotation  of  the  power-driven  wheel.  This  extension  is  accompanied  with  condensation 
of  the  caoutchouc,  and  with  verv  considerable  disengagement  of  heat,  as  pointed  out  in 
Nicholson's  Journal  upwards  of  85  years  ago,  by  mi,  6k>ugh,  the  blind  philosopher  of 
Kendal.  To  stretch  the  thread,  in  the  act  of  reeling,  the  sensation  of  heat  is  too 
painful  for  unseasoned  fingers.  The  reels,  after  being  completely  filled  with  the 
thread,  are  laid  aside  for  some  days,  more  or  fewer,  according  to  the  quality  of  the 
caoutchouc,  the  recomposed  requiring  a  longer  period  than  the  bottle  material. 
When  thus  rendered  inelastic,  it  is  wound  off  upon  bobbins  of  various  sices,  adapted 
to  various  sizes  of  braiding,  or  other  maddnes,  where  it  is  to  be  clothed  with  cotton  or 
other  yam. 

In  the  process  of  making  the  elastic  tissubs,  the  threads  of  caoutchouc  being  first 
of  all  deprived  of  their  elasticity,  are  prepared  for  receiving  a  sheath  upon  the 
braiding  machine.  For  this  purpose  they  are  stretched  by  hand,  in  the  act  of  wind? 
ing  upon  the  reel,  to  7  or  8  times  their  natural  length,  and  left  two  or  three  weeks  in 
that  state  of  tension  upon  the  reels.  Thread  thus  inef^utioated  has  a  specific  gravity 
of  no  less  than  0*948732 ;  but  when  it  has  its  elasticity  restored,  and  its  length  reduced 
to  its  pristine  state,  by  rubbing  between  the  warm  palms  of  the  hands,  the  specific 
gravity  of  the  same  piece  of  tfead  is  reduced  to  0'92d989.  This  phenomenon  is  akin 
to  that  exhibited  in  the  process  of  wire-drawing,  where  the  iron  or  brass  gets  condensed, 
hard,  and  brittle,  while  it  disengages  much  neat ;  which  the  caoutchouc  thread  also 
does  in  a  degree  intolerable  to  unpractised  fingers. 

For  the  solution  of  India-rubber,  for  the  manufacture  of  elastic  tassues*  the  follow«« 
ing  has  been  strongly  recommended : — 

The  raw  India-rubber  is  soaked  in  dear  Water,  and  boiled  for  about  an  hour,  to 
remove  dirt  It  is  then  taken  out  of  the  water  and  cut  into  round  slices  about  one 
centim.  in  thickness.  It  is  then  rolled  out  into  layers  about  2  metres  long  and  0'16 
mitre  broad.  The  mbber  is  then  dried  in  a  warm  chamber.  After  the  drying  follows 
the  solution.  About  26  kilos  of  rolled  caoutchouc  are  placed  in  a  wooden  vat,  lined 
with  zinc,  and  treated  with  a  mixture  of  60  kilos  benzol,  and  70  kilos  oil  of  turpentine. 
Both  these  liquids  must  be  perfectly  free  from  teLttj  matters,  or  the  solution  cf  India- 
mbber  will  be  useless.  The  caoutdiouc,  before  being  brought  into  contact  with  the 
solvents,  is  tom  up  into  small  fragments.  The  mass  is  stirred  occasionally,  till  it  forms 
a  thick,  homogeneous  liquid.  To  test  the  benzol  and  turpentine,  small  jMntions  of  each 
are  evaporated  to  dryness  in  the  water-bath.  If  any  trace  of  fat  remains,  the  sample 
is  at  once  rejected. 
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In  the  maimfhctog^  of  elastitf  &btic8,.t]ie  riband  looms  at  HblloMp  cBsplayed  to 
great  advantage  the  mechanical  genraa  of  iJie  patentee,  Mr.  fiieyier.  Their  jwodne* 
tiye  powers  maj  be  inferred  firom  the  following  statement: — *  5,000  jarda  of  1-inc^ 
braces  are  woven  weekly  in  one  18-riband  loom,  wheiebj  the  female  operative,  who 
has  nothing  to  do  but  imteh  its  antomatio  movements,  earns  10«.  a-w>eek :  9,000  yaida 
of  2-inch  braces  are  woven  npon  a  similar  loom  in  the  same  time.'  !&it  one  of 
Mr.  Sievier^s  most  cniious  patent  inventions  is  that  of  producing,  by  the  shrinking  of 
the  caoutchouc  threads  in  the  foundation  or  warp  of  the  8tn£^  the  appearance  of  n^ed 
figures,  closely  resembling  ooach-lace,  in  the  weft  Thus,  by  a  simple  physical  operation^ 
there  is  produced,  at  an  expense  of  one  penny,  an  e£^  which  ooula  not  be  eflected  by 
mechanical  means  for  less  than  one  shilling.  This  manufacture  is  not  now  earned  on 
in  that  locality. 

in.  Or  TBB  WATiB-VBoor  BouBU  Fabbios. 

In  1887,  Mr.  Hancock  obtained  a  patent  to  produce  wmterpcoof  cloth  with  greatly 
reduced  quantities  of  dissolved  caoutchouc,  and  in  some  oases  without  any  solvent  at 
alL  The  masticated  rubber,  rolled  into  sheets,  was  moistened  on  both  sides  with 
a  solvent  and  rolled  up.  The  following  day  these  were  submitted  to  rollers  of  different 
speeds,  and  the  whole  became  a  plastic  mass.  Instead  of  a  wooden  plank,  as  the  bed 
of  the  machine,  a  revolving  iron  cylinder  was  used,  kept  hot  by  steam  or  water,  and 
the  coated  doth  passed  over  fiat  iron  ehambens  heated  the  same  way,  to  evapOTate 
the  small  quantity  of  solvent.  Masticated  rubber  has  been  spread  without  any  solvent 
by  these  madiines ;  but  the  spreading  is  best  effected  by  the  rubber  being  in  soma 
degree  softened  by  the  addition  of  small  quantities  of  the  solvent. 

Sheets  of  rubb^  have  been  prepared  by  saturating  the  cloth  with  gam,  starch,  glue» 
te,  then  rubber  dough  was  placed  on  this  smoothed  surfiMe ;  sufficient  coatings  of 
the  rubber  were  spread  to  make  up  the  desired  thickness,  the  doth  was  immersed  in 
warm  water  to  dissolve  the  gum,  when  the  sheet  of  rubber  came  off  with  ease,  and  the 
phistic,  or  dough  state^  was  the  precursor  of  vulcanisation  ezj^riments  and  success. 

The  danuniness  of  caoutchouc  is  removed  by  Mr.  Hancock  m  the  following  manner: 
— 10  lbs.  of  it  are  rolled  out  into  thin  sheets  between  iron  flinders,  and  at  the  same 
time  20  lbs.  of  French-chalk  (silicate  of  magnesia)  are  sifted  on  and  incorporated 
with  it»  by  meana  of  the  usual  kneading  apparatus.  When  very  thin  fiims  are 
required  (like  sheets  of  paper),  the  caoutchouc,  made  plastic  with  a  little  naphtha,  is 
spread  upon  doth  previously  saturated  with  size,  and  when  dry  is  stripped  o£ 
Miztozes  of  caoutchouc  so  softened  may  be  made  with  asphalt,  with  pigments  of  vazioua 
kinds,  and  with  jdumbago,  sulphur,  &c. 

The  first  form  of  bags  or  pulows,  or  ordinary  air-cushions,  is  well  known,  and  was 
manufactured  by  C.  Macintosh  and  Co.  as  early  as  1825  and  1826 ;  when  pressure 
is  apnlied  they  yidd  for  the  instant  to  the  compressing  body,  and  then  become  rigid, 
and  the  whole  strain  is  borne  by  the  inelastic  material  of  the  bag.  Mr.  T.  Han<»dL 
once  tried  an  ordinaiy  pillow  between  boards  in  a  hydraulic  press,  and  he  records 
that  it  bore  a  pressure  of  7  tons  before  it  burst.  To  remedy  the  evils  of  this 
form  an  ingenious  arrangement  was  made  of  inserting  slips  of  India-rubber  into 
the  fabric,  so  that  it  expanded  in  every  direction.  This  yieldinff  of  the  case,  and 
division  into  strengthened  partitions,  enabled  seats,  beds,  and  other  applications  to 
be  made. 

The  gas-bags  now  so  commonly  used  appear,  by  Mr.  Hancock's  statement,  to  have 
been  mMe  for  experimental  purj^oses  in  the  year  1826 ;  and  in  May  1826,  at  the 
suggestion  and  for  the  use  of  neut.  Drummond,  to  be  employed  in  the  Trigono* 
metrical  Survey  of  these  islands,  with  the  ozy-hydrocen  jets  of  gas  on  balls  of  lime. 

They  were  made  strong  and  of  rough  materials — fustian  made  air-proof  with  thin 
sheet  rubber.  Mr.  Hancock,  to  try  miether  the  rubber  was  absolutely  impervious  to 
water,  had  a  bag  made  and  weighed  it  from  time  to  time  during  80  years ;  me  decrease^ 
«f  weight  is  shown : — 

lb.  oi.diolu 

Oct  21, 1826  weight 114 

Oct.  26, 1827       „ 112 

Oct.    2,1885       ., 10    0 

Nov.       1844       „ 0  14  12 

Oct.        1849       „ 0  18    4 

Feb.        1861       „ 0    7    8 

May       1854       „ 0    8  14 

In  1856  it  was  cut  open  and  weighed  .        .    0    8  12 

It  was  quite  dryl     Thus  12  oe.  of  water  had  evaporated  or  escaped  in  a  quarter  of  t 
century,  and  18  ob.  8  dr.  in  30  years  of  observation. 
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"  He  remaxks  that  bags  of  snch  cloth  made  with  a  thin  coating  of  nibber,  soon  eva* 
porated  sufficient  water  to  cause  mildew,  when  laid  upon  each  other ;  but  this  slow 
eyapoiation  does  not  interfere  with  their  ordinary  applications. 

The  porosity  of  caoutchouc  would  appear  to  explwn  the  readiness  with  which  it  is 
permeated  by  difierent  liquids  which  have  no  chemical  action  upon  iU  Thin  sections 
of  dry  caontchoue  of  iha  best  kinds  absorb  firom  18  to  26  per  cent  of  water  in  the 
course  of  a  month,  and  beccmie  white  from  having  be<ni  brown.  It  is,  howerer,  found 
that  endosmose  action  is  constantly  aedye  in  India-rubber.  In  tubes  through  which 
gas  flows  there  is  always  some  escape  of  hydrogen  deprived  of  much  of  its  carbon. 

To  enumerate  the  applications  of  these  double  &bric8  for  cushions^  life-preservers, 
&C.,  beds  and  boats,  would  be  out  of  place  here. 

For  single-texture  fabrics,  or  cdoth  with  one  side  only  prepared,  the  process  is  the 
same  as  that  described  for  double  fabrics,  only  that  one  side  only  is  proofed,  or  covered' 
with  India-rubber  solution  or  paste ;  and  this  kind  of  waterfNNwf  has  an  advantage 
over  the  old,  that  the  surface  worn  outside,  being  non-absorbent,  imbibes  no  moisture 
and  requires  no  drying  after  rain  or  wear.  The  objection  to  single-texture  fiibrics, 
of  being  liable  to  decomposition  by  the  heat  of  the  sun  and  firom  dose  packing,  has 
been  obviated  by  a  discoveiy  adopted  by  Messrs.  Wame  and  Oo^  termed  by  them 
the  Sincalor  process  (sine  colore,  without  heat) ;  by  which  the  properties  of  the  rubber 
are  so  changed  that  heat,  grease,  naphtha,  and  perspiration,  vraich  decompose  the 
ordinary  India-rubber  .waterproof,  in  no  way  afiect  the  waterproof  goods  of  the 
'  Sincalor  *  pocess.  The  singular  changes  effected  by  this  process  are  especially 
shown  by  the  application  of  a  hot  iron  to  the  surface,  which  aestroys  it  without  the 
usual  decompositions ;  the  substance  is  burnt,  but  is  not  rendered  nmkj.  The  process 
is  stated  to  be  secret 

IV.  VVLOAJXtBLTlOV. 

Of  all  the  changes  efifected  by  chance,  observation,  or  chemical  experiments  of  late 
years,  few  cases  have  been  so  important  as  the  change  in  India-rubber  by  the  process 
called  Vulcanisation.  The  union  of  sulphur  with  caoutehouo  gives  new  properties 
so  valuable,  that  it  may  be  said  the  former  well-known  quality  of  elasticity  is  now 
rendered  so  variable  that  almost  every  range,  from  the  most  delicate  tenuity  to  the 
hardness  of  metals,  can  be  obtained  at.  will  by  the  manufacturer.  These  changes  in 
the  caoutchouc  are  produced  with  a  degree  of  permanence  to  defy  air,  water,  saline 
and  acid  solutions ;  the  material  is  incapable  of  being  corroded,  and  more  permanent 
under  harsh  usage  than  any  other  set  of  bodies  in  the  world.  Such  are  the  results  of 
the  processes  that  induce  a  'change'  in  caoutchouc  when  sulphur  and  heat  are  em- 
plo^fed;  where  metals  and  minerals  are  employed,  'metallised'  and  'mineralised,' 
*  thionised,'  and  a  number  of  other  terms  have  been  used. 

When  caoutchouc  is  mixed  with  from  2  to  10  percent  of  STilphur,  and  then  heated  to 
270^  and  300^,  it  undergoes  a  change,  it  acquires  new  characters,  its  elasticity  is 
greatly  increased,  and  is  more  equable ;  it  is  not  al^ted  nor  is  the  substance  altered 
by  cold,  no  climate  effects  a  change,  heat  scarcely  affects  it,  and  when  it  does  it  does 
liot  become  sticky  and  a  viscid  mass ;  if  it  yields  to  a  high  temperature  it  is  to 
become  harder,  and  will  ultimately  yield  only  at  the  advanced  temperature  to  char 
and  to  decompose.  All  the  ordinary  solvents  are  ineffectual.  The  oils,  grease,  ether, 
turpentine,  naphtha,  and  other  solvents  scarcely  alter  it,  and  the.  quantitv  of  sulphur 
that  will  effect  the  change  is  known  not  to  exceed  1  or  2  per  cent  Further,  if  pecu- 
liar solvents,  such  as  alkalies,  remove  all  apparent  sulphur  from  it  still  the  change 
remains ;  indeed,  the  analogy  of  steel  to  iron  bv  the  changes  of  condition  effected  by 
some  small  quantities  of  other  bodies  seems  to  be  an  analogous  condition.  Whatever 
the  theory,  which  is  exceedingly  obscure,  still  the  practice,  by  whatever  name,  is  to 
obtain  tms  changed  state  and  exalted  elastic  properties. 

'Vulcanisation'  was  discovered  in  America.  Mr.  Goodyear  relates,  that  having 
made  a  contract  for  India-rubber  mail  bags,  they  softened  and  decomposed  in  service, 
and  while  he  thought  a  permanent  arUcle  had  been  made,  the  colouring  materials 
and  the  heat  united  to  soften  and  to  destroy  the  bags ;  hence,  by  this  lailure,  dis- 
tress of  all  kinds  arose,  and  the  trade  was  at  an  end.  During  one  of  the  calls  at  the 
place  of  abandoned  manufacture,  Mr.  Good)rear  tried  a  few  simple  experiments  to 
ascertain  the  effect  of  heat  upon  the  coinposition  that  had  destroyed  the  mail-bags, 
and  carelessly  bringing  a  piece  in  contact  with  a  hot  stove,  it  charred  like  leather. 
He  called  the  attention  of  his  brother,  as  well  as  other  individuals  who  were  present, 
and  who  were  acquainted  with  the  manufacture  of  gum  elastic,  to  the  fact  as  it  was 
remarkable,  and  unlike  any  before  known,  since  sum  elastic  always  melted  when 
exposed  to  a  high  degree  of  heat     The  occurrence  did  not  at  the  time  appear  to  them 
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to  be  worthy  of  much  notice.     He  soon  made  other  trials,  the  India-robber  aliraji 
chairing  and  hardening. 

Ab  ordinary  India-robber  is  always  tending  to  adhere,  many  plans  had  been  tried 
to  preyent  this.  Ohali,  magnesia,  and  snlphnr  had  been  patented  in  England  and 
America,  bnt  no  one  seems  to  have  supposed  any  other  change  wonld  be  produced  by 
heat  Mr.  €h>odyear  proceeded  to  try  experiments,  and  {nrodnced  remarkable  results : 
samples  of  goods  were  shown  about  and  sent  to  Emrope. 

The  late  Mr.  Brockedon,  so  weU  known  for  his  talents  and  love  of  sdentiflc  inyes- 
tigadons,  had  long  pursued  means  to  obtain  a  substitute  for  corks,  and,  after  much 
ingenuity,  had  devised  India-robber  stoppers.  As  soon  as  all  mechanical  difficulties 
were  oyer,  objections  were  taken  to  the  colour  of  the  substance.  Some  samples  of  a 
changed  robber  came  into  his  possession,  of  which  it  was  declared  they  would  keep 
flexible  in  the  cold,  and  were  found  not  to  haye  an  adhesiye  suifEtee.  These  caused 
numerous  experiments,  as  it  was  recognised  that  a  change  had  been  effected,  and 
although  Mr.  Brockedon  failed,  yet  Mr.  Hancock  kept  on  working,  combining  sulphur, 
with  eyery  effect,  but  that  of  yulcanisation,  -as  he  was  iffnoiant  of  the  power  of  heat  to 
effect  this  change.  He  used  melted  sulphur,  and  produced  proof  of  absorption,  for 
the  pieces  of  caoutchouc  were  made  yellow  throughout;  by  ebyating  the  temperature 
he  found  they  became  changed,  the  lower  end  of  slips  'nearest  the  Are  turning 
black,  and  becoming  hard  and  horny'  (the  sulphur  was  melted  in  an  iron  pot). 
By  these  simple  obrarvations,  as  they  now  seem,  Mr.  €h)odjrear  in  America  and  Mr. 
Hancock  in  England  were  induced  to  take  out  patents,  and  commence  that  series  of 
manufacturing  applications  to  which  there  seem^  no  limit.  The  flrst  English  patent 
was  by  Mr.  Hancock.  The  general  method  is  to  incorporate  sulphur  with  caoutchouc, 
and  submit  it  to  heat ;  if  any  particular  form  is  required,  the  mixture  is  placed  in 
moulds,  and  takes  off  any  delicate  design  that  may  be  upon  the  metal  mould, 
and  if  these  are  submitted  to  higher  degrees  of  heat,  the  substance  and  eyolyed  gases 
expand,  and  thus  a  yeiy  hard,  horny,  or  light  but  yeiy  strong  substance  is  produced, 
called  hard  India-robb^,  or  *yulcanite.'  Mouldines,  gun-stocks,  combs,  cabinet- 
work, and  hundreds  of  forms  may  be  obtained  by  uese  curious  means.  The  term 
( vulcanisation '  was  siyen  by  Mr.  Brockedon  to  this  process,  which  seemed  by  the  em- 
ployment of  heat  and  sulphur  to  partake  of  the  attributes  of  the  Yuloftn  of  mythology, 
for  the  'change '  or  '  yulcanisin^^  to  get  a  yielding  but  |)ermanently  elastic  substance, 
steam  heat  is  usually  employed  m  England,  but  in  America,  oyens,  withyarious  plans 
forproducing  diy  heat,  are  generally  employed. 

The  articles  thus  made  being  more  elastic,  unaffected  by  heat,  cold,  or  6olyents» 
attracted  much  attention,  and  Mr.  Farkes  was  engaged  to  find  out  a  method  of  pro* 
ducing  the  same  effects  now  secured  by  patent :  aU  ordinary  means  were  used  and 
given  up,  but  he  finally  succeeded.  The  process  of  cold  sulphuring  of  Mr.  Farkes 
consists  in  plunging  the  sheets  or  tubes  of  caoutchouc  into  a  mixture  of  100  parts  of 
sulphuret  of  carbon  and  2^  parts  of  protochloride  of  sulphur,  for  a  miuute  or  two,  and 
then  immersing  them  in  cold  water.  Thus  supersulphuration  is  prevented  in  conse- 
quence of  decomposing  the  chloride  of  sulphur  on  the  surfEuse  by  this  immersion, 
wlule  the  rest  of  the  sulphur  passes  into  the  mterior  by  absorption.  Mr.  Farkes  pre* 
Scribes  another,  and  perhaps  a  preferable  process,  which  consists  in  immersing  the 
caoutchouc  in  a  closed  vessel  for  8  hours,  containing  a  solution  of  polysulphuret  of 
potassium  indicating  a  densit^r  of  26^  Beaum^  at  the  temperature  of  248^  Fahr.,  then 
washing  in  an  alkaline  solution,  and  lastly  in  pure  water.  A  uniform  impregnation 
is  thus  obtained. 

In  the  first  instance  sulphur,  caoutchouc,  and  heat  were  alone  employed ;  the  tem- 
perature and  the  time  to  which  the  mixtures  are  suljected  to  heat  being  determined 
by  practical  experiments.  Vulcanised  robber  is  not  only  the  dianged  substance, 
as  produced  by  sulphur,  bnt  it  contains  metallic  oxides,  &;c,  metallic  and  mineral 
substances ;  and  these  compounds,  are  perhaps  much  better  fitted  for  their  respec- 
tive uses  than  the  pure  sulphur  and  India-robber.  White  lead,  sulphide  of 
antimony,  black  lead,  and  other  substances  enter  into  these  combinations.  After 
the  early  experiments  with  vulcanised  robber  there  seemed  reason  to  believe 
that  changes  slowly  took  place.  The  robber  was  found  to  become  brittle,  and 
bands  stretched  out  broke  immediately.  To  a  great  extent  tfiis  has  been  remedied  by 
the  use  of  lead,  which  seems  to  combine  with  the  sulphur,  for  changes  are  believed  by 
practical  men  to  take  place  with  pure  elastic  vulcanised  caoutchouc  which  do  not 
occur  when  metallic  matters  are  duly  mixed.  This  is  a  trade  statement,  which  may 
be  troe  for  some  special  uses.  The  brittleness  may  perhaps  more  fairly  be  admitted 
to  be  due  to  inexperience,  and  the  difllculties  to  meet  the  demands  of  the  public  for  a 
new  article ;  but  to  those  whom  it  maj  most  concern,  we  have  raised  this  question  so 
far  as  to  obtain  the  consdentions  opinion  of  Mr.  Thomas  Hancock  (now  retired  from 
business),  who  considers  that  by  the  peculiar  plan  of  vulcanising  by  a  bath  of  sulphor, 
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and  employing  high  pressure  steam  (described  in  Patent  of  18^),  he  obtains  Trhat  he 
calls  Tfwre  vulcanising,  that  is,  the  use  of  sulphur,  rubber,  and  heat  He  states  *  That 
by  this  mode,  the  greatest  amount  of  extensile  elatiiciti/  is  obtained,  and  that  this 
quality  is  diminished  in  proportion  as  other  matters  are  present  in  the  compound.' 
It  may,  however,  be  useful  to  record  some  of  the  results  of  early  trials  made  "br  com- 
petent authoritiee,  with  the  view  of  testing  its  ultimate  employments.  Mr.  Brocke- 
don  stated  at  the  Institution  of  Civil  Engmeers,  that  he  haa  kept  vulcanised  India- 
rubber  in  tranquil  water  fbr  14  ^rears  without  vimble  change,  ana  he  summed  up  the 
then  knowledge  of  trade  production,  that  there  was  perhaps  no  manu&cturing  process 
of  which  the  rationale  was  so  little  understood  as  tluit  of  vnlcAnising  caoutchouc ;  all 
was  conducted  on  the  observation  of  facts,  a  given  quantity  of  sulphur  to  a  certain 
thickness  of  rubber,  at  a  certain  temperature ;  and  certain  results  were  reckoned  upon 
with  confidence,  but  more  ftom  practice  than  theoiy.  ,  Mr.  Brockedon  had  placed 
vulcanised  rubber  for  10  years  in  damp  earth,  and  it  exhibited  no  change. 

When  articles  were  moulded,  the  metal  of  the  mould  was  not  a  matter  g£  indifference ; 
if  of  tin,  the  article  was  usually  delivered  perfectly  clean,  but  if  of  brass  or  copper, 
then  the  material  adhered  to  it>  probably  from  the  jtreater  affinity  of  the  sulphur  for 
the  metal  than  for  the  caoutchouc :  these  surfiice  effects  may  well  be  borne  in  mind, 
for  it  appears  not  to  be  an  ea^  matter  to  vulcanise  large  masses  of  caoutchouc,  while 
sheets  and  thin  films  are  readily  changed.  The  soft  masses  of  materials  are  placed  in 
moulds,  strongly  secured,  if  a  high  temperature  is  to  be  used,  and  the  mass  comes  out 
withtheform  thus  given  to  it,  and  more  or  less  elastic;  hence  the  suif)Ace  of  a  mass  is 
always  likely  to  be  advanced  in  the  vulcanising  changes. 

At  jpresent  a  very  large  proportion  of  the  articles  made  have  the  forms  given  to 
them  m  the  plastic  state,  and  then  subjected  to  heat ;  the  change  is  effected,  and  they 
retain  their  form,  although  rendered  permanently  elastic 

Mr.  Brockedon  and  Mr.  Brunei  tried  this  substance  on  the  Great  Western  Bailway, 
in  place  of  felt,  to  be  used  between  the  under  sides  of  bearing  rails  and  sleepers  of 
railwayB.  It  appeared,  by  constant  trials  of  nearly  a  year,  to  be  quite  indestructible  to 
anpr  action  to  wnich  it  had  been  exposed ;  the  slips  were  indented  by  the  edge  of  the 
rail,  but  not  permanently  so,  and  tae  surface  was  glazed,  as  if  by  motion ;  the  slips 
were6inchee  wide,  and  weio^edS  os.  to  the  yard  in  length :  the  tzansit  of  the  carriages 
was  easier  over  that  pert  of  the  line. 

To  test  the  power  of  endurance  to  heavy  blows,  Mr.  Brockedon  subjected  a  piece 
of  vulcanised  India-rubber,  1|  inch  thick  and  2  inches  in  area,  to  one  of  Nasmyth's 
steam-hammers  of  6  tons ;  this  first  rested  on  the  rubber  without  effect,  then  was  lifted 
2  feet  and  dro]pped  upon  it  without  ii^'ury,  then  lifted  4  feet,  and  the  vulcanised  cake 
was  torn,  but  its  elasticity  was  not  destroyed.  Still  more  severe  trials  were  made :  a 
block  of  vulcanised  caoutchouc  was  placed  as  between  cannon  balls,  with  the  whole 
power  of  the  heaviest  steam-hammers  employed,  but  the  iron  spheres  split  the  block, 
and  the  elasticity  of  the  vulcanised  caoutchouc  was  not  destroyed. 

Sheets  of  enormous  sise — ship-sheets — ^have  been  made  60  yards  long  and  66  inches 
wide,  others  10  feet  square ;  these  are  intended  to  pass  over  a  steam-veesers  side,  to 
adapt  a  valve,  ^  a  pipe,  or  repair,  firam  the  interior,  the  vessel  itself,  without  going 
into  dock.  These  stout  sheets,  fths  inch  thick,  are  let  down  by  ropes  over  a  ship's 
side,  and  brought  over  the  hole  or  place  for  repair  by  the  pressure  of  the  water  on 
the  elastic  sheet,  when  the  leak  mav  be  stopped  and  the  ship  pumped  dry,  pines  renewed, 
shot-holes  and  leaks  stopped.  Indeed,  an  earlv  application  of  compounos  of  native 
rubbers  and  other  materials  was  applied  directly  as  sheathing  for  ships  with  success ; 
but  liti^tion  among  the  parties  caused  the  business  to  cease.  Since  the  various  plans 
for  gettmg  a  flexible  material  have  been  successful,  there  seems  no  doubt  but  many 
unexpected  applications  will  be  made. 

Messrs.  Macintosh  had  coated  some  logs  of  wood  with  vulcanised  India-rubber, 
and  caused  them  to  be  towed  in  the  wake  of  a  vessel  aU  the  way  to  Bemerara  and 
back,  and  it  was  found  that  the  coated  logs  were  quite  intact,  while  the  uncoated 
timber  was  riddled  by  marine  borers.  The  same  finn  stated :  *  That  the  only  effect 
they  could  trace  upon  long  immersed  vulcanised  caoutchouc,  was  a  slight  chimge  of 
colour,  perhaps  a  hydrate  produced  by  superficial  absorption,  but  this  change  of 
colour  disappeared  on  being  dried.  If  they  were  called  upon  to  select  a  situation  for 
the  substance  to  retain  its  properties  for  the  longest  period,  they  would  select  immer- 
sion in  water.  After  years  of  experience  in  the  use  of  hose-pipes,  pipe-joints,  valves 
for  pumps  and  steam-engines,  they  had  never  known  an  iigury  firom  the  contact  of 
any  kind  of  water.' 

Mr.  (loodyear  sums  up  the  advantages  of  vulcanised  rubber  under  the  following- 
heads,  as  being  either  properties  new  or  superior  to  those  possessed  by  the  natural 
caoutchouc : — 
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1.  laaatdcity.  8.  Plastidty. 

2.  Pliability.  9.  Facility  of  receimg  every  Btyle  of 

3.  Durability.  printing. 

4.  Insolubility.  10,  Facility  of  being  omamented  by 
6.  XJnalterability  by  climate  oar  arti-  painting,   bronzing,    gliding,  ja- 

fldal  heat  or  cold,  panning,  and  mixing  with  colours. 

6.  InadhedTeness.  11.  Non-electxio  quality. 

7.  ImpenneabiHty  to  air,  gases,  and         12.  Odoui. 

liquids. 

Mr.  Buike,  in  deseribing  his  patented  process,  for  the  use  of  the  golden  solphuret 
of  antimony,  says,  that  he  ayoi&  two  principal  defects  of  the  usual  article,  vis.  its 
efflorescence  of  sulphur  witii  an  offi^nsive  odour,  and  its  consequent  decomposition 
and  becoming  rotten.  He  employs  crude  antimony  ore  (the  snlphuret  of  that 
metal,  in  fine  powder),  and  converts  it  by  boiling  in  water  with  soda  or  potash  (carbo- 
nates) into  the  orange  sulphuret  of  that  metal  (Eermes  mineral)  by  the  addition  of 
hydpochloric  add  to  the  fluid  in  slight  excess.  He  combines  this  compound  (after 
being  well  washed)  with  caoutchouc  or  ^tta-percha,  either  together  or  separately, 
according  to  the  degree  of  elastidty  wmch  he  wishes  to  obtam.  This  mixture  is 
afterwards  sulr|ected  to  a  heat  of  from  260^  to  280®  P.  He  masticates  the  caout- 
chouc in  the  usual  iron  box,  by  means  d  tha  kneading  fluted  revolving  roUew,  sub- 
jecting the  whole  to  heat.  The  antimonial  compound  is  then  added  in  quantities 
varying  from  5  to  16  lbs.,  according  to  the  strength  and  elastidty  reqmred  in  the 
compound.  At  the  end  of  from  one  to  two  hours'  trituration,  the  block  is  removed 
from  the  box,  and  idiile  in  a  warm  state  it  is  strongly  compressed  in  an  iron  mould; 
and  after  being  under  pressure  for  a  day  or  two  is  suljeoted  to  a  steam  heat  for  a 
couple  of  hours.  The  block  thus  prepared  may  now  be  cut  into  sheets,  and  afterwards 
divided  into  threads,  or  formed  into  such  other  artides  as  are  desired.  This  forms 
the  elastic  red  rubber. 

The  chief  improvements  operated  in  caoutchouc  by  the  process  of  vulcanisation  are 
the  properties  of  resistmg  and  remaining  unaffected  by  very  high  degrees  of  heat  and 
cold,  and  increased  compressibility  and  elastidty.  In  its  natcural  state  India- 
rubber  becomes  rigid  by  exposure  to  cold,  and  soft  and  plastic  by  heat,  or  under  the 
action  of  boiling  water.  Artides  manufactured  of  this  substance  suffer  and  lose  the 
qualities  whi(^  constitute  their  ysIub  in  cold  and  in  hot  countries.  A  piece  of  India- 
rubber  doth,  for  instance,  taken  to  Moscow  in  December  or  January,  would  assume 
all  the  qualities  of  a  piece  of  thin  sheet  iron,  or  thick  pasteboard ;  the  same  doth 
would  in  India  or  Syria  become  uncomfortably  pliable,  and  present  a  moist  and  greasy 
appearance ;  and,  indeed,  after  being  folded  up  some  time,  would  be  found  to  be  glued 
together.  Nothing  but  vulcanisation  insures  the  equable  condition  of  the  artides  in 
the  most  intense  cold,  and,  in  heat  up  to  and  above  800^  makes  India-rubber  fit  for 
practical  purposes.  These  advantages  have  conduced  to  its  being  veaiy  extenrively  used 
m  connection  with  machinery  of  every  description ;  and  as  steam  power  is  still  further 
employed,  and  as  the  numerous  other  advantages  possessed  by  vulcanised  India-rubber 
become  known  (for  it  is  only  of  late  that  any  idea  of  thdr  extent  has  been  realised) 
its  application  will  be  extended  and  its  consumption  proportionally  increased. 

The  compressibility  and  the  return  to  its  former  dimensions,  vdien  the  pressure  has 
ceased,  in  one  word,  the  elasticity  of  the  India-rubber,  is  increased  to  such  a  degree 
by  vulcanisation,  that  comparing  the  improved  with  the  original  artide,  it  may  be 
said  that  the  native  India-rubber  is  almost  devoid  of  elastidty.  The  high  degree  of 
elastidty  which  it  obtains  by  vulcanisation  is  shown  by  the  results  of  lie  following 
experiments,  in  which  a  block  of  the  vulcanised  India-rubber,  of  the  kind  used  for 
the  manufacture  of  railway  carriage  springs,  measuring  6  inches  outside  disc,  1  inch 
inside  disc,  and  6  inches  deep,  was  taken  and  exposed  to  pressure : — 


A  pressure  of  i  ton  reduced  it  to 
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The  block  was  left  under  pressure  for  48  hours,  and  in  each  case  returned  to  its 
original  dimensions  after  a  short  period  when  the  pressure  was  removed. 

Among  the  most  recent  uses  of  India-rubber  and  canvas,  are  those  of  its  manu- 
facture into  gas  and  ballast  bags,  the  former  are  used  for  the  transport  of  gas,  and 
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applied  to  the  rorioiis  emergencies  of  gas  engineering.  India-mbber  gas-tnbing  is 
now  in  general  use,  tiie  great  advantage  over  metal  tabes  being,  the  ease  -with  whidi 
gas  can  be  conveyed  to  whatever  part  of  the  building  it  may  be  required  in ;  this,  where 
any  alterations  are  being  effected,  is  a  great  desideratum.  Ballast  bags,  large  stout 
bf^  of  India-rubber  and  canvas,  capable  of  holding  from  1  to  5  or  10  tons  of  water, 
are  coming  into  use  as  the  most  convenient  form  of  ballast,  thus  saving  valuable  space 
which  is  made  available  for  cargo.  These  bags  may  be  emptied  at  any  time,  and  when 
flattened  down  and  rolled  up,  can  be  conveniently  stowed  away.  India-rubber  bags  for 
inflation  have  also  in  a  few  cases  been  made  use  of  for  buoying  up  vessels,  but  hitherto 
the  practice  has  been  experimental  only,  and  such  floating  machines  are  not  as  yet 
generally  in  use. 

The  vulcanising  of  India-rubber  on  silk  or  IrooUen  coods  was  for  a  long  time  considered 
impracticable,  because  the  process  of  vulcanisation  destroyed  the  fibre  and  texture  of 
the^  two  substances ;  but  it  is  stated  that  now  this  process  is  effected  in  a  manner 
which  deprives  neither  silk  nor  wool  of  their  natural  qualities  and  strength.  By  this 
improvement,  combined  with  Silver's  patent  process  of  annihilating  the  unpleasant 
smell  which  all  India-rubber  goods  used  to  acquire  in  the  process  of  manufEicture,  the 
advantages  of  that  substance  »)r  clothing  purposes  are  extended  to  the  li^test  and  the 
wannest  of  our  textures.  Silk  and  India-rubber  garments  are  made  without  any  de- 
terioration of  the  strength  and  dniabili^  of  the  sUif^  while  they  are  perfectly  free  from 
odour  of  any  kind. 

V.  MsOBJLNtCAL  ASVUCATIOIXB  OV  CAOUTCHOUC. 

Numerous  important  applications  of  caoutchouc  have  been  made  in  the  mechanical 
arte,  among  which  we  may  mention,  8prinp;s  for  railways  and  oonmion  road  carriages, 
military  carriages,  lifting  springs  for  mming  ropes  and  chains,  towing  ropes  and 
cables,  rigging  of  ships,  recoU  of  guns  on  ships,  the  tyres  and  naves  of  railwa;^  and 
other  wheels,  axles  and  axle  bearings,  wmdows  of  railway  carriages,  railway 
switches,  bed  of  steam-hammer,  couplings  for  locomotives  and  tenders,  packing  for 
steam  and  water  joints,  shields  for  axle  boxes,  sockets  for  water  pipes,  bands  for 
driving  machinery,  valves  for  pumps,  tubes  for  conveying  acids,  beer,  water,  and  other 
fluids,  packing  for  pistons,  &c. 

The  Exhibition  of  1862  presented  to  us  an  enormous  display  of  India-rubber 
manufacture.  The  applications  of  caoutchouc  to  driving  belts  for  machinery,  to 
washers  and  bn£fers,  were  numerous,  and  many  of  them  excellent. 

Messrs.  Ferreaux  and  Go.  were  exhibitors  of  a  valve  for  pumps  made  of  vulcanised 
caoutchouc.  Its  simplicity  and  efficiency  were  remarkable :  the  valve  was  simply  a 
cylinder  of  India-rubber,  with  its  two  sides  at  the  uttermost  end  pressed  together  like 
lips,  and  then  vulcanised,  which  makes  the  material  retain  the  form  given  to  it.  This 
valve,  when  in  position,  was  open  below,  and  closed  above  in  the  form  of  a  wedge ;  the 
fluid  easily  passes  upwards  owing  to  the  elasticity  of  the  material,  but  the  downward 
pressure  firmly  closes  the  lips  and  prevents  return.  Of  ebonite  and  kamptulicon 
there  were  many  examples,  embracing  a  curious  variety  of  articles  firom  philosophical 
apparatus  in  the  form  of  ^ectrical  machines,  to  pieces  of  Aimiture,  and  ornaments 
for  ladies'  wear.    See  Eboktib  and  KAMFruLicoK. 

Sprvngs, — ^The  first  proposal  to  use  caoutchouc  for  springs  that  we  are  aware 
of  occurs  in  Laoef/s  patent,  in  1826,  when  blocks  of  caoutchouc  were  proposed 
to  be  used,  having  dividing  plates  of  iron  between  each  series ;  but  little  seems  to 
have  been  done  towards  any  practical  application  at  that  time :  later,  in  1844,  NdvUle 
proposed  to  use  spheres  of  caoutchouc,  enclosing  air,  and  separated  by  discs  of 
wood  or  metal,  the  whole  being  enclosed  in  iron  cases,  and  used  for  buffers  and 
bearing  springs  for  railway  carriages.  In  1845  Waiter  and  MiUa  proposed  to  use 
bags  of  caoutchouc  enclosing  air,  and  contained  in  cases  ot  iron,  for  use  as  buffer 
springs. 

The  next  improvement  is  contained  m.Ftdler'$  patent  of  1845,  which  consists  in  the 
use  of  cylindrical  rings- of  vulcanised  India-rubber,  in  thicknesses  varying  from  |  to 
3  inches,  and  with  diameter  of  ring  suitable  to  the  power  of  spring  required ;  between 
each  of  these  cylindrical  rings  he  places  a  thin  iron  plate,  through  a  hole  in  the 
centre  of  whidi  passes  a  guide  rod.  Fta,  409  shows  Fuller's  spring  in  section  and  plan. 
These  springs  have  been  extensively  usea  as  buffer-,  bearing-,  and  draw-springsfor  railway 
uses,  alone  and  in  combination  with  De  Bergtu^i  improvements :  some  deSeSts  have  been 
found  in  practice  in  this  form,  to  obviate  which,  the  ingenuity  of  later  inventors  has 
been  exercised ;  the  defects  idluded  to  are,  the  tendency  to  swell  out  at  the  central 
unsupported  part  of  the  ring,  thus  from  the  undue  tension  rendering  it  liable  to  break 

zz2 
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undOT  sadden  ooncossioni  and  occasioning  complete  disint^pration  of  tho  loatetial 
where  not  breaking. 

409 


To  obviate  these  defects,  Qwrge  Spencer  (in  1862  and  1868)  proposed  to  mould 
the  caontchonc  at  once  in  the  rorm  it  assumes  under  pressure,  and  then  to  place  a 
confining  ring  of  iron  on  the  larger  diameter.  (See>^.  410).  By  this  ii^nions  plan, 
the  caoutchouc  loses  its  power  of  stretching  laterally,  being  held  by  the  ring  6,  secured 
in  a  groove  moulded  in  tne  cone  to  receive  it ;  when  the  pressure  is  applied  to  the  ends, 
the  rubber  is  squeezed  into  the  cuplike  spaces  c,  and  thus^  the  action  of  the  spring  is 
limited.  By  this  plan,  rubber  of  a  cheaper  and  denser  kind  can  be  used  than  on  the 
old  cylindrical  plan,  and  the  patentee  states  that  many  thousands  of  carria^  and 
trucks  are  fitted  with  these  s^ngs  which  g^ve  entire  satisfaction ;  among  which,  are 
those  on  the  Brighton,  South-Western,  NorUi  London,  South  Wales,  Yale  of  Neath, 
Bristol  and  Exeter,  Taff  Vale,  Lancashire  and  Yorkshire,  St.  Helen's,  Bombay  and 
Biffoda,  Theiss  Bdlways,  and  many  others.  These  cones  are  used  as  bu£^-,  bearing- 
and  dzaw-springs  for  railway  carriagesj  and  are  made  in  several  sices  to  suit  yarious 

410 


To  show  the  power  that  such  springs  are  equal  to,  we  append  the  result  of  an 

experiment  on  a  No.  1  cone  (for  inside  burors),  3  inches  in  length,  3f  inches  diameter 
at  ring,  5 'inches  diameter  of  ring. 

\9t  Expermsntt  without  the  confining  ring,  weight  of  cone  1^  lb. 

aiving  a  BferokB  «( 

I  inch. 


Inches 
Without  any  pressure  the  cone  measured         .        3 
With  preBsure^280  lbs4         „  .        .        2^ 

—448  lbs.  „  .        .        2  .        .      1 

„  —672  lbs.  „  .        .        U        .        .      U 


^ndExpermeni, 

With  the  confining  ring  5,  on  the  iaiM  double  cone ;  the  following  were  the 
results:— 


T^thout  any  pressure  the  cone  measured 
With— 448  lbs.  „ 

„     1,680  lbs.  „ 

„    2,912  lbs. 

„     15,680  lbs.  M 


8  inches,  as  befbfe. 
2 


If    n 
li    .. 
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The  ftdvantages  are  stated  to  be,  less  first  cost  than  steel;  less  veight,  6  cvt  being 
saved  in  each  carriage  by  their  use ;  and  great  durability. 

Cde7nan*$  improvement  consists  in  the  nse  of  iron  rings  to  confine  the  lateral 
swellings  of  Indu-rubber  cylinders.    (Seej^.  411).  They  are  used  as  bearing-Efrings 


411 


for  engines  and  tenders  on  the  North-Westem  Eailvay,  by  J.  £.  M'Gonnell,  £^.,  who 
jurefers  them  to  steel,  as  being  easy  in  action,  durable,  safe,  and  easy  of  repair ;  they 
are  used  also  as  bnfi^-  and  draw-eprings. 

The  next  form  of  these  springs  is  the  invention  of  S,  Eaton  (see  Jiff.  412).     This 
spring  seems  to  be  peculiarly  adapted  to  nse  where  a  poweifU  spring,  acting  through 

412 


a  small  space,  and  taldn|;  little  room,  is  required,  as  for  use  in  mining  ropes  and  chains, 
&;e.  Eaton's  main  idea  is  the  use  of  laminm  of  india-rubber,  of  a  Tna-rinnun  thickness 
of  ^  an  inch,  with  dividing  phites,  as  in  Laoe/s  and  FulWs,  which  avoids  the  objec- 
tions stated  above,  by  supporting  the  India-rubber  at  smaller  interTals;  for  springs, 


where  great  power  is  wanted  in  little  oompass,  and  to  act  through  short  dietaaeas,-* 
as  in  engine  bearing-springs,  lifting-springs,  and  some  kinds  of  draw-springs— this  fioam 
proves  to  be  well  suitM* 
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Badges  eomponnd  ^liiig  Ib  designed  to  obviato  the  frequent  Imakftge  of  the  steel 
springs  on  locomotiTe  engines.  Fig.  418  sho'WB  one  of  these  springs ;  a  blook  of 
India-rnbber  is  placed  on  each  end  of  the  steel  spring,  or  is  suspended  under  the  engine 
firame;  ^thej  are  in  use  onseyeral  of  the  English  railways,  and  are  said  to  answer  the 
purpose  intended  well. 

Sooths  patent  (see  j^.  414),  dated  Maj  1856,  consists  in  the  use  of  blocks  of  India- 
rubber,  or  cones,  pla^  over  the  centre  clt  the  spring ;  they  are  to  obWate  the  danger  of 

414 


overloading  carriages  and  trucks,  a  £requent  source  of  danger  to  the  filings,  and  are 
made  to  take  the  whole  load  in  case  of  a  spring  breaking. 

Brid^etf  Patent  (Jig,  416). — ^This  inventor  in^niously  proposes  to  use  Spencer's 
cones  m  blocks  of  wood,  instead  of  iron  confining  rings.  A  series  of  them  are  en- 
closed in  a  case  formed  in  the  side  timbers  of  the  undername  of  the  railway  truck  or 
carriage ;  the  cup  space  is  formed  in  the  block  of  wood,  as  our  figure  shows,  and  no 


415 


guide  rods  are  required ;  the  principle  is  applied  to  draw*  and  bearing-springs.  The 
advantages  proposed  by  this  arrangement  are,  the  dispensing  with  guide  rods  and  the 
taking  the  mtimate  blow  on  blocks  of  wood,  which  deadens  its  effect ;  they  are  said  to 
answer  veiy  welL 

In  1847«  Mr.  De  Bergue  patented  some  improvements  in  the  application  of  Fullec^s 
spring  to  buffer-,  bearing-,  and  drawing-springs  for  railway  uses. 

The  applications  for  common  road  carriages,  patented  bv  Mr,  .FViOer  of  Bucklersbuiy 
in  1852  and  1855,  have  been  extensively  used,  both  in  the  form  of  cylindrical  rings 
acting  by  compression  and  also  of  suspension  springs  for  lighter  kinds  of  vehicles. 

Respecting  these  springs.  Jigs,  416,  417,  we  have  been  funiished  by  the  patentee  with 
the  following  particulars : — 

The  form  generally  used  for  heavy  purposes,  such  as  drays,  vans,  waggons,  &e., 
consists  of  a  series  of  rings  of  cylindricsl  or  circular  form,  working  in  a  perpendicular 
rod  or  spindle,  on  eadi  side  the  axle,  with  the  usual  separating  plates  or  washers ;  the 
depth  and  diaiaeter  of  the  nags  beisg  vegulated  l^  the  weig&  to  be  sustained  sEod 
the  i^>eed  lisquired. 

Diuing  the  Crimean  war,  these  springs  were  introduced  by.  Vr^  ToUv  to  the  i 
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of  the  Ck>yeni]nent  authorities  at  the  Boyal  Arsenal,  Wool-wich,  and  were  in  consequence 
adopted  for  all  lands  of  IniHtaiy  carriages,  store  -wasgons,  ammunition  waggons,  &e. 
They  were  also  applied  in  the  suspensory  form  for  ue  medical  cars  and  ambulance 
waggons  for  the  wounded,  for  whicn  purposes  the  use  of  India-rubber  on  the  prin- 
ciple of  extension  is  found  to  produce  the  easiest  and  most  satisfactory  spring  hitherto 
discovered. 

416  417 


When  the  material  is  used  as  a  suspension  spring,  the  most  adyantageous  form  for 
the  purpose  is  found  to  be  that  of  round  cord  of  the  best  and  purest  quality,  prepared 
by  solvents,  and  about  ^th  or  fths  inch  diameter. 

A  continuous  length  of  such  cord  is  wound  at  a  considerable  tension  over  the  ends 
of  two  metal  sockets  or  rollers,  in  shape  something  resembling  a  cotton  reel,  and 
whilst  in  a  state  of  tension,  bound  at  each  end  with  strong  tape  or  other  suitable 
binding ;  the  number  of  cords  composing  the  spring,  varying  from  10  to  20,  30,  or  40, 
accordmg  to  the  strength  required. 

Another  important  adaptation  of  India-rubber  by  Ifr.  Fuller,  is  that  of  anchor 
springs,  towing  ropes,  and  springs  for  the  recoil  of  guns  and  mortars. 

418  Wheel  tyres, — Fia.  418  shows  an  important  application  to  the 

tyres  of  wheels  K)r  railway  purposes.  A  thin  band  of  India- 
rubber  is  inserted  between  the  tyre  and  spoke  ring,  by  first  covering 
it  with  a  thin  plate  of  iron,  to  protect  tne  India-rubber  while  the 
hot  tyre  is  put  on,  when  the  wheel  is  instantly  thrown  into  water  and 
^  cooled.  This  has  been  severely  tested  for  some  time,  and  found  to 
.  answer  veiy  well ;  the  advantage  gained  is  the  saving  in  the  break- 
ing and  wear  of  the  tyres. 

For  Windawe, — Small   ropes  of   India-rubber  are  inserted  in 
grooves  at  each  side  of  the  window,  and  so  stop  out  draught  and 
prevent  noise.    . 
For  steam-hammer  bede,— A  jp\&to  ofIndia-rubber|ths  inch  thick,  is  placed  under  the 

to  diminish  the  transmission  of  shocks  to  the 


bed  of  the  hammer ;  the  effect  is 

building,  and  to  cheapen  the  foun^tion :  as  an  instance  of  useful  application,  we  may 
state,  iSat  at  Messrs.  Bansome  and  Hay's  works,  at  Ipswich,  the  working  of  the  steam- 
hammer  shook  the  building  and  windows  to  an  alanning  extent ;  but  the  insertion 
of  hlockB  of  vulcanised  rubber  under  the  anvil,  almost  entirely  obviated  these  effects. 
Joints  between  engines  and  tenders, — Messrs.  Lund,  Spencer,  and  Fenton^  have  also 
introduced  the  use  of  rings  of  this  material  to  form  a  joint  between  the  locomotive 
and  tender  (fig,  419).    &ey  are  extensively  used,  and  entirely  prevent  the  leakage 

419 


common  to  the  old  ball-and-socket  joints,  and  are  much  cheaper  in  first  cost  Rings 
of  India-rubber  were  proposed  by  Mr.  "V^ckstead,  for  closing  the  socket  joint  of  water 
pipes,  and  they  are  used  m  a  variety  of  forms  for  that  purpose. 

A  large  trade  has  been  established  in  the  supply  of  bands  of  India-rubber  for 
driving  machinezy ;  for  many  purposes  they  answer  better  than  leather,  water  having 
no  efibct  on  them  and  there  bemg  little  or  no  slip  and  fewer  joins ;  th^*  are  made  in 
widths,  and  belts  costing  160/.  each  have  been  used  in  some  cases.  They  are  made 
irith  two  or  more  layers  of  thread  doth  between,  and  outside  of  which  the  robber 
is  placed* 
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VL  SOLAEISATION  OP  CaOTJTCHOXJC. 

Singular  as  caoutchouc  is  in  its  properties  and  its  applications,  it  is  probable  lliat 

besides  the  mechanical  and  electncal  qualities  and  general  resistance  to  chemical 

'  action,  it  may  yet  be  found  to  have  other  modi^^tions  peculiar  and  valuable.     The 

■  practical  men  most  conversant  "with  this  substance,  and  deeply  involved  -with  patents 

'  and  successful  manufS^tnres,  record  their  conviction  of  the  influence  of  solar  light, 

and  the  marked  distinctions  supposed  to  exist  between  the  influence  of  solar  and 

terrestrial  heat  upon  this  substance. 

"Mi,  Hancock  says,  *In  my  early  progress,  I  found  that  some  of  the. rubber  I 
employed  was  very  quickly  decomposed  -when  exposed  to  the  sun :  as  the  heat  was 
never  more  than  90^,  and  rubber  exposed  to  a  much  higher  temperature  "was  not 
injured  by  it,  I  suspected  that  light  1^  some  effect  in  producing  this  mischief.  To 
ascertain  this,  I  cut  two  square  pieces  ^m  a  piece  of  white  rubber,  one  of  these  I 
coloured  black,  and  exposed  it  to  the  sun's  rays ;  in  a  short  time,  the  piece  -which  had 
been  left  white,  wasted  away,  and  the  sharp  angles  disappeared,  it  seemed  like  the 
shape  of  a  thin  piece  of  soap  after  use ;  the  bla&ened  piece  was  not  at  all  altered  or 
affected.  The  lesson  taught  me  by  this  experiment  was  of  great  value  ever  after.' 
"".peaking  of  the  annoyances  and  failures  in  Uie  early  Macintosh  goods  by  heat, 
ise,  &C.,  Mr.  Hancodt  says,  *The  iiyurious  effect  of  the  sun*8  rays  upon  thm  flhna 


of  rubber  we  discovered  and  provided  against  before  much  damage  accrued.' 

Mr.  Goodyear  says,  *  In  anticipation  of  the  future  as  relates  to  a  mode  of  treatment 
in  manufacture,  wmch,  though  bghtly  esteemed  and  littie  thought  of  now,  I  believe 
will  be  extensively  practised  her^fter,  I  feel  bound  to  make  a  strong  though  qualified 
claim  to  the  process  of  Solansation.  This  process  consists  in  exposing  caoutchouc 
when  combined  with  sulphur,  to  (he  sun's  rays.'  Again,  *  when  exposed  to  the  sun's 
rays  for  several  hours,  a  chuige  is  produced  which  nunr  be  called  natural  vulcanisation, 
in  all  thin  fabrics  or  thin  sheets  of  caoutchouc'  *  Solarisation  is  an  effectual  and 
cheap  process  of  curing  India-rubber.'  He  further  says, '  it  is  well  establiidied  that 
India-rubber  melted  at  about  200^  and  in  the  sun's  rays  at  100^  or  less.  Another 
effect  yet  more  remarkable  in  the  treatment  of  gum  elastic,  is  that  of  the  sun's  rays 
upon  It ;  when  combined  with  sulphur  and  en>osed  to  the  sun,  either  in  hot  weather 
or  cold,  it  becomes  solarised,  or  divested  of  its  adhesive  qualitv ;  whereas,  no  other 
kind  of  light  or  heat  has  any  similar  effect,  until  the  high  degree  of  heat  is  applied  to  it, 
about  270®,  which  is  used  in  vulcanising,* — Goodyear^  p.  114,  voL  i.  New  Haven,  U.S, 

Our  recent  Imports  of  Caoutchouc  have  been  as  follow : — 


FlAoes 

1871 

1873 

Erom  Germany    .... 
Holland     .... 
Erance       .... 
Portugal    .... 
WestOoastof  AfHca:— 

Portuguese  Possessions   . 

Kot  designated 
United  States  of  America  . 
Central  America 
Kew  Granada    . 
Ecuador     .... 
Brazil        .... 
Mauritius  .... 
Britishlndia     . 
Straits  Settlements     . 
Other  countries . 

Total      . 

Manufactures  of  Caoutchouc : 
From  G^e^many  .... 
Holland     .... 
France       .... 
United  States  of  America  . 
Other  countries  . 

Owts. 

3,388 
1,092 

1,352 

12,297 

5,988 

4,754 

18,383 

7.735 

71,658 

9,673 

9,424 

9,229 

6,112 

Value 

83,082 
10,446 

11,343 
69,769 
82,694 
27,418 

160,588 
63,677 

992,955 
83,443 
44,708 
76,420 
38,738 

CwtB. 
1,786 
4,397 
2,118 
2,268 

876 

13,259 

4,614 

6,310 

7,688 

3,412 

68,148 

10,438 

13,855 

15,296 

3,689 

Value 

£16,853 
31^336 
22,268 
22,520 

7,385 

101,539 

49,638 

40,293 

74,997 

30,499 

960,602 

112,155 

116,926 

140,798 

34,631 

161,085 

Lbs. 
259,047 

24,012 
233,489 

51,248 

14,019 

£1,684,281 

Value 

£23,416 

8,087 

15,824 

7,376 

1,920 

167,114 

Lbs. 
846,965 

44,503 
271,271 

54,116 

£1,762,259 

Value 
£40,278 
4,849 
81,169 

4,381 

Total      . 

581,815 

£51,631 

729,855 

£80,677 
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Our  EtparU  of  cftontehoiio  TnannfacfcareB  in  the  same  yeer  vere  yalned  at 
;  854,589^. 

In  1872  we  imported  167il48  ewts.,  rained  at  1,762,886/. 

CA0VTCn0V0ZVa«  A  thin  volatile  oily  liquid,  obtained  by  the  destructiye 
distillation  of  caoutchouc.  iMx.  G.  Gxeville  Williams  has  shown  that  this  liquid  is 
coxnposed  piindpaUj  of  two  hydrocarbons,  called  eaoutckin  0**H^'  (C**B>*),  and  itcprene 

Mr.  William  Samard,  in  the  course  of  some  experiments  upon  the  impregnation 
of  ropes  with  caoutchouc,  which  he  conducted  at  the  £eu;tory  of  Messrs.  &iderby  at 
Greenwich,  discoTored  that  when  this  substance  was  exposed  to  a  heat  of  about  600"^  F. 
.  it  resolyed  itself  into  a  yapour,  which,  by  proper  re&igerator^  methods,  was  condensable 
into  a  liquid  possessing  yei^  remarkable  properties,  to  which  the  name  eatnUcAoucine 
has  been  giyen.  For  this  myention  *  of  a  solyent  not  hitherto  used  in  the  arts,'  Mr. 
Barnard  obtained  a  patent,  in  August  1838.  His  process  for  preparing  it  is  described 
in  his  specification  as  follows : — *  I  take  a  mass  of  the  said  caout<£ouc  or  India- 
rubber,  as  imported,  and  haying  cut  it  into  small  lumps,  containing  about  two  cubic 
inches  each  (which  I  prefer),  I  throw  these  lumps  into  a  cast-iron  still  (which  I  find 
adapted  for  the  purpose,  and  a  diagram  of  which  is  annexed  to,  and  forms  part  of 
this  my  specification),  with  a  worm  attached  (fy,  420) :  a  is  the  still;  b,  the  coyer 
ground  to  a  metallic  fit,  to  admit  of  a  thermometer  to  take  the  temperature ;  o,  the 
fire-place ;  D,  the  ash-pit ;  b,  the  worm-tub  and  worm ;  f,  the  brickwork  of  the  still ; 
o,  a  roller  and  carriage,  in  connection  with  a  crane,  or  other  means,  to  raise  the  coyer 
to  take  out  the  residue,  and  to  charge  the  same ;  h,  the  chain. 

*  I  then  apply  heat  to  the  still  in  the  usual  manner,  which  heat  is  increased  until  the 
thermometer  ranges  at  about  600^  F.,  or  thereabouts.  And  as  the  thermometer  zangea 
upwards   to  600^  F.   a   dark 

coloured  oil  or  liquid  is  distilled 
oyer,  which  I  daim  as  m^  said 
inyention,  such  liquid  beinff  a 
solyent  of  caoutchouc,  and  other 
resinous  and  oleaginous  sub- 
stances. When  t£e  thermo- 
meter reaches  600*^  F.,  oi  there- 
abouts, nothing  is  left  in  the 
still  but  dirt  and  charcoal. 

*  I  have  found  the  operation 
of  distillation  to  be  facilitated 
by  the  addition  of  a  portion  of 

.  this  oil,  either  preyious  or  sub- 
sequent to  the  rectification,  as 
hereinafter  mentioned,  in  the 
proportion  of  one-third  of  oil  to 
two-thirds  of  caoutchouc. 

'  I  afterwards  subject  .  the 
dark  coloured  liquid  thus  dis- 
tilled, to  the  ordinary  pooess  of 
rectification,  and  thereby  obtain 
fluids  yarying  in  spedficgrayity, 
of  which  the  lightest  hitherto 

has  not  been  under  670,  taking  distilled  water  at  1,000,  which  fluids  I  also  daim  as 
my  said  inyention. 

'  At  each  rectification  the  colour  of  the  liquid  becomes  more  bright  and  transparent, 
until  at  the  specific  gravity  of  0*680,  or  thereabouts,  it  is  colourless  and  highly  yolatile. 

<  In  the  process  of  rectification  (for  the  purpose  of  obtaining  a  larger  prnxluct  of  the 
oil  colourless)  I  put  about  one-third  of  water  into  the  still.  In  eadi  and  every  state 
the  liquid  is  a  solvent  of  caoutchouc,  and  several  resinous  and  oleaginous  substances, 
and  also  of  other  substances  (such  as  copal),  in  combination  with  very  strong  alcohoL 

*  Haying  experienced  much  dif&culty  in  removing  the  dirt  which  adheres  to  the 
bottom  of  the  still,  I  throw  into  the  still  lead  and  tin  in  a  state  of  alloy  (commonly 
called  solder),  to  the  depth  of  about  hiJf  an  inch,  and,  as  this  becomes  fosed,  the  dirt 
which  lies  on  the  sur&ce  of  it  is  more  easily  removed. 

'  Objections  have  been  made  to  the  smeU  of  this  liquid : — ^I  have  found  such  smell 
removed  by  mixing  and  shaking  up  the  liquid  with  nitro-muriatio  add,  or  chlorine, 
ih  the  proportion  5  a  quarter  of  a  pint  of  the  add  (of  the  usual  oommerdal  strength) 
flid.* 


to  a  gallon  of  the  liquid 

The  discovery  of  the  chemical  solvent,  whidi  forms  the  subject  of  the  patent  above 
deecribedt.has  exdted  ooDndeiable  interest  in  the  philosophical  world,  not  only  tarn 
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itB  probable  itteMtidsii  ai  a  hew  article  of  conUnerce,  btit  tiU&freia  twb  yeiy  e&ctraor- 
dinaiy  chazacterifitics  which  it  is  found  to  possess,  yiz.,  that,  in  a  liquid  state,  it  has 
less  specific  grayity  than  any  other  liquid  then  known  to  the  diemists,  being  consider- 
ably hghter  than  snlphnric  ether,  and,  in  a  state  of  yapoor,  is  heatiet  than  the  most 
ponderous  of  the^  gases. 

Tliis  material  (when  mixed  with  aloohol)  is  a  solvent  of  all  the  resins,  and 
particularly  of  cop^  which  it  dissolves  without  artificial  heat,  at  the  ordinary  tem- 
peratore  of  Uie  atmosphere ;  a  property  possessed  by  no  other  solrent  known ;  and 
benoe  it  is  peooliarly  useftd  for  mwng  varnishes  in  general.  It  also  mixes  readilv 
with  oils,  and  will  oe  found  to  be  a  valuable  and  cheap  mensttuum  for  liquefying  oil- 
paints  ;  and  without  in  the  slightest  degree  a£Eecting  the  most  delicafee  eolonrs,  will, 
nom  its  r^tdy  evaporation,  cause  the  paint  to  dry  almost  instantly. 

Ooeoa-nut  oil,  at  the  common  temperature  of  the  atmosphere,  always  assumes  a  con- 
crete form ;  but  a  portion  of  this  caoutchoucine  mixed  with  it  wiU  cause  the  oil  to 
become  fluid,  and  to  retain  sufficient  fluidity  to  bom  in  a  common  lamp  with  extraor- 
dinaiy  brilliancy. 

Oaoutchouoine  is  extremely  volatile;  and  yet  its  vapour  is  so  exceedingly  heavy, 
that  it  may  be  poured,  without  the  liquor,  from  one  vessel  into  another,  like  water. 
One  of  the  real  praotittl  objections  to  caoutchoucine  seemed  to  be  its  easy  deoom- 

riition.  Messrs.  Enderby  and  Barnard  found  that,  if  exposed  to  air,  and  especially 
a  small  quantity  of  water  was  present,  that  it  was  speedily  decomposed,  changing 
coloor  to  deep  brown  or  black.  Specimens,  however,  remain  perfectly  dear  and 
without  change,  in  bottles,  after  twenty  years. 

Alter  caoutchouc  has  been  suljeeted  to  destructive  distillation,  and  the  eaoutehoneine 
or  volatile  oil  of  caoutchouc  has  distilled  olC  there  remains  in  the  retort  a  residual  mass 
which,  when  dissolved  in  oil,  forms  a  varnish  imperriotis  to  mdsture,  and  consequentiy 
much  used  by  slupwrights. 

OA9MMM*  The  Capparia  tmrnosoy  the  flower-buds  of  whidi  constitute  the  capers 
of  the  shops.  Their  quality  aepends  exclusively  upon  the  age  at  which  they  are 
gathered,  the  smallest  and  voungest  being  the  most  delicate  and  the  dearest ;  and  the 
largest,  the  coarsest  and  cheapest.  The  buds  are  plucked  before  they  open,  and 
thrown  into  strong  vinegar,  slightly  salted,  where  they  are  pickled.  The  crop  of  each 
day  is  added  to  the  same  vinegar  tub,  so  that  in  the  conrse  of  the  six  months  during 
wmch  the  caper-slurub  flowers,  the  vessel  g|ets  fllled,  and  is  sold  to  persons  who  sort 
the  capers  by  means  of  copper  sieves.  Tnis  metal  is  attacked  by  the  add,  wherefirom 
the  fruit  acquires  a  green  colour,  much  admired  by  iffnorant  wnnoi$teure.  About 
60,0001bs.  a  year  are  consumed  in  this  country. 

The  capsules  of  the  caper  sparge,  Euphoriia  Lathyrw,  are  sometimes  pickled  as  a 
substitute  for  capers ;  but  although  the  add  destroys  some  of  the  aerid  properties,  the 
free  use  of  them  is  dangerous. — Pereira, 

The  unripe  fruit  of  the  gardra  Kasturtium  iTrcpsdhm  fM^ua)  is  also  pidded  as  a 
substitute  for  capers. 

CAMOUbAIBSi  Originally  a  kind  of  syrup,  extracted  fh>m  maiden-hair.  The 
term  is  now  applied  to  a  finely  clarified  simple  ^yrop,  which  is  made  usually  with 
orange-fiower  water. 

C AW01K0X&    A  substance  discovered  by  Beiehenbaefa  in  wood-tar. 

CAVmT&AimrB.  G>*H>*N  (0«>*«).  A  volatile  base  obtained  by  Squire, 
and  also  by  Cahours,  by  acting  on  ammonia  with  iodide  of  eapsyle.  It  is  homologous 
with  methylamine,  &c — 0.  G.  W. 

CAlFflntyitt  The  dried  ripe  fruit  of  Oaptkfiim  faiiiffialmm^  imported  fttmt 
Zanzibar,  known  in  commerce  as  Chdnaa  Pwper  and  Fod  Pepper^    See  Prffbb. 

CAMrrAir.  {flOmtm,  Tft.;  8pm$t  w.)  A  madulie  whereon  the  cable  is 
wound  sucoessivd^  lU  weig^iing  the  anchor  of  a  vesseL  It  is  a  epedes  of  whed  and 
axle ;  the  axle  being  vertaical,  and  pierced  with  holes  near  its  t(^  hxt  the  insertion  of 
the  ends  of  horitontal  levers,  caUed  handspikes,  whidi  represent  the  wheel  These 
are  turned  by  the  force  of  men  moving  in  a  drde.  l%e  power  applied  to  the  lever  is 
to  the  resistance  to  be  overcome  (the  weight  of  the  andior,  fbr  example),  when  the 
forces  are  in  eguUibriOt  as  tke  radius  of  the  cylinder  round  which  thecskble  is  coiled  is 
to  the  drcumference  described  by  the  power.  It  is  manifast  that  the  radius  of  the 
axle  must  be  augmented  in  this  computation  1^  half  the  diameter  of  the  cable,  which 
is  supposed  to  lie  alwa]^  one  coil  thidc  upon  it  The  fbrce  of  a  man  thus  applied, 
has  been  commonly  estimated  as  equal  to  the  traction  of  27  pounds  hanging  over  a 
pulley.  Friction  bdng  so  variable  a  quantity  in  capstans,  tenders  the  exact  calcula- 
tion of  its  mechanical  eflfect  somewhat  uncertain.  A  stout  man,  stationed  near  the 
bottom  of  the  axle,  holds  finst  the  loose  part  of  the  cable,  which  has  already  made  two 
or  three  t»ms ;  and,  bdng  aided  by  its  friction  upon  the  wood,  he  both  preveotB  it 
from  slipping  baekwacds,  and  uncoils  eadi  torn  as  it  is  pirogreedfdy  nada. 
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Mr.  BindmaxBli,  of  Fcfwcastle,  obtftined  a  patent»  in  S^tanmy  1827»  for  a  oon- 
triTanoe  to  enable  a  capstan  or  windlaas  to  be  occasionally  irorked  -with  inereaMd 
mechanical  advantage.  With  this  view,  he  placed  toothed  wheel-woiic,  putty  in  the 
dnun-head  of  the  capstan,  and  partly  in  the  npper  part  of  the  barrel,  upon  whidh  the 
cable  is  coiled  and  uncoiled  in  suocessiYe  portions. 

The  dram-head,  and  also  the  barrel,  tnrn  loosely  npon  a  oentral  spindle,  independently 
of  each  other,  and  are  connected  together  either  hv  the  toothed  gear,  or  by  bolts.  On 
zaifling  or  trithdrainng  the  oonnectmg  pinion  from  the  toothed  wfaeeis,  and  then 
looking  the  dnun-head  and  barrel  together,  the  capstan  -works  with  a  power  equal 
only  to  that  exerted  by  the  men  at  the  capstan-ban,  as  on  ordinary  capstan ;  but  on 
lowering  the  pinion  into  gear  -with  the  wheel  woi^  and  -withdrawing  the  bolts  which 
locked  w  drom-head  to  the  barrel,  the  power  exerted  by  the  men  b^mes  increased  in 
proportion  to  the  diameter  and  nnmber  of  teeth  in  the  -wheel  and  pinions. 

Fiff,  422  is  the  external  appeexance  of  this  capstan.  Fiff,  421  a  horiaontal  Tiew  of 
the  toothed  gear  at  the  top  of  the^  bazreL  The  barrel,  -with  the  -whelps  a  a,  tnrn 
loosely  npon  a  vertical  sponole  fixed  into  the  deck  of  the  vessel. 
The  dnun-head  6  also  tons  loosely  npon  the  same  spindle. 
The  circular  firame  cc,  in  fy,  421,  in  widtk  the  axes  of  the 
toothed  -wheels  dddvte  mounted,  is  fixed  to  the  eentral  spindle. 
The  rim  eee,  with  internal  teeth,  is  made  fast  to  the  top  of  the 
barrel,  and  tlie  pinion/,  which  dides  upon  the  spindle,  is  con- 
nected to  the  drum-head. 

When  it  is  intended  to  -work  the  capstan  with  ordinaiv 
power,  the  pinion /is  raised  up  into  the  recess  of  thedrmn-head, 
by  means  of  a  screw  ff,  fig,  422,  idiioh  throws  it  out  of  fear  witii 
the  toothed  wheels,  and  it  is  then  looked  up  by  a  pm  #:  the 
bolts  hh  are  now  introduced,  for  the  purpose  of  fntening  the 
drum-head  and  baoel  t()gfltiier,  -i^en  it  oecomes  an  ordinary 
capstan. 

JBut  when  it  is  required  that  the  same  nnmber  of  men  shall 
exert  a  greater  power,  the  bolts  h  are  -withdrawn,  and  the 
pinion /lowered  into  gear -with  the  toothed  wheels.  The  rota- 
tion of  the  dram-head,  then  carrying  the  pinion  round,  causes  it 
to  drive  the  toothed  wheels  ddd;  and  these  working  into  the 
toothed  rim  ee^  attaehed  to  thebanel,  cause  the  barrel  to  revolve 
-with  an  increasing  po-ww. 

Thus,  under  particular  eircmnstanoes,  a  smaller  number  of 
men  at  the  capstan  or  -windlass  (which  is  to  be  oonstroeted  upon] 
the  same  principle)  -will  be  enabled  to  haul  in  the  caMe  and 
anchor,  or  warp  ofr  the  vessel,  which  is  an  important  objeet  to  be  effected. 

In  1819,  Captain  Philijps  obtained  a  patent  for  certain  improvements  in  capstans,  a 
part  of  which  invention  is  precisely  the  same  as  this  in  principle,  though  slightly  varied 
m  its  adaptation. 

James  Brown,  ship-rigger,  in  his  capstan,  patented  in  1888,  instead  of  applying  the 
moving  power  by  handsp^es,  having  fixed  two  rims 
of  teem  round  the  top  of  thecmtan,  acts  upon 
them  by  a  rotatoiy  -wonu,  or  pinions  turned  by  a 
-winch. 

J^.  428  is  an  elevation  of  this  capstan,  aad>^. 
424  IS  a  horizontal  top  view,  ais  an  upright  shalt, 
fixed  firmly  to  the  dedk,  serving  as  an  ude  round 
-i^ch  the  body  of  the  capstan  revolves.  A  fiwrne  e, 
fixed  to  the  top  of  a  stataonaiy  shaft  a,  above 
the  body  of  the  capstan,  carries  the  driving  appa- 
ratus. 

The  npper  part  of  the  body  of  the  capstan  has  a  - 
ring  of  oblique  teeth  d,  fonned  round  its  edge ;  and 

above  this,  on  the  top  of  the  capstan,  isa  ring  of  bevel  teeth  «.  A  horisontal  shaft 
/,  mounted  in  the  top  frame  c,  has  a  worm  or  endless  screw,  whieh  takes  into  the 
teeth  of  the  ring  d ;  and  a  short  axle  ^,  having  its  bearings  in  the  central  shaft  a, 
and  in  the  frame  c,  carries  a  bevel  pinion,  which  takes  into  the  bevel  teeth  of  the 
ling*. 

The  bearings  of  the  shaft  /,  in  the  top  frame,  are  in  kMog  slots,  with  angular 
returns,  something  like  the  fiMtening  of  a  bayonet,  which  is  for  l^e  purpose  of 
enabling  the  shaft  to  be  readily  lifted  in  and  out  of  f;eer  with  the  teeth  of  the  ring 
d;  the  outer  bearing  of  the  axle  g  of  the  bevel  ptnion  is  also  supported  in  the 
fiDMD0«^iBadniilarway«inoxdertoputitimaDdo«tef  gear  -mth  the  teeth  of  the 
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.  bevel  ring.0.  A  mode  of  shilting  these  if  essential ;  becanse  the  two  toothed  rings, 
and  their  driving  worm  and  pinion,  give  different  speeds,  and,  of  conrse,  cannot  be 
both  in  operation  at  the  same  time. 

The  worm  of  the  shaft  /  being  placed  in  gear  with  the  teeth  of  the  ring  y,  on 
applying  rotatory  power  thereto,  bv  means  of  winches 
424  attedied  to  the  ends  of  the  shafts  the  barrel  or  body  of 

the  capstan  will  be  made  to  revolve  with  a  slow  motion, 
but  with  great  power ;  and  thus  two  men  at  the  winches 
will  do  the  same  work  as  many  men  with  capstan  bars 
in  the  ordinary  way. 

If  a  quicker  movement  than  that  of  the  endless  screw  is 
desired,  then  the  driving  power  may  be  applied  by  a  winch 
to  the  axle  a  of  the  bevel  pinion,  that  pimon  being  put  into 
gear. with  we  bevel  ring  e,  and  the  endless  screw  with- 
drawn.   It  should,  however,  be  here  remarked,  that  the 
patentee  proposes  tQ  employ  two  short  axles  ff,  placed  opposite  to  each  other,  with 
bevel  pimons  acting  in  the  bevel-toothed  ring,  though  only  one  is  shown  in  the 
figure  to  avoid  coiSusion.    He  also  contemplates  a  modification  of  the  same  con- 
trivance, in  which  fpur  short  angles  g,  placed  at  right  angles,  with  pinions  taking 
into  a  bevel  ring,  may  be  emplo;^d,  and  made  effective  in  giving  rotatory  motion  to 
the  barrel  of  a  capstan  by  means  of  winches  applied  to  the  outer  ends  ot  the  axle, 
and  turned  by  the  labour  of  four  men. 

CAPUT  MtOSTUUM.  A  term  employed  by  the  alchemists  to  express  the  resi- 
duum of  distillation  or  sublimation,  the  volatile  portions  having  been  dnven  oSi 

OAStATUaJLm    A  red  dye  stuff:  see  Chica,  Bed. 

CA&AlKBXi.  Burnt- or  dried  sugar,  used  for  ooburing  spirits  and  gravies.  It  is  a 
black,  porous,  shining  substance,  soluble  in  water,  to  wnicn  it  impeffts  a  fine  dark 
brown  colour.  The  French  are  in  the  habit  of  dissolving  the  sugar,  after  it  has  been 
exposed  for  some  time  to  a  temperature  suf&dently  high  to  produce  the  proper  ooIouTi 
in  lime-water:  this  is  sold  under  the  name  of  *  colouring.' 

OJkMA9JL  OSb.    See  Cbab  Oil. 

OAMJLT9  The  term  carat  is  said  to  be  derived  from  the  name  of  a  bean,  the  pro- 
duce of  a  species  of  EryiMna,  a  native  of  the  district  of  Shangallas  in  Africa,  a  famous 
gold-dust  mart  The  tree  is  called  kuara,  a  word  signij^^ng  *  sun '  in  the  language  of 
&e  countrv,  because  it  bears  flowers  and  fruit  of  a  fiame-colour.  As  the  dry  seeds 
of  this  pod  are  always  of  nearly  uniform  weight,  the  savages  have  used  them  from 
time  immemorial  to  weigh  gold.  l%e  beans  were  transported  into  India  at  an 
ancient  period,  and  have  been  long  employed  there  for  weighing  diamonds.  The 
carat  of  the  civilized  world  is,  however,  an  imaginary  weight,  consisting  of  four  nominal 
grains,  a  little  lighter  than  four  grains  troy  {poids  de  fnaro).  It  requires  74  carat 
grains  and  ^th  to  equipoise  72  of  the  other.  tHie  diamond  carat,  though  containing 
4  diamond  grains,  is  equal  to  only  3^  grains  Troy. 

It  is  stated  that  the  karat,  a  weight  used  in  Mecca,  was  borrowed  from  the  Greeks, 
and  was  equal  to  the  24th  of  a  denarius  or  denier.  The  Encvdopedists  thus  explain 
the  carat: — *The  weight  that  expresses  the  fineness  of  gold,  ^e  whole  mass  of 
gold  is  divided  into  24  parts,  and  as  many  24th  parts  as  it  contains  of  .pure  gold  it  is 
called  gold  of  so  many  carats.  Thus  gold  of  twenty-two  parts  of  pure  metal  is  gold 
of  twenty-two  carats.  The  carat  of  Gnat  Britain  is  divided  into  four  grains ;  among 
the  Germans  into  12  parts ;  and  among  the  French  into  82.'  Among  assayers,  even 
in  this  country,  ^e  C^erman  division  of  the  carat  is  becoming  oonmion. 

CAMJL'WJLT  8BBB8.  The  fruits,  commonly  called  SMds,  of  the  Carum  Carm, 
an  umbelliferous  plant.  They  are  used  for  fiavouring  cordials.  The  oil  of  Caraway 
is  employed  to  oonrect,  by  its  aromatic  properties,  the  nauseating  and  grijnng  qualities 
of  some  medicines. 

CASBAmc  JLCXDm  The  combination  of  gaseous  ammonia  with  carbom&«cid 
gas  produces  a  white  substance  formerly  called  anhydrous  carbonate  of  ammonia,  but 
now  recognised  as  a  salt  of  carbamic  add.  This  carbamate  of  ammonia  readily 
combines  with  water,  and  passes  into  normal  carbonate  of  ammonia. 

CABBAMTPa,  A  white  crystalline  powder  obtained  by  the  action  of  gaseous 
ammonia  on  phosgene  gas,  or  oxydiloride  of  carbon. 

C  A  BW  ft  TiOTXO  ACZBa    See  FiGBio  Aco). 

OASBZBBB.  A  term  synonymous  with  carburets.  Thus,  cast-iron  being  a 
combination  of  iron  and  carbon  may  be  called  a  carbide  or  carburet  of  iron.  In  like 
manner  the  hydrocarbons  are  sometimes  termed  carbides  of  hydrogen. 

CJLRBO-STBBATas.    Organic  compounds  containing  car^n  and  the  elementfl 
of  water ;  such  as  starch  and  cellulose. 
.    OABSO-BYBSZDBf  commonly  J^/drooarb^n,    Ateirm  used  to  denote  thoae 
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bodies  irliich  oonfiist  of«c&tbon  and  hydrogen  only.  'iHiB  number  of  hydroearbons ' 
now  known  is  yeiy  great,  and  the  list  is  increasing  every  day.  They  were  formerly  little 
understood,  bat  so  mnch  has  now  been  done  that  the  anomalies  and  difficulties 
attending  their  history  are  rapidly  disappearing.  Although  the  number  of  indiTidual 
bodies  is  very  considerable,  they  are  deriyed  from  a  few  groat  families.  The  principal 
aie  the  fallowing : — 

HomolQgnes  of  Olefiant  gas. 

M  Methyle. 

„  Marsh  gas. 

„ '  Benzole. 

„  Kaphthaline. 

Isomers  of  Turpentine. 

The  other  families  which  ^eld  hydrocarbon  deriyatiyeB  are  less  important  than  the 
above,  and  will  not  be  noticed  here. 

It  is  curious  that  the  destructive  distillation  of  oxganic  matters  is,  of  all  operations, 
the  most  fruitful  source  of  these  bodies.  Goal  yields  a  great  number,  the  nature 
varying  with  the  temperature.  When  ordinary  coals  are  distilled  at  very  high  tem- . 
peratures,  as  in  the  production  of  gas,  hydrocarbons  belonging  to  the  fint  four 
families  uire  produced,  and  also  a  considerable  quantity  of  naphth^ne ;  but  when,  on 
the  other  hand,  they  are  distilled  at  as  low  a  heat  as  is  compatible  with  their  thorough 
decomposition,  they  yield  fluid  hydrocarbons,  principally  belonging  to  the  first  two 
classes,  accompanied,  however,  b^  a  considerable  quantity  of  parcSftne.  The  homo- 
logues  of  olefiant  gas  have  acquired  extreme  interest^  owinff  to  the  brilliant  results 
obtained  by  MM.  Berthelot,  and  De  Luca,  by  Gahours,  and  Hofrtiann  in  the  study 
of  their  derivatives.  The  homologues  of  methyle  have  attracted  considerable  atten- 
tion, in  consequence  of  the  successful  isolation,  by  MM.  Frankland  and  Kolbe,  of 
the  singular  group  of  hydrocarbons  known  as  the  organic  radicals,  and  which,  until 
then,  were  re^rded  as  h3rpothetical  bodies,  existing  only  in  combination. 

The  hydrocarbons  homologous  with  benzole  not  only  exist  in  considerable  quantity 
in  ordinary  coal  naphtha,  but  are  produced  in  a  great  variety  qf  interesting  reactions. 
Those  contained  in  the  following  Table  will  show  this : — 

Ihble  of  the  Physical  Properties  of  the  Beiufoh  Seriei. 


Name 

Foanute 

Bofflng 
point 

Qpeciflo 
gravid 

Ql>6Ciflo  gravity  of 
v^poor 

Benzole 
Toluole 
Xylole       . 
Cumole     . 
Oymole     • 

C»H«   (C«B«) 

C»«ff  •  (o«  a») 
C"H«  (o»  a«) 

176 
230 
260 
298 
847 

0-860 
0-870 

0-861 

Bxperiment 
277 
8-26 

8-96 
4-66 

Theory 
2-699 
8-183 
8-668 
4-160 
4-636 

Benzole  has  already  been  sufficiently  described,  and  will  not,  therefore,  be  farther 
alluded  ta  All  these  hydrocarbons  yield  a  great  number  of  derivatives  when 
treated  with  various  reagents.  By  first  treating  them  with  strong  nitric  acid,  so 
as  to  obtain  nitKHiompounds,  t^at  is  to  say,  ue  original  substance  in  which  an 
equivalent  of  hydrogen  is  repliiced  by  hyponitric  acid  NO*  (a*0*),  strongly  odorous 
oils  are  produced.  When  treated  with  ercdphide  of  ammonium  or  protacetate  of  iron, 
these  oils  become  reduced,  and  yield  a  very  interesting  series  gI  volatile  organic 
bases  or  alkaloids;  these  are  aniline,  toluidine,  xylidine,  cnmidine,  and  cymidine. 
Mr.  Barlow  has  shown  that  special  precautions  are  necessaiy  in  converting  cymole 
into  nitrocymole^  preparatory  to  the  formation  of  the  alkaloid  cymidine.  Qrmole  is 
acted  on  too  violently  by  nitric  acid  to  allow  of  the  nitro-compound  being  formed, 
unless  the  precaution  is  taken  of  cooling  the  acid  and  hydrocarbon,  by  means  of  a 
freezing  mixture,  before  allowing  them  to  react  on  each  other.  The  nitro-compound, 
when  well  formed,  may  be  reduced  in  the  ordinary  manner.  These  alkalis  have 
of  late  years  acquired  special  importance  in  consequence  of  the  valuable  dyes  that 
Mr.  Perkins  has  succeeded  in  producing  from  them.    See  AiauifB. 

Parafllne  is  a  solid  hydrocarbon  of  great  interest ;  it  is  found  both  in  wood  and 
coal  tar.  When  coal  is  distilled  for  the  purpose  of  producing  gas,  the  temperature  is 
so  high  as  to  be  unfavourable  for  its  production,  and  consequently  mere  traces  only 
are  found  in  ordinary  coal-tar.  But  if  any  kind  of  coal  be  distilled  at  the  lowest 
possible  temperature,  not  only  is  the  resulting  naphtha  of  much  lower  density  than 
that  produced  in  the  ordinary  manner,  but  considerable  quantities  of  paraffine  are 
founa  in  the  distillate.    The  last-mentioned  substance  is  every  day  becoming  more 
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important,  in  ooDBe^noe  of  the  yalnabld  illnminating  pioperliM  that  hurye  been 
found  to  belong  ta  it»  Golonriess,  inodozons,  hard  at  ^  modeiate  temperatores,  it 
forms  the  most  elegant  mateiial  for  candles  yet  discoyezed.    See  Fasaffikb. 

Modem  reeearchee  hare  shown  that  the  hydrocarbons  generally  are  frarmed  on  one 
^pe — YV^,  hydrogen.  Asanming  hydrogen  in  the  free  state  to  be  a  doable  molecnle, 
HH,  the  hydrocarbons  are  formed  by  the  substitalion  of  one  or  two  eqmTaleBte  of  a 
positiye  or  negative  radical  for  one  or  two  of  the  eqniyalents  of  hydrogen;  thus 


methyle,  the  formula  of  which  (for  four  yolumes)  is  rmv  or  G*H*,  is  hydrogen  in 

which  both  equivalents  are  replaced  b^  methj^le.    Olefiant  gas  is  hydrogen  in  which 
one  equivalent  is  replaced  by  the  negatLveradical  acet^le,  or  vinyle,  and  so  on. 

There  is  one  large  dass  of  hydrocarbons  the  rational  formtdsB  for  which  are  not 
known,  and  which  will  probably  remain  in  this  condition  for  some  time.  We  allude 
to  the  numerous  essential  oils  isomenc  with  col  of  turpentine.  Many  of  these  have 
almost  the  same  boiling  point  and  precisely  the  same  vapour-density  as  their  type; 
but  in  odour,  fluidity,  density  in  the  liquid  state,  and  various  other  minor  points, 
are  essentially  difoent  The  following  Table  exhibits  some  of  their  physieid  pro- 
perties:— 

Table  of  the  Phyewdl  Properties  of  some  Isomers  of  OU  qf  Tktrpentine, 


Bpedfio 

Nsme 

Xtettnle 

Boning 
paint 

[^wcific 
giavtty 

gnyity  of 

T8|>ouir  by 

ezperi- 

meat 

Oil  of  torpentane 

O-H**    (0>««>«) 

822 

0-804 

4-764 

„     at^amantha     . 

C~H"    (0»»H»«) 

825-4 

0-848 

... 

„     beigamot 

C*»H>^    (0»«w) 

361'4 

0-809 

... 

„     birch  tar 

C«*H»«?  (€>«>•?) 

318-0 

0-847 

6-28 

Oaoutebine         .... 

0»»H>«?  (0»^w?) 

888-0 

0-842 

4-46 

Oil  of  carui,  or  caruene 

0»H"    (0»^««) 

848-4 

... 

... 

„     lemon      .... 

Cf*H'*    (0»«B»*) 

848-4 

0-8614 

4-87 

„     copaiva    .... 
„     cu)eb8     .        .        .        . 

C»Hw    (C»»H") 

478-0 

0-878 

... 

G*H>«    (C'«H'«) 

4900 

0-929 

... 

„     elemi       .... 

C~H»«    (C»«H>«)    ' 

845-2 

0-849 

... 

„     jumper    «... 

Terebnc  oil  accompanying  oil  of 

gaultheria      .... 

0««H"    (OWH") 

820-0 

... 

••« 

0»11'«    (<l>««*^ 

8200 

... 

4*92 

Terobric  oil  in  dove  oil 

C~H»«    (C"^»«) 

488-8 

0-9016 

... 

„      „       pepper 

0««H"    (C««BW) 

882-0 

0-864 

4-73 

C"H>«    (C««H««) 

320-0 

0-837 

... 

„      „       oil  of  valerian 

C3«B»«    (C»H««) 

320-0 

'••• 

4-60 

An  inspection  of  the  above  Table  will  show  that  while,  beyond  doubt,  a  great 
numbor  cS  essential  oils  are  truly  isomeric  with  turpentine,  there  are  some  the  con- 
stitution of  which  is  by  no  means  well  established. 

The  above  account  of  some  of  the  more  prominent  hydrocarbons  is  necessarily 
brief  and  imperfect;  partly  because  the  limits  of  this  work  predude  the  possibility  <^ 
entering  minutely  into  the  details  of  their  history,  and  partlv  because  many  of  them 
are  described  at  greater  length  in  other  articles,  eq>ecially  under  Kiphtha.---G.G.W. 

CAMMSMOJh    a  synonym  of  methyl-alcohol  or  wood-spirit. 

CJLRBO&ZC  AOZBf  Phenic  Acid,  Phenoi,  PhenyUo  Alcohol,  or  Hydrate  of 
Phenyl,  G»H^<  (C*BH>).  — The  less  voktile  fKnrtion  of  the  fluids  produced  by 
distiUation  of  coal-tar  contain  considerable  quantities  of  this  substance.  It  may  be 
extracted  by  agitation  of  the  coal-oils  (boiling  between  300°  and  400°  F.)  with  an 
alkaline  solution.  The  latter,  separated  from  the  undissolved  portion,  contains  the 
carbolic  add  in  the  state  of  carbolate  of  the  alkali.  On  addition  of  a  mineral  add, 
the  phenol  is  liberated,  and  rises  to  the  surface  in  the  form  of  an  oiL  To  obtain  it 
dry,  recourse  must  be  had  to  digestion  with  chloride  of  caldum,  followed  by  a  new 
rectiflcation.  If  required  pure,  only  that  portion  must  be  received  which  boils  at 
370°.  If,  instead  of  extracting  the  carbolic  add  from  coal-products  boiling  between 
300°  and  400°,  a  portion  be  sdected  distilling  between  400°  and  428°,  and  the  same 
treatment  as  before  be  adopted,  the  acid  which  passes  over  between  847°  and  349° 
will  consist,  not  of  carbolic  add,  but  of  its  homologue,  cresylic  add  C"H"0'  (C'BHl). 
Commercial  carbolic  add  is  generally  very  impure.    Some  spedmens  do  not  contain 
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more  tlum  60  per  cent  of  adds  soluble  in  stzong  solution  of  pota^  The  insoluble 
portion  contains  naphthaline,  fluid  h7diocarb<uui,  and  small  portions  of  chinoline  and 
lepidine.  Carbolic  acid,  when  yery  pure  and  dry,  is  quite  solid  and  colourless.  The 
crystals  often  remain  scdid  up  to  95^,  but  a  trace  of  water  renders  them  fluid.  Its 
Sjpedfic  graTity  is  1*065.  Caurbolic  add,  when  mixed  with  lime  and  exposed  to  the  air, 
yields  rosolic  add.  The  lime  acquires  a  rich  red  colour,  during  the  formation  of  the 
add.  No  means  of  dyeing  reds  permanently  with  this  substance  haye  yet  been  made 
known.  TJnfiartnnately,  the  red  tint  appears  to  require  an  excess  of  base  to  enable  it 
to  enst,  consequently  the  carbonic  acid  of  the  air  destroys  the  colour  (Dr,  Angus 
Smith).  I  find  that  homdogues  of  carbolic  add  exist  which  boil  at  a  temperature 
beyond  the  range  of  the  mercurial  thermometer,  and  that  all  the  adds  aboye  carbolic 
acid  afford  rosolic  add,  or  homologues  of  it,  when  treated  with  lime.  Creosote  of 
commerce  appears  to  consist  of  a  mixture  of  carbolic  and  cresylic  adds.  If  only  that 
portion  be  reoeiyed  which  distils  at  the  temperature  ^yen  hj  Reichenbach  as  the 
boiUng  point  of  creosote,  it  will,  if  prepared  from  coal-oil,  consist  almost  entirely  of 
cresylM  add  (  Wiiliamson  and  Fairlie),  A  splinter  of  deal  wood,  if  dipped  first  in  carbolio 
add  and  then  in  moderately  strong  nitric  add,  acquires  a  blue  tint.  For  a  comparison 
of  the  properties  of  Creosote  and  Carbolic  Add,  see  Cbbosotb. — C.  G.  W. 

More  th^  fiye-and-twenty  years  aso,  Laurent  extracted  carbolic  add  firom  coal-tar 
by  fractional  distillation,  as  described  aboye ;  the  products  of  distillation  wetre  treated 
with  caustic  potash  and  the  alkaline  solution  then  neutralised  by  an  add  so  as  to 
liberate  the  carbolic  add.  This  process  was  modified  in  1847  by  Mansfield,  and  in 
1856  by  BalxBuf ;  tiiese  chemists  substituted  caustic  soda  for  the  potash,  and  worked 
upon  all  the  light  oils,  instead  of  confining  themselyes  to  a  portion  only,  as  Laurent 
had  preyiously  done.  Still  the  add  obtained  b^  Uiese  methods  was  yery  impure,  and 
it  remained  for  the  late  Dr.  F.  Craoe-Calyert  to  introduce  succesdye  improyements  into 
the  manufacture  until  he  finally  obtained  a  pure  product  In  1859  Calyert  proposed  to 
work  upon  the  impure  benzines  or  naphtiias  of  commerce ;  these  he  treatea  with  weak 
alkaline  solutions,  and  thus  obtained  a  product  which  was  rich  in  carbolic  add — 
containing  as  much  as  60  per  cent. — and  capable  of  yielding  a  great  nart  of  this  add 
on  distillation.  By  further  modifications  of  his  process,  he  succeeded  in  obtainins  a 
pure  hydrate  of  carbolic  add  (mono-hydrate  of  phenol)  of  the  composition  C^'H'O' 
HO  [2  (C*B*0)  B'Ol.  The  tarry  and  stdphurous  odours,  which  dung  to  the  earlier 
forms  of  carbolic  add^  and  were  so  prejudicial  to  its  use  fop  many  purposes,  haye  been 
entirely  remoyed  in  some  of  Calyerf  s  later  preparations.  In  addition  to  the  ordinary 
form  of  tiie  add,  Messrs.  Calyert  and  Co.  now  prepare  carboluHioid  poivdir  and 
carbolic'aeid  soap. 

On  an  industrial  scale,  carbolic  add,  or  phenol,  was  first  produced  by  the  late  Dr. 
Ernest  Sell,  a  German  chemical  manufacturer,  distinguished  for  his  sdentific  attain- 
ments and  predilections.  Dr.  Sell  introduced  the  use  of  phenol  as  a  substitute  for  the 
eyer-yarying  creosote.  The  daiins  to  chemical  indiyiduality  of  tiie  latter  substance, 
notwithstanding  numerous  inyestigations  to  which  it  has  been  submitted,  are  by  no 
means  finally  established;  many  chemists,  in  fact,  considering  creosote  as  a  mixture 
of  phenol  with  larger  or  smaller  quantities  of  its  homologues,  cresol  and  phlorol. 
The  manufacture  of  coal-tar-deriyed  creosote  was  extendyely  carried  on  by  Dr.  Sell 
in  his  £EU!tory  at  Offenbach-on-the-Main ;  and  Dr.  Hofmann  saw,  nearly  twenty  years 
ago,  at  that  factory,  hundredweights  of  phenol  as  white  and  beautifully  crystallised 
as  the  specimens  exhibited  in  London  in  1862. 

Of  late  years,  carbolic  add  has  obtained  extensiye  application  as  an  antiseptic  and 
disinfectant  Its  yolatility  giyes  it  the  adyantage  of  bdng  yery  rapidly  difiused 
through  an  infected  atmosphere.  During  the  cattle-plague  it  was  employed  with 
great  success  by  Mr.  Crookes.  Carbolic  add  is  also  used  in  surgery  for  dresdng 
o£Een8iye  wounds,  and  as  an  application  in  certain  forms  of  skin-disease.  But  the 
most  interesting  use  of  phenol  is  to  be  found  in  the  manufSacture  of  certain  dye-stufi& 
from  this  add  and  its  oeriyatiyes.  The  following  are  the  more  important  of  these 
carbolic-add  dyes : — 

Tbllow  Dtbs:  Picric  acid,  Carbazotic  acidt  or  Triniiivpiei^lio  add*  Though 
originally  disooyered  by  Welter,  the  composition  of  this  body  was  not  properly 
understood  until  Laurent  examined  it  in  1841.  It  is  obtained  by  the  action  of  nitric 
add  on  carbolic  add,  or  on  phenyl-sulphate  of  soda.  As  far  back  as  1847,  it  was 
used  for  dyeing  by  Messrs.  Guinon,  of  Lyons.  It  is  employed  for  imparting  a  yellow 
colour  to  silk  and  wool ;  and  also  as  a  green  dye  when  associated  with  indigo  and  blue 
colouring  matters.  Ficrate  of  soda  has  been  siibstituted  for  the  pure  add,  but  this 
salt  is  dangerously  eiplosiye.    See  Ficric  Acid. 

Aurin  or  YeUoto  Coralline.  In  1861  Kolbe  and  Schmidt  first  obtained  this  compound 
by  heating  carbolic  add  "With  oxalic  add  and  concentrated  sulphuric  add.  Commercial 
aurin  is  a  brittie  rednous  substance,  haying  the  colour  and  lustre  of  cantluuddes,  and 


Digitized  by  VjOOQIC 


720  CABBON 

yielding  a  red  powder.  The  oolouring  prindpie  has  been  isolated  in  a  pnro  form,  and 
carefollj  studied  by  Messrs.  Dale  and  Scborlemmer.*  Aurin  is  nsed  for  giyinga  very 
fine  orange-yellow  oolonr  to  silks  and  albominized  cotton. 

Bed  Dtbs  :  Paonint  or  Bed  Coralline,  By  heating  anrin  with  aqoeoos  ammonia 
to  about  140*^  or  160<*  G  (284<>  or  802®  F.),  a  new  colouring  agent  is  obtained,  whidi 
dyes  wool  and  silk  with  a  redder  oolour  than  can  be  obt^ned  from  aurin.  This 
beautiful  scarlet  dye,  known  as  pseonin,  was  discovered  in  1860  by  M.  Fersoz,  jun., 
and  its  manufacture  has  been  perfacted  by  Messrs.  Grunon,  Mamas,  and  Bonnet,  of 
Lyons. 

It  is  belieyed  that  coralline  is  very  doeely  related  to,  if  not  identical  with,  the 
roedio  acid  originally  obtained  from  coal-tar  by  Bnnge,  and  readily  prepared  by  the 
oxidation  of  ph«nol. 

Bbown  Dtxs  :  Piorame  aeid,  Thia  was  obtained  by  Wohler  by  ading  on  picric 
add  with  proto-sulphate  of  iron,  neutralising  the  product  with  caustic  baiyta,  and 
finally  removing  the  baryta  by  sulphuric  add.  jPicramic  add  is  a  deep  brown 
substance,  used  for  dyeing  sUk. 

Phenieienns  or  Phenyl  brown.  Both  discovered  this  substance  in  1863,  by  acting  on 
carbolic  add  with  nitro-sulphuric  add.  The  product  is  an  amorphous  brown  powder, 
slud  to  be  a  miztore  of  two  distinct  substances — the  one  yellow,  and  the  other 
blackish-brown.  A  variety  of  shades,  from  a  deep  red  to  a  golden  buSEC  may  be  given 
to  wool  and  silk  by  means  of  picramic  add. 

Soluble  Oamet  {Orenat  soluble).  This  is  the  isopurpurate  of  potash,  obtained  by 
actiuff  with  cpinide  of  potasdum  on  a  solution  of  pcric  add.  It  has  been  intioduced 
as  a  dye-stuff  by  M.  J,  Gasthelaz.  As  it  is  explosive  when  dry,  it  should  be  kept  as  a 
paste  /ind  moistened  with  glycerine. 

Blub  Dn :  Jmtline,  Aeurme^  Phenol-blue  or  phenyl-ilue.  By  heating  coralline, 
or  roeolic  add,  with  aniline,  and  treating  the  product  with  sulphuric  add,  a  blue 
colouring-matter  is  obtained  in  the  form  of  a  reddish  substance  exhibiting  golden 
tints.    This  is  the  dye  known  as  Azuline. 

G-Bimr  Dtb  :  Vmiine,  Agceen  dye  has  been  obtained  by  Messrs.  Gronon,  Mamas, ' 
and  Bonnet,  by  acting  on  rosoBc  acid  with  aniline  and  benzdc  add. 

OJLRBOW.  (Symbol,  0;  AtonUo  weight,  6).  Carbon  exists  in  a  condderable 
variety  of  forms,  most  of  which  are  so  unbke  each  other,  that  it  is  not  surprising  the 
older  chemists  should  hare  believed  them  to  be  compounds. 

Diamond. — ^The  purest  variety  of  carbon  is  the  diamond.  This  gem  cnrstallisee  in 
the  regular  octahedron  and  derived  forms.  The  diamond  does  not  owe  its  hardness 
and  bnlliancy  solely  to  its  purity,  for  many  specimens  of  graphite  consist  of  carbon  as  ' 
free  from  admixture  as  the  oest  diamonds.  The  density  of  graphite  and  of  diamond, 
however,  is  very  different ;  for  while  the  former  seldom  exceeds  2*45,  and  is  often 
much  lower,  the  diamond  is  very  constant,  generally  ran^ng  between  3*51  and  3'55. 
Diamonds,  if  they  are  perfecUy  transparent,  leave  no  residue  when  burnt  in  oxy^n 
gas.  If  not  dear,  they  yidd  from  005  to  0*20  of  ash,  consisting  chiefiy  of  peroxide 
of  iron,  but  also  containing  traces  of  silica.  The  refractive  power  of  diamonds  is 
as  high  as  2'439.  Sir  Isaac  Newton,  observing  that  oily  or  inflammable  bodies  gene- 
rally possessed  the  greatest  refractive  powers,  inferred  from  the  high  index  of  refrac- 
tion of  the  diamond,  that  it  was  *  an  unctuous  body  congealed.'  This  idea  will 
appear  the  more  happy,  when  it  is  considered  that  the  ashes  of  the  diamond  exhibit  a 
structure  resembling  that  of  vegetable  parenchyma. 

In  freedom  from  ashes,  certain  graphites  nearly  approach  the  diamond,  some 
natural  varieties  not  yielding  more  than  0*33  per  cent,    aoe  Diamoio). 

Otaphite, — ^This  kmd  of  carbon  is  foond  in  many  parts  of  the  world,  and  in  dif- 
ferent deerees  of  purity:  it  is  also  formed  artificially.  Some  native  varieties  are 
exceedingly  soft,  of  a  black  or  greyish  tint,  metallic  lustre,  and,  in  consequence  of 
making  a  streak  on  paper,  of  various  degrees  of  blackness,  according  to  the  modo  of 
preparation  and  other  circumstances,  are  invaluable  for  the  manufacture  of  artists* 
pencils,  and  are  hence  called  '  Black  Lead.' 

A  very  hard  graphite  is  found  lining  the  retorts  in  whidi  coal-gas  is  made :  it  is,  ^ 
when  cut  into  jSates  or  rods,  used  in  galvanic  arrangements,  either  for  the  poles  or  ' 
for  the  inactive  dements  of  batteries.    See  Grafhttb  and  Plumbago. 

A  very  dense  form  of  carbon,  having  high  electric  conductivity,  and  sometimes  used 
for  the  negative  element  in  Bunsen's  battery,  may  be  obtained  by  heating  to  redness 
an  intimate  mixture  of  finely-divided  coke  and  coal  in  the  ]^portions  of  two  parts  of 
the  former  to  one  of  the  latter ;  this  mixture  having  been  ignited  in  an  iron  mould, 
is  dipped  several  times  in  treade,  and  again  strongly  neated.  A  hard  compact  substance ' 
is  thus  obtained,  capable  of  being  sawn  to  any  required  shape. 

*  *  Jonmal  of  the  Chemical  Sodety,'  [3]  zi.  1878,  p.  484. 
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Coke, — This  variety  of  carb(m  is  produced  by  the  ignition  of  pit-coal.  The  largest 
quantities  are  produced  in  the  manufincture  of  «oal-ga8.  It  of  course  varies  greatly 
in  quality  with  the  coal  from  which  it  is  procured.  The  density  of  coke  vanes  not 
only  with  the  quality  of  the  coal,  but  also  with  the  greater  or  less  rapidity  of  the 
firing  and  the  duration  of  the  operation.    See  Coke. 

Anthracite  is  a  very  dense  natural  variety  of  carbon,  its  specific  gravity  varying  from 
1'390  to  1*7.  It  differs  considerably  in  quality,  some  kinds  being  almost  as  free  from 
extraneous  matters  as  graphite,  while  others  approach  nearer  to  the  nature  of  coals. 
Thurthe  hydrogen  in  anthracite  oscillates  between  1  *0  and  4*0  p^  cent.  Some  varieties 
of  coal  have  only  4'5  to  5'0  per  cent  of  hydrogen,  thus  approximating  to  those  anthracites 
which  have  high  hydrogens.    See  Akturacitk  and  Coal 

Charcoal, — ^Theie  are  several  varieties  of  charcoal :  among  them  may  be  mentioned 
those  from  wood,  bones,  and  the  peculiar  substance  fDund  between  the  layers  of 
certain  -pit  coals,  and  known  as  '  mineral  charcoal.'  Ordinary  charcoal  from  wood 
contains  many  substances  besides  carbon,  among  which  may  be  mentioned  oxygen, 
hydrogen,  traces  of  nitrogen,  and  ashes. 

Bone-eharooal  contains  a  large  quantity  of  earthy  phosphates  and  carbonates, 
besides  other  matters.    See  Chabcx>ai.. 

Fov  a  description  of  the  method  of  preparing  the  variety  of  carbon  known  as 
Lamp-Black,  see  Laxp-Black. 

The  description  of  the  charcoal  best  adapted  for  pyrotechnic  purposes  will  be  found 
under  the  head  Githpowdbb. 

Carbon  combines  with  several  elements,  forming  in  general  well-marked  and  highly 
important  substances.  Several  of  these  compounds  will  bo  found  described  under 
the  heads  Cabbokic  Acid,  Cabbon  Bisulfhidb,  Hydbooabbon,  &o. 

CJLRBOW,  BZSUXdPBZBB  OV,  or  OAMMOW  BZBinUPBIBB  (formerly 
Carburet  of  Suhhur  or  8tdj>huret  qf  Carbon^  also  called  by  the  elder  chemists  tho 
Akohol  of  SuJphwrX,  A  limpid,  volatile,  colourless,  highly  refractivo  liquid,  possessing 
a  penetratingfoBtia  smell  and  an  acrid  btuming  taste.  Its  specific  gravity  is  1*27 ;  its 
formula  is  CS*. 

Bisulphide  of  carbon  may  be  jptrepared  by  distilling,  in  a  ^rcelain  retort,  pyrites, 
the  bisiQphide  (bisulphuret)  of  iron,  with  a  fourth  o|  its  weight  of  well-dried  char- 
coal, both  in  a  state  of  fine  powder  and  intimately  mixed.  The  vapour  from  the 
retort  is  conducted  to  the  bottom  of  a  bottle  filled  with  cold  water  to  condense  it. 

The  method  now  usually  employed  for  preparing  bisulphide  of  carbon  consists  in 
passing  the  vapour  of  sulphur  over  charoou  or  coke  heated  to  redness.  In  Feroucel's 
apparatus,  a  large  cylindrical  fire-dav  retort,  set  vertically,  is  filled  with  pieces  of 
coke,  and  strongly  heated.  Sulphur  is  then  introduced  through  a  special  tubulure, 
and  the  vv&pour,  formed  by  volatilisation  of  the  sulphur,  combines  with  the  heated 
carbon.  The  vapours  of  bisulphide  of  carbon  thus  formed  are  conducted  first  into  a 
receiver,  where  a  portion  condenses,  and  then  through  a  worm  in  a  condensing  appa- 
ratui>  where  the  remainder  is  liquefied* 

The  crude  bisulphide  of  carbon  thus  obtained  may  be  purified  by  re-distillation 
over  either  zinc  or  bichloride  of  mercury  (corrosive  sublimate). 

The  bisulphide  ol  carbon  ia  insoluble  in  water*  but  it  is  soluble  in  alcohol.  It 
dissolves  sulphur,  phosphorus,  and  iodine.  The  solution  of  phosphorus  in  this  liquid 
has  been  employed  for  electrotyping  very  delicate  objects,  such  as  grasses,  fiowers, 
feathers,  &c  Aiiy  of  these  are  dipped  into  the  solution :  by  a  short  exposure  in  the 
air  the  bisulphide  of  carbon  evaporates  and  leaves  a  film  of  phosphorus  on  tho  surfaces  ; 
they  are  then  dipped  into  nitrate  of  silver,  by  which  silver  is  precipitated  in  an 
exceedingly  minute  film,  upon  whicli,  by  the  electrotype  process,  anv  thickness  of 
silver,  gold,  or  copper  can  be  deposited.  If  a  few  drops  of  the  bisalphide  of  carbon 
are  put  in  a  solution  of  the  cyanide  of  silvor,  from  whi<3i  the  metal  is  being  deposited 
by  uie  electroplating  process,  it  covers  the  article  quite  brightly,  whereas,  without  the 
bisulphide,  the  precipitated  metal  would  be  dull.    See  Elbokbottfb. 

Bisulphide  of  carbon  is  an  exceUent  solvent  of  caoutchouc,  and  is  therefore  largely 
used  in  the  vulcanisation  of  India-rubber.  It  also  dissolves  fats  and  oils,  and  is 
consequently  employed  in  extracting  fat  from  bones,  shoddy,  and  other  greasy  reAise, 
and  in  dissolving  oils  fsom  seeds ;  the  last  traces  of  olive  oil  may  thus  be  obtained 
from  the  compressed  pulp  of  the  oUve  after  having  yielded  the  greater  portion  of  the 
oil  by  expression.  Liquid  bisulphide  of  carbon  is  remarkable  for  its  high  dispersive 
power,  and  hollow  glass  prisms  filled  with  the  bisulphide  are  often  UMd  in  optical 
researches.  As  the  liquid  has  never  been  frosen,  it  haa  been  occasionally  emploved  in 
the  construction  of  thermometers  for  measuring  very  low  temperatures.  Bisulphide 
of  carbon  is  highly  inflammable,  and  the  vapour,  if  mixed  with  nitric  oxide,  bums 
with  an  intense  light  possessing  strong  actinic  properties ;  hence  this  light  has  been 
enmloyed  for  photographic  purposes*    The  vapour  of  bisulphide  of  carbon  is  highly 
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poisonous,  and  advantage  has  been  taken  of  this  character  to  use  it  as  a  yenmn- 
destroyer.  A  small  quantity  of  the  bisulphide,  enclosed  in  an  air-tight  chamber  with 
grain  infested  with  weevils  will  destroy  the  insects  and  their  larvae.  It  is  curious  that 
the  vapour  of  bistdphide  of  carbon  passed  over  wood  undergoing  destructive  distillation, 
alters  the  character  of  the  carbonaceous  residue,  and  produces  a  material  having  high 
conducting  powers  for  beat  and  electricity,  and  extremely  sonorous  when  struck. 

CARBOVABO.  A  massive  variety  of  diamond,  found  in  small  black  pebbles  in 
Brazil,  and  used  for  polishinff  hard  stones. 

CJLRBOWATBB.  By  this  term  is  understood,  in  popidar  language,  the  salts 
formed  by  the  union  of  carbonic  acid  with  bases.  In  conformity  with  the  language  of 
modern  (memistry,  a  carbonate  may  be  defined  as  carbonic  add  in  which  the  hydrogen, 
is  replaced  by  a  metaL  Thus,  earbonate  of  potash,  according  to  the  old  definition,  is 
a  compound  of  carbonic  acid  gas  (carbonio  anhydride)  with  rotash ;  whilst,  according 
to  the  new  definition  it  is  merely  carbonic  acta  (the  true  hyorate,  not  the  anhydride), 
in  which  potassium  takes  the  place  of  hydrogen.    See  Salts. 

The  carbonates  are  among  the  most  valuable  of  the  salts,  whether  we  regard 
their  physical,  geological,  chemical,  or  technical  interest  Were  limestone  and 
marble  the  only  carbonates  familiarly  known,  they  would  be  sufficient  to  stamp  this 
class  of  salts  as  among  the  most  important  The  carbonates  of  lime,  potash,  soda, 
ammonia,  and  lead,  are  articles  of  immense  importance  to  the  technology  and  are 
prepared  on  a  vast  scale-  for  various  purposes  in  the  arts.  The  carbonates  of  iron  and 
copper  are  among  the  most  valued  ores  of  those  metals.  Kumerous  processes  of  separa-. 
tion  in  analysis  are  founded  on  the  various  degrees  of  solubility  in  water  and  certain 
reagents  of  the  different  carbonates.  By  ti3dng  advantage  of  this  fiict^  baryta, 
strontia,  and  lime,  may  be  separated  £rom  magnesia  and  the  alkalis.  There  are  few 
analytic^  problems  which  have  attracted  more  attention  than  the  aceosate  deter- 
mination of  the  carbonic  add  in  the  carbonates.  This  has  partlv  arisen  from  the 
frequency  with  which  the  potashes,  soda-ashes,  limestone,  and  other  carbonates  of 
commerce,  are  sent  ta  chemists  for  analysis.  The  number  of  instruments  contrived 
for  the  purpose  is  something  extraordinary,  especially  when  the  simplicity  and  ease 
of  the  operation  is  considered.  Among  them  all,  there  is  none  more  convenient  or 
easy  to  use  than  that  of  FamelL  '  It  consists  of  a  glass  flask  {fig,  425)  of  about  two 
ounces  capadty,  fitted  with  a  sound  cork,  through  which  two  tubes  pass,  one  serving 
to  connect  a  cUoride-of-caldum  tube,  a,  while  the  other,  6,  will  be  described  prosentlv.. 

A  small  test-tube,  c,  is  so  placed  in  the  flask,  and  is 
42d  of  such  a  size,  that  it  cannot  &11  down,  but  its  con- 

tents may  be  made  to  flow  out  by  indining  the 
apparatus  to  one  side.    To  perform  the  experiment, 
a  weighed  quantity  of  the  carbonate  is  placed  in 
the  fl^k,  and  water  added  up  to  the  level  seen  in 
f  the  fi^fure ;  the  test-tube  is  then  filled  nearly  to  the 
top  with  concentrated  sulphuric  add,  and  is  csie- 
fully  lowered  into  Uie  fiask;  the  cork  with  the 
tubes  attached  is  then  afiSxed,  the  aperture  h  bdng 
dosed  with  a  small  cork.    The  whole  apparatus  is 
now  carefully  weighed ;  the  flask  is  then  to  be  in- 
clined so  as  to  allow  some  of  the  add  to  flow  out» 
and,  when  the  effervescence  has  subsided,  a  little 
more,  and  so  on  until  no  more  carbonic  add   is 
evolved.    The  flask  is  now  to  be  so  inclined  as  to 
cause  the  whole  of  the  add  to  mingle  with  the 
aqueous  fluid,  and  thus  cause  a  considerable  rise  of 
temperature;  this  expels  the  carbonic  add  from. 
the  liquid ;  but  as  an  atmosphere  of  the  latter  gas 
fills  the  fiask,  it  must  be  removed  and  replaced  by 
air,  as  the  diJBference  in  density  of  the  two  is  very 
considerable.    For  this  purpose,  the  cork  h  is  removed  and  air  is  sucked  out  of  i, 
until  it  no  longer  tastes  of  carbonic  add ;  the  fiask  is  then  allowed  to  become  per- 
fectly cold,  and,  the  little  cork  being  replaced,  it  is  then  re-weighed :  the  difference  in 
the  two  weighings  is  the  amount  of  carbonic  add  in  the  specimen.    On  drawing  air 
for  some  time  through  the  apparatus,  it  begins  slowly  to  acquire  weight  aridng  ftom 
the  moisture  in  tlie  atmosphere  being  absorbed  by  the  chloride  of  caldum,  and 
although  the  error  introduMd  by  this  means  is  too  minute  to  aflfect  ordinary  expe- 
riment it  must  not  be  neglected  where,  from  the  quantity  of  material  in  tJie  fladc 
bdng  limited,  or  other  causes,  a  small  difference  has  an  important  bearing  on  the 
result    In  this  latter  case  another  chloride-of-caldum  tube  is  to  be  attached  to  the 
aperture  b,  and  the  air  must  be  drawn  through  by  means  of  a  suction-tube  ap^ed 
at  <i'— C*  0»  W.'s  ChenUcal  Manipulation^ 
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The  commercial  yalne  of  the  carbonates  of  potash  and  soda  m&j  equally  well  be  deter- 
mined bj  aseertaining  the  quantity  of  dilute  sulphuric  acid  required  to  neutralise  them. 

The  following  carbonates  are  such  as  find  some  use  in  the  arts — or  being  found 
natiye,  are  bro^jht  under  the  notice  of  the  miner  : — 

OAMMOVJLTM  OV  AMMOVXA,  COVKMMtLCUkJL.  The  sesquicarbonate  of 
chemists,  sal  volatile,  or  volatile  or  smelling  salts  of  the  shops.  Bicarbonate  of 
ammonia  has  been  found  in  considerable  quantities,  forming  crystalline  masses,  in  a 
bed  of  guano  on  the  western  coast  of  P&ta^nia. 

OAMMOVJLTM  OV  BASTTA.  This  compound  occurs  in  nature  as  the  mineral 
WUherite,  which  is  found  in  lead  mines. 

.  KUkMBOWJLTM  OW  CA&CZUM,  or  of  XJOa.  Carbonate  of  lime  is  found  abun- 
dantly in  Uie  mineral  kingdom.  Calcareous  spar,  arragonite,  Iceland  spar,  limestone^ 
chalk,  and  marble,  are  carbonates  of  lime.  Its  uses  are  well  known.  Qay'Lussite  is 
a  double  carbonate  of  lime  and  soda. 

CABBOWATB  or  OOBAIiT.    See  Cobalt. 

OAXBOWAT9  OV  COn^XR.  MalachiU  and  aewrite  are  the  two  carbonates 
of  this  metal  found  in  nature.    See  Cofpbb. 

OABBOVATBB  OV  SBOW.  Spaihiq  ore,  is  the  most  important  native  form 
which  occurs.    SeelsoN. 

OJLRBOWATB  OV  XAAB.  J^hiie  lead  ore  or  eerueeUe  is  found  in  the  lead 
mines  of  Cornwall,  Devonshire,  Cumberland,  and  Scotland.  The  pigment  white  lead  is 
a  carbonate  of  lead.    SeeLsAB. 

OABBOVATB  OV  IKAOnsZA.  Magnetite  oficaxB  nadve,  associated  with  ser- 
pentine and  other  magnesian  rocks,  itfo^wena  o^  of  the  pharmaceutists  is  a  hydro- 
carbonate. 

CABBOWATB  OV  IKAVOAnSX.  This  salt  is  found  in  nature  in  rose- 
coloured  rhomboliedra  known  as  manganeee  spar^  or  diaUogite. 

CSAJKBOITATB  O V  VIOSS&.  A  niineral  called  emerald  nickel  occurs  at  Texas, 
in  Pennsylvania,  and  at  Unst,  Shetland,  This  is  the  only  native  carbonate  of  this 
metal. 

OABBOVATB  OV  POTASH.  Vegetable  alkali,  salts  of  tartar,  pearl-ashes, 
ashes,  are  several  names  given  to  this  salt.    See  Potash. 

OABBOVATS  OV  SX&VSB.    See  Silver  Obbs. 

OASBOVATB  OV  SO»A.    Commonly  called  Soda.    See  Soda. 

OAJtBOWATB  OV  8TBOHTZA.  Occurs  native  as  STBONTiAifiTB :  it  is  found 
at  Strontian  in  Argyleshire — whence  its  name ;  in  the  Hartz  and  other  localities. 

All  these  and  the  other  rarer  carbonates  will  be  described  under  their  respective  heads, 

OASBOVIC  ACZB.  {BymM,  C0>;  JJUmio  ioeight,  22),  The  name  commonly 
applied  to  a  compound  of  carbon  and  oxygen.  This  gas  was  formerly  termed  fixed  air, 
in  consequence  of  its  occurrence  in  a  &ed  form  in  challL  marble,  and  other  solid 
carbonates,  firom  which  the  gas  may  be  readily  released  by  the  action  of  stronger  adds, 
conveniently  by  hydrochloric  or  muriatic  add. 

In  modern  diemistry  carbonic  add  gas  is  usually  termed  oarbonio  anhgdride,  the 
name  carbonic  acid  being  restricted  to  the  combination  of  the  gas  with  water ;  indeed, 
the  dry  gas  does  not  exhibit  acid  reactions.  Carbonic  add  gas  is  also  known  in 
modem  nomenclature  as  carbon  dioMde, 

Carbonic  add  is  destitute  of  colour,  has  a  sour  smell,  and  an  addulous  pungent 
taste ;  it  imparts  to  moist,  but  not  d^,  Utmus-pa^  a  transient  reddish  tint,  and 
weighs,  per  100  cubic  inches,  47*19  grains,  and  percubic  foot,  815*44  grains,  or  little  more 
than  3}  oz.  avoirdupois.  It  may  be  condensed  into  the  liquid  state  by  a  pressure  of 
40  atmospheres;  and  this  liquid  may  then  be  soUdified  by  its  own  sudden  spon- 
taneous evaporation.  If  air  contains  4  per  cent,  in  bulk  of  this  gas,  it  is  rendered 
unfit  for  respiration  and  combustion,  animal  life  and  burning  bodies  being  speedily 
extinguishea  bj  it.    See  Dr.  Angus  Smith's  *  Air  and  Bain.' 

Carbonic  acid  is  constantly  given  off  by  animals  during  resmration ;  and,  ordi- 
nary combustion  consisting  niainly  in  the  combination  of  carbon  with  oxygen,  this  acid 
is  formed  in  enormous  quantities  in  all  our  manufactories  and  by  our  ordinary  fires. 

Carbonic  add  is,  consequently,  continually  being  poured  into  the  air.  The  purity  of 
the  atmosphere  is,  however,  maintained  by  the  action  of  the  vegetable  world,  all 
plants  removing  carbonic  add  from  the  air,  and,  under  the  influence  of  light,  decom- 
posing it  again  into  carbon,  whidi  goes  to  the  formation  of  wood  and  other  vegetable 
products,  and  oxygen,  whidi  is  given  out  to  the  atmosphere. 

Notwithstanding  this  beautiful  provision  of  Nature,  we  find  carbonic  add  accumu- 
lating in  caverns,  deep  wells,  and  long-dosed  cellars,  rendering  them  dangerous.  It 
is  t^e  *bad  air'  and  *damp  '  of  the  metal  miner;  the  *  choke  damp,'  *  after  damp,' 
and  *  stythe '  of  the  coal  miner.  The  last  two  terms  are  esjpedally  eropl^ed  to  express 
the  suffocating  vapour  which  follows  an  explosion  of  'fire-damp.'    This  gas,  bdng 
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much  denser  thAn  common  air,  can  be  pomped  out  of  ai^  plaoe  4ymtain1ng  it.  HHk 
of  lime— qnickUme  mixed  inth  -water— may  be  nsed  "with  advantage  to  poiihr  the 
air  of  a  sunk  apartment,  by  ite  affinity  for,  or  power  of  absorbing  this  aSrial  add. 

In  the  actual  condition  of  the  atmosphere,  frcm  4  to  6  Tolnmes  of  carbonic  acid 
exist  in  every  10,000  volumes  of  air. 

This  acid  gives  the  tnah  and  pleasant  taste  to  spring-water  and  to  all  fermented 
drinks.  CSb^pagne  and  bottled  beer  owe  their  sparkling  propertaes  to  carbonic  add 
gas  generated  by  fermentation  after  the  liquid  has  been  bottled^ 

Many  springs  are  very  highly  charged  with  this  acid,  and  form  a  sparkling  beverage, 
as  Selteer  water  (Selterswasser)  and  the  like.  Large  quantities  of  similar  water  are 
made  artificially  in  this  country,  and  sold  under  the  names  of  Soda  Water,  Aerated 
Water,  &&    See  Watts*8  *  Dictionary  of  Chemistry.' 

CAXSOXIC  ARnmiBB.    See  Cabbomio  Aoid. 

OABBOVIO  OZIBa.  (Symbol,  00 ;  Mojmie  wmqU,  14).  This  gas  is  known  in 
modem  chemistry  as  carbon  monoxide  or  oarbonow  onde.  Carbonic  add  is  readily 
deprived  of  half  its  oxygen  at  a  red  heat  by  diarooal  and  other  deodidiBng  snbiitanceB, 
and  so  reduced  to  carbpnid  oxide. 

This  gas  is  presumed  toeontain  two  vohuncs  of  carbonic  vapour  and  one  volume 
of  oxy^n  condensed  into  twoTolumes,  so  that  its  combining  measure  is  two  volumes. 
Carbomc  oxide  is  14  timec  heavier  than  hydrogen.  It  is  very  £ital  to  itnimals,  and 
when  inspired  in  a  pure  state  almost  immediately  produces  coma.  .  It  has  never  been 
liquefied.  It  is  easily  kindled,  and  bums  with  a  pale  blue  fiame  like  that  of  sulphur, 
combining  with  half  its  volume  of  oxyp^n,  and  forming  carbonic  add,  which  retains 
the  original  volume  of  the  carbonic  oxide.  This  combustion  is  often  witnessed  in  a 
coke  or  charcoal  fire.  The  carbonic  add  produced  in  the  lower  part  of  the  fin  is 
converted  into  carbonic  oxide  as  it  passes  up  through  the  hot  embers,  and  afterwards 
bums  with  a  pale-blue  flame  where  it  meets  the  air. — Graham, 

Carbomc  oxide  plays  an  important  part  as  a  reducing  agent  in  many  meta]luz|pcal 
operations.  ....... 

C JLRBOJi ZJPMBOmi  XiIBKBSTOn«  or  IKOmfTAZV  %iiMMBTOMMm  A 
sub-division  «of  the  Carboniferous  System,  which  yields  some  of  the  finest  British 
marbles,  such  as  those  of  Derbyshire  and  BristoL  The  same  limestone  in  Ireliuid  is 
also  rich  in  marbles.  Lead-ore  is  common  in  the  Carboniferous  Limestone  of  Derby- 
shire, Yorkshire  and  Cumberland,  and  red  haematite  in  that  of  Ulverston  and 
Whitehaven ;  whilst  in  the  North  of  England  and  in  Scotland  the  Carboniferous 
limestone  series  contains  interstratified  beds  of  coal ;  indeed,  a  large  part  of  the 
workable  coal  of  East  and  Mid-Lothian  is  referable  to  this  series. 

O  JLRBOJi  IF  Jmo V8  SSSTMM.  That  geological  formation  wfaidi,  in  order  of 
time,  succeeds  the  Old  Red  Samdstomx,  and  is  succeeded  by  the  PBBMiAir  Smm; 
although  in  the  absence  of  that  system,  they  may  be  overlaid  by  rocks  of  stiU  later 
geological  age.    The  carboniferous  system  comprehends  :— 

The  Lower  lAmeitone  Shale:  The  Carhoniferoue  or  MowtUam  Limegtone:  YoredaU 
Boeke  (  Upper  Limeetone  Shale)  :  and  the  Coal-Meamree,  Low&r,  Middle,  and  Upper, 

CAMMOM  VSmmrCh    See  PHOToaBAPHZ. 

OAMMUWCIMm  A  term  applied  to  the  garnet  when  cut  ^th  a  convex  face 
(en  caboehon).  This  gem  was  much  prized  by  the  andents,  and  in  hi|^  repute  during 
the  middle  ages,  from  its  supposed  mysterious  power  of  emitting  light  in  the  daric 
Benvenuto  Cellini  affirms,  in  his  treatise  on  jewellery,  that  he  had  seen  the  oarbmnoU 
glowing  like  a  coal  with  ite  own  light, 

"  The  garnet  was,  in  part,  the  carbuneulue  of  the  andents,  a  term  probably  also 
applied  to  the  spinel  and  oriental  niby.  The  AJabandic  carbuncles  c^  fliny  were  so 
callod  because  cut  and  polished  at  Alabanda.  Hence  the  name  Ahnandme  now  in 
use.  Pliny  describes  vessels  of  the  capadty  of  a  pint  formed  £rom  carbundes,  <  non 
clnros  acplerumque  sordidos  ac  semper  fulgoris  horridi,'  devoid  of  lustre  and  beau^ 
of  colour,— which  probably  were  large  common  garnets.'— 2>a«a. 

CAMMUMMTBm    Compounds  of  carbon,  now  called  Carbides, 

CASBinuOTTBB  BTBSOOBir.  A  compound  of  carbon  and  hydrogen. 
Marsh-gas  or  fire-damp  is  fluently  called  Light  Carbwetted  S^drogen.  &e  Gas- 
Coal,  and  consult  Watts's  *  Dictionary  of*Chemi8try.' 

CAWD,  CAmoaOAWD,  called  also  Pasteboard,  horn  the  droumstance  that 
several  sheets  of  paper  are  pasted  together  to  fbrm  the  board  or  card,  which  is  then 
subjected  to  a  very  great  pressure  between  rollers. 

A  patent  machine  for  cutting  cards  was  invented  by  Mr.  Dickinson.  It  consists  of 
a  pair  of  rollers  with  circular  revolving  cutters,  the  edges  <^  whidi  are  intended  to 
act  against  each  other  as  circular  shears ;  and  the  pasteboards,  in  pasmng  between 
these  rollers,  are  cut  by  the  circular  shears  into  cards  of  the  required  dimendoos. 
These  rollers  ore  mounted  in  suitable  standuds  with  proper  atyustments,  and  ass 
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made  to  reyolye  by  ft  band  and  pulley  connected  to  the  axle  of  a  crank,  or  by  any 
convenient  means.  Fiff.  426  is  a  front  view  of  this  machine :  a  a  and  6  6  are  the  two 
rollers,    the   npper   one 


429 


V 


tnming   upon,    an    ex-  ^"" 

tended  axle,  bearing  in 
the  standards,  the  lower 
one  npon  pivots.  These 
rollers  are  formed  by  a 
series  of  circular  blocks, 
between  a  series  of  cir- 
cular steel  cutters,  which 
are  slidden  on  to  iron 
shafts,  and  held  together 
upon  their  axle  by  nuts 
screwed  up  at  their  ends. 
The  accurate  adjustment 
of  the  cutters' is  of  the 
first  importance  to  their 
correct  performance ;  it  is 
therefore  found  necessary 
tomtroduce  spral  spring 
within  the  blodu,  m 
order  to  press  the  cutters 
up  to  their  proper  bear- 
ings. A  section  of  one 
of  the  blocks  is  shown  at 
Jiff.  427,  and  an  end  view  of  the  same  atfy,  428,  with  the  spiral  springs  inserted. 

At  the  outer  extremity  of  the  axle  of  tne  roller  a,  a  rigger  c,  is  attached,  whence  a 
band  passes  to  a  pull^  (?,  on  the  crank-^haft «,  to  which  a  fly-wheel/,  is  affixed,  for 
the  purpose  df  rendering  the  action  uniform.  Botatory  motion  being  given  to  the 
crank-idinfb,  tJie  upper  roller  is  turned,  the  lower  roller  moTing  at-  the  same  time  by 
the  friction  against  the  edges  of  the  cutters. 

Fiff.  429  is  an  end  view  of  the  rollers,  showing  the  manner  in  which  the  pasteboards 
are  guided  and  conducted  between  the  cutters.  In  &ont  of  the  machine  a  moveable 
frame  ff,  is  to  be  placed,  for  the  purpose  of  receiving  the  pasteboards,  preparatory  to 
cutting  them  into  cards,  and  a  stop  is  screwed  to  tlus  frame  for  the  edge  of  the  paste- 
board to  bear  against,  which  stop  is  ac|]ustable  to  suit  different  sizes.  From  the  back 
part  of  this  frame  the  arm  A,  extends,  the  extremity  of  which  acts  against  the  periphery 
of  a  ratchet  wheel  t,  ^fixed  at  the  end  of  the  roller  b,  and  hence,  as  the  roller  goes 
round,  ike  frame  is  made  to  rise  and  fall  upon  its  pivots,  for  the  purpose  of  guioing 
the  pasteboard  up  to  the  cutters ;  at  the  same  time  a  rod  k,  hanging  in  arms  from 
the  sides  of  the  standards  (shown  by  dots  in  fig.  426),  falling  upon  the  pasteboard, 
confines  it,  while  the  cutters  take  hold,  and  racks,  corresponding  with  the  indentations 
of  the  rollers,  are  placed  as  at  N,  by  means  of  which  the  cards,  when  cut^  are  pushed 
out  of  the  grooves. 

As  various  widths  of  card  will  require  to  be  cut  by  this  machine,  the  patentee  pro- 
posed to  have  several  pairs  of  rollers  ready  adjusted  to  act  together,  when  mounted  in 
the  standards,  in  preference  to  shifting  the  circular  cutters,  and  introducing  blocks  of 
greater  or  less  width. 

The  second  part  of  the  invention  is  a  machine  for  pasting  the  papers,  and  pressing 
the  sheets  together  to  make  pasteboard.  This  machine  consists  or  several  reels  on 
which  the  paper  is  to  be  wound,  along  with  a  paste  trough,  and  rotatory  brushes. 

Damped  pftpor  is  to  be  wound  upon  two  reels,  and  conducted  from  thence  over  two 
other  reels.  Two  fiuted  rollers  revolving  in  the  paste-trough  supply  paste  to  two 
circular  brushes ;  by  these  brushes  the  papers  are  to  be  pasted  on  one  side,  and  then 
pressed  together  by  rollers  to  make  the  pasteboard ;  after  this,  the  pasteboard  is 
drawn  on  to  a  table,  and  it  remains  there  until  sufficiently  dry  to  be  wound  upon 
other  rollers,  bv  which  it  is  subjected  to  the  necessary  pressure.  Cards  are  glazed  or 
enamelled  by  the  use  of  porcelain-clay,  white  lead,  and  subnitrate  of  bismut£ 

CAMDB  {Gardes,  Fr. ;  Kardm,  Gfer.)  are  instruments  which  serve  to  disentangle 
the  fibres  of  wool,  cotton,  or  other  analogous  bodies,  to  arrange  them  in  an  orderly  lap 
of  fieece,  and  thereby  prepare  them  for  being  spun  into  uniform  threads.  The  fine- 
ness and  the  levelness  of  the  yam,  as  well  as  the  beauty  of  the  cloth  into  which  it 
enters,  depend  as  much  on  the  regidarity  and  perfection  of  the  carding,  as  upon  any 
subsequent  operations  of  the  factory.  The  quality  of  the  carding  depends  more  upon 
that  of  the  cards  than  upon  any  attention  or  skill  in  the  operative,  since  it  is  now 
nearly  an  automatic  process,  conducted  by  young  women  called  card-tenters. 
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Cards  are  formed  of  a  slieet  or  fillet  of  leather  pierced  Tnth  a  mtiltitado  of  small 
holes,  in  which  are  implanted  small  staples  of  wire  with  bent  projecting  ends  called 
teeth.  Thus  eveiy  piece  of  wire  is  double  toothed.  The  leather  is  afterwards  applied 
to  a  flat  or  cylindjrical  surface  of  wood  or  metal,  and  the  co-operation  of  two  or  more 
BBch  surfaces  constitute  a  card.  The  teeth  of  cards  are  maae  thicker  or  slenderer, 
according  as  the  filaments  to  be  carded  are  coarser  or  finer,  stiffer  or  more  pliant, 
more  valuable  or  cheaper.  It  is  obviously  of  great  impoitance  that  the  teeth  should 
be  all  alike,  equably  distributed,  and  equally  inclined  o'^r  the  surface  of  the  leather, 
a  degree  of  precision  which  is  scarcely  possible  with  handwork.  To  judge  of  the 
difSculty  of  this  manipulation,  we  need  only  inspect  the  annexed  figures,  430, 46 1 .  The 
wire  must  first  be  bent  at  right  angles  in  c  and  a^fy.  432,  then  each  branch  must  receive 
a  second  bend  at  a  and  6  at  a  determinate  obtuse  angle,  invariable  for  each  system  of 
cards.  It  is  indispensable  that  the  two  angles  cae  and  dbfhe  mathematically  equal, 
not  only  as  to  the  twin  teeth  of  one  staple,  but  through  the  whole  series :  for  it  is  easy 
to  see  that  if  one  of  the  teeth  be  more  or  less  sloped  Uian  its  fellow,  it  will  lay  hold  of 
more  or  less  wool  than  it,  and  render  the  carding  irregular.  But  though  the  perfect 
regularity  of  the  teeth  bo  important,  it  is  not  the  sole  condition  towards  making  a  good 
card.  It  must  be  always  kept  in  view  that  these  teeth  are  to  be  implanted  by  pairs 
in  a  piece  of  leather,  and  kept  in  by  the  cross  part  c  d.  The  leather  must  therefore 
be  pierced  with  twin  holes  at  the  distance  c  d :  and  pierced  in  such  a  manner  that  the 
slope  of  the  holes,  in  reference  to  the  plane  of  the  leather,  be  invariably  the  same ;  for 
otherwise  the  length  of  the  teeth  would  vary  with  this  angle  of  inclination,  and  the 
card  would  be  irr^:ular. 

A  third  condition  essential  towards  producing  perfect  regularity,  is  that  the  leather 
ougnt  to  be  of  the  same  thicbiess  throughout  its  whole  surface,  otherwise  the  teeth, 
thouf  h  of  the  same  length  and  fixed  at  the  same  angle,  would  be  rendered  unequal  by 
the  different  thicknesses  of  the  leather,  and  the  operation  of  carding  would  be  in 

430  482  431 
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consequence  extremely  defective.  -  Fiff,  430  shows  the  card-teeth  acting  against  each 
other,  as  indicated  by  the  arrows  in  two  opposite  directions ;  in^.  431  they  work  one  way. 

Of  late  years  very  complex  but  complete  and  well-acting  machines  have  been  con- 
structed for  splitting  the  leather  or  equalising  it  by  shaving,  for  bending  and  cutting 
the  wires,  ana  implanting  them  in  the  leather,  into  holes  pierced  with  perfect  regu- 
larity. Card  madiines  which  fashion  the  teeth  with  great  precision  and  rapidity,  and 
pierce  the  leather,  have  been  for  a  considerable  time  in  use  at  Halifax,  in  Yorkshire,  a 
town  funous  for  the  excellence  of  its  card-doth,  as  also  Leeds,  Glasgow,  and  several 
other  places.  The  wires  and  the  leather  thus  prepared  are  g^ven  out  by  the  manufsM;- 
turer  to  women  and  children,  who  put  them  together. 

The  simplest  machine  for  equalising  the  leather  which  can  be  employed,  is  that  of 

.  MM.  Scrive  of  Lille,  where  the  leather  is  drawn  forwards  by  a  roller  over  a  solid 

horizontal  table,  or  bed,  and  passed  under  a  nicely  a^iusted  vertical  blade,  which 

shaves  it  by  a  scraping  motion  to  a  perfectly  uniform  thickness.    About  one-half  the 

weight  of  the  leather  is  lost  in  this  process  and  in  the  subsequent  squaring  and  trimming. 

A  machine  for  making  cards,  invented  by  a  Mr.  Ellis  of  the  United  States,  for 
which  a  first  patent  was  obtained  in  this  country  by  Joseph  Cheeseborough  Dyer,  Esq., 
of  Manchester,  in  1811,  and  a  second  and  third  with  farther  improvements  in  1814 
and  1824,  is  one  of  the  most  elegant  automatons  ever  applied  to  productive  industry. 
It  is,  however,  necessarily  so  complicated  with  different  mechanisms  as  to  render  its 
representation  impracticable  in  such  engravings  as  are  compatible  with  the  scope  of 
this  Dictionary.  The  following  general  aescription  of  its  constituent  parts  must  there- 
fore suffice : — 

The  first  thing  to  be  done  after  having,  as  above,  prepared  the  long  sheets  or  fillets 
of  leather  of  suitable  length,  breadth,  and  thickness,  for  making  the  cards,  is  to  stretch 
the  leather,  and  hold  it  firmly ;  which  is  accomplished  by  winding  the  fillet  of  leather 
upon  the  roller  or  drum,  like  the  warp-roller  of  a  loom,  and  then  conducting  it  up- 
.  wards,  between  guide  rollers,  to  a  receiving  or  work  roller  at  the  to^  of  the  machine 
where  the  fillet  is  held  &st  by  a  cramp,  by  which  means  the  leather  is  kept  stretched. 

Secondly,  the  holes  are  pierced  in  the  leather  to  receive  the  wire  staples  or  teeth  of 
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the  card,  hj  means  of  a  sliding  fork,  the  points  of  which  are  presented  to  the  &ce  of 
the  leather ;  while  the  fork  is  made  to  advanoe  and  recede  continually,  by  the  agency 
of  levers  -worked  by  rotatory  cams  upon  a  revolving  main  shaft. 

The  points  of  the  fork  being  thus  made  to  penetrate  into  the  leather,  the  holes  for 
receiving  the  staples  are  pierced,  at  regular  distances  and  in  correct  order,  by  shifting 
the  leather  fillet  so  as  to  bring  different  parts  of  its  surfiice  opposite  to  the  ^ints  of 
the  sliding  fork.  This  is  done  by  cams,  or  indented  wheels  and  gear,  wmch  shift 
'the  guide-rollers  and  confining  drums  laterally,  as  they  revolve  and  consequently 
move  the  fillet  of  leather  at  intervals  a  short  distance,  so  as  to  present  to  the  points 
of  the  fork  or  piercers  at  every  movement,  a  different  part  of  the  surface  of  the  leather. 

Thirdly,  the  wire  of  which  the  teeth  or  points  of  the  card  are  to  be  made,  is  supplied 
from  a  coil  on  the  side  of  the  machine,  and  is  brought  forward  at  intervals,  oy  a 
pair  of  sliding  pincers,  which  are  slidden  to  and  fro  through  the  a^ncy  of  levers 
actuated  by  rotatory  cams  upon  the  main  shaft  The  pincers  having  advanced  a 
distance  equal  to  the  length  of  wire  intended  to  form  one  staple,  or  two  points,  this 
length  of  wire  is  pressed  upon  exactly  in  the  middle  by  a  square  piece  of  steel,  and 
being  there  confined,  a  cutter  is  brought  forward,  which  cuts  it  off  from^hat  part  of 
the  wire  held  in  the  pincers. 

The  length  of  wire  thus  separated  and  confined  is  now,  by  a  movement  of  the 
machine,  bent  up  along  the  sides  of  the  square  steel  holder,  and  shaped  to  three  edges 
of  the  square,  that  is,  formed  as  a  staple;  and  in  the  same  way,  l>y  the  continued 
movements  of  the  machine,  a  succession  of  pieces  of  wire  are  cut  o^  and  bent  into 
staples  for  making  the  teeth  of  the  card  as  long  as  the  mechanism  is  kept  in  action. 

Fourthly,  the  wire  staple  thus  formed  is  held  with  its  points  or  ends  outwards, 
closely  contiguous  to  the  forked  piercer  described  above,  and  by  another  movement  of 
the  mechanism  the  staple  is  protruded  forward,  its  end  entering  in  the  two  holes  made 
previously  in  the  leather  by  sliding  of  the  fork. 

While  the  wire  staple  is  being  thus  introduced  into  the  leather,  its  legs  or  points  are 
to  be  bent,  that  is,  formed  with  a  knee  or  angle,  which  is  the  fifth  object  to  be  efiected. 
This  is  done  by  means  of  a  small  apparatus  consisting  of  a  bar  or  beo,  which  bears  up 
against  the  under  side  of  the  wire  staple  when  it  has  been  passed  half-way  into  the 
holes  in  the  leather,  and  another  bar  above  it,  which  beinff  brought  down  behind  the 
staple,  bends  it  over  the  resistins  bar  to  the  angle  required ;  that  is,  forms  the  knee  in 
eadi  leg.  A  pusher  now  acts  behind  the  staple,  and  drives  it  home  into  the  leather, 
which  completes  the  operation. 

The  leather  being  thus  conducted,  and  its  position  shifted  before  the  piercer  pro- 
gressively, a  succession  of  the  above-described  operations  of  cutting  the  wire,  forming 
the  staple,  passing  it  into  the  leather,  and  bending  its  legs  to  the  angular  form,  produces 
a  sheet  of  card  of  the  kind  usually  employed  for  carding  or  combing  wool,  cotton,  and 
other  fibrous  materials.  It  may  be  necessary  to  add,  that  as  these  wire  staples  are  re- 
quired to  be  set  in  the  leathers^  sometimes  in  lines  crossing  the  sheet,  which  is  called 
ribbed,  and  at  other  times  in  oblique  lines,  called  twilled,  Sieise  variations  are  produced 
by  the  positions  of  the  notches  or  steps  upon  the  edge  or  periphery  of  the  cam,  or 
indented  wheel,  which  shifts  the  guide  rollers  that  hold  the  fillet  or  sheet  of  leather 
as  alxeadv  described. 

OASSBv  »&ATnro.  (Caries  d  jouer,  Fr. ;  Spidkarten,  Ger.)  Flaying  cards 
were  probably  invented  in  the  East.  In  Italy  cards  onginally  bore  the  name  of  Naibit 
and  they  are  still,  in  Spain  and  Portugal,  called  Naipes,  signifying,  in  the  Oriental  lan- 
guages, diffination.  Cards  were  first  painted  by  hand:  the  art  of  printing  cards  was 
discovered  in  Germany  between  1350  and  1360.  It  has  been  stated  that  cards  were 
in  use  in  Spain  in  1832 :  in  1387»  John  I.,  King  of  Castile,  prohibited  their  use.  In 
France,  we  find  that  card-playing  was  practised  in  1861 ;  and  at  the  end  of  the  14th 
century,  we  find  Charles  Vl.  amusing  himself  with  cards  during  his  sickness.  The 
figures  on  modem  cards  are  of  French  origin,  and  are  said  to  have  been  invented 
between  1480  and  1461. 

Mr.  Be  La  Hue  obtained,  in  February  1832,  a  patent  for  certain  improvements  in  the 
manu£BU!ture  of  playing  cards,  which  he  distributed  under  three  heaos :  first,  printing 
the  pips,  and  also  uie  picture  or  court-cards,  in  oil  colours  by  means  of  types  or  blocks ; 
secondly,  effiniting  the  same  in  oil  colours  by  means  of  lithography ;  and  thirdly,  gilding 
or  silvering  borders,  and  other  parts  of  the  characters,  by  the  printing  process,  either 
by  types,  blocks,  or  lithography. 

In  the  ordinary  mode  of  manufacturing  playing  cards,  their  devices  are  partly  pro- 
duced by  copperplate  printing,  and  they  are  filled  up  with  water-colours  by  the 
means  called  stencilling. 

The  patentee  does  not  purpose  any  material  alteration  in  the  devices  or  forms  upon 
the  cards,  but  only  to  produce  them  with  oil  colours ;  and,  to  effi»ct  this,  ho  follows 
precisely  the  same  mode  as  that  practised  by  ealico-printen. 


Digitized  by  VjOOQIC 


728  CAEMEL 

A  set  of  blocks  or  types,  properly  devised,  are  produced  for  printiDg  the  different 
pips  of  hearts,  diamondis,  spades,  and  dubs,  or  they  are  drawn,  as  other  subjects,  in 
the  usual  way,  upon  stone.  The  ink,  or  colour,  whether  black  or  red,  is  to  be 
prepared  from  the  best  French  lamp-black,  or  the  best  Chinese  rermilion  ground  in  oil, 
and  laid  on  the  types  and  blocks,  or  on  the  stone,  in  the  same  way  as  printers'  ink, 
and  the  impressions  taken  on  thick  drawing-paper,  by  means  of  a  suitable  press, 
in  the  ordinary  manner  of  printing. 

The  picture  or  court-cfucds  are  to  be  produced  by  a  series  of  impressions  in  different 
colours,  fitting  into  each  other  exactly  m  the  same  way  as  in  printing  paper  hangings, 
or  silks  and  calicoes,  observing  that  all  the  colours  are  to  be  prepared  with  oil 

For  this  purpose  a  series  of  blocks  or  types  are  to  be  providea  for  each  subject,  and 
which,  when  put  together,  will  form  the  whole  device.  These  blocks  are  to  be  used 
separately,  that  is,  all  the  yellow  parts  of  the  picture,  for  instance  are  to  be  printed 
at  one  impression,  then  all  the  red  parts,  next  all  the  flesh  colour,  then  the  blue 
portions,  and  so  on,  finishing  with  the  black  outlines,  which  complete  the  picture. 

If  the  same  is  to  be  done  by  lithography,  there  must  be  as  many  stones  as  there 
are  to  be  colours,  each  to  print  its  portion  only ;  and  the  impression,  or  part  of  the 
picture,  given  by  one  stone  must  be  exactly  fitted  into  hj  the  impression  given  from 
the  next  stone,  and  so  on  until  the  whole  subiect  is  complete. 

A  superior  kind  of  caid  is  supposed  to  be  made,  with  gold  or  silver  devices  in 
parts  of  the  pictures,  or  gold  or  silver  borders  round  the  pips.  This  is  to  be  effected 
by  printing  the  lines  which  are  to  appear  as  ^Id  or  silver,  with  gilder's  sice,  in  place 
of  ink  or  colour ;  and  immediately  after  the  impression  has  been  given,  the  &ce  of 
the  card  is  to  be  powdered  over  with  gold-dust,  silver,  or  bronze,  by  means  of  a  soft 
cotton  or  wool  dabber,  by  which  the  ^Id,  silver,  or  bronze  will  b^  made  to  adhere 
to  the  picture,  and  the  superfluous  portions  of  the  metal  will  wipe  off  by  a  very  slight 
rubbing.  When  the  prints  are  perfectly  dry,  the  face  of  the  card  may  be  polished  by 
means  of  a  soft  brush. 

If  it  should  be  desirable  to  make  these  improved  cards  to  resemble  ivory,  that  may 
be  done  by  preparing  the  face  of  the  paper  in  the  first  instance  with  a  composition  ^ 
size  and  fine  French  white,  and  a  drying  oil,  mixed  together  to  about  the  consistence  of 
cream ;  this  is  to  be  washed  over  the  paper,  and  dried  before  printing,  and  when  the 
cards  are  finished  they  will  exactly  resemble  ivory. 

The  only  thing  remaining  to  be  described,  is  the  means  by  which  the  successive 
impressions  of  the  types,  blocks,  or  stones  forming  the  parts  of  the  pictures,  are  to 
be  brought  exactly  to  join  each  other,  so  as  to  form  a  peif  ect  whole  design  when  com- 
plete ;  this  is  b^  printers  called  registering,  and  is  to  be  effected  much  in  the  usual 
way,  by  points  in  the  t^pan  of  the  press,  or  by  marks  upon  the  stones. 

The  parts  of  the  subject  having  been  all  accurately  cut  or  drawn  to  fit,  small  holes 
are  to  be  made  with  a  fine  awl  through  a  quire  or  more  of  the  paper  at  once,  by 
placing  upon  the  paper  a  gauge-plate,  having  mariics  or  guide-holes,  and  by  observing 
these,  the  same  sheet  laid  on  several  times,  and  always  made  to  corre^nd  with  the 
points  or  marks,  the  several  parts  of  the  picture  must  inevitably  register,  and  produce 
a  perfect  subject. 

In  the  year  ended  Match  31,  1878,  there  were  1,048,884  packs  of  cards  manu- 
factured, on  which  the  stamp  duty  of  3^.  per  padc  was  paid,  producing  18,048^.  lU. 

Flaying  cards  imported  at  the  duty  fixed  April  8,  1862,  at  8«.  9d,  per  dozen  pocks, 
were  as  follows : — 

1871  18711 

Dozoi  pftcks  £  Dozen  pttda            £ 

From  Belgium                   31,301  5,014  50,090  6,135 

„     Other  Countries        5,098  1,508  9,341  2,520 


37,294  6,612  59,431  8,655 

CABBAMOm.  The  fruit  of  the  Elettaria  Cardamomwn,  or  the  true  officinal 
cardamom.  Cardamoms  are  produced  naturally  and  by  cultivation  in  Malabar,  at 
Travancore,  and  the  western  part  of  Soonda.  The  Malabar  cardamoms  are  distin- 
guished in  commerce  as  shorts^  short-longs,  and  hng-longs.  The  three  sorts  are  brought 
from  Bombay  in  chests,  the  shorts  fetching  from  SdE.  to  6a.  per  lb.  more  than  the  Umgs. 

OABIilB.    A  sort  of  hemp. 

OAS&OOX.  The  name  given  by  the  Russians  to  the  isinglass  obtained  from 
the  air-bladder  of  the  stuigeon. 

OAJUABAB  TWnrS.  Laige  felspar  crystals  which  are  porphj^tically  em- 
bodied in  a  regularly  constituted  rock,  as  in  the  granite  of  Carlsbad  in  Bohemia,  and 
the  granite  of  some  parts  of  Cornwall. 

OAXmBb  •    A  substance  used  by  ooafeetloDers  for  covering  sweetmeats.. 
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OABIIXVB.  0^mwmno  ACZS.  •  (Camkh  Fr.;  KarmiHstof,  Gto.)  The 
eolouring  matter  of  the  cochineal  insect.    See  Coghimbal. 

There  are  seyeral  methods  of  preparing  cannine,  the  following^  being  the  most 
approved:  Dr.  Fereira  speaks  highly  of  this  process.  A  decoction  of  the  black 
codiineal  is  made  in  water ;  the  residue,  called  carmine  grounds,  is  used  by  P^P^ 
stainers.  To  the  decoction  is  added  a  precipitant,  osnally  bichloride  of  tin.  The 
decoction  to  which  the  bichloride  has  been  added  is  put  into  a  shallow  Tessel  and 
allowed  to  rest  Slowly  a  deposit  takes  ^lace,  which  adheres  to  the  sides  of  the  yessel, 
and  the  liquid  being  poured  ofl^  it  is  dned :  this  precipitate  is  carmine.  The  liquid, 
when  concentrated,  is  called  Liquid  rou^e. 

By  the  Oid  German  Process,  carmine  is  prepared  by  means  of  alum,  without  any  other 
addition.  As  soon  as  the  water  boils,  the  powdered  cochineal  is  thrown  into  it,  stirred 
well,  and  then  boiled  for  six  minutes ;  a  little  ground  alum  is  added,  and  the  boiling  is 
continued  for  three  minutes  more.  The  vessel  is  removed  from  the  fire,  the  liquor  is 
filtered,  and  left  for  three  days  in  porcelain  vessels,  in  the  course  of  which  time  a  red 
matter  falls  down,  which  must  be  separated  and  dried  in  the  shade.  This  is  carmine, 
which  is  sometimes  previously  purified  by  washing.  The  liquor,  after  three  days  more, 
lots  fall  an  inferior  kind  of  carmine ;  but  the  residuaiy  colouring  matter  may  also  be 
separated  by  the  muriate  of  tin. 

The  poportion»for  the  above  processes  are  680  parts  of  clear  river  water,  16  parts 
of  oochiijeai,  and  1  part  of  alum:  there  is  obtained  from  1^  to  2  parts  of  carmine. 

Another  Carmine  with  Tartar,— -To  the  boiling  water  the  cochineal  is  added,  and  after 
some  time  a  little  cream  of  tartar ;  in  eight  minut^  more  a  little  alum  is  added,  and  the 
boiling  continued  for  a  minute  or  two  longer.  Then  take  it  ficom  the  fire  and  pour  it 
into  glass  or  porcelain  vessels ;  filter,  and  let  it  repose  quietly  till  the  carmine  falls  down. 
Then  decant  and  dry  in  the  shade.  The  proportions  are  8  lbs.  of  water,  8  ob.  of  cochi- 
neal, ^  oz.  of  cream  of  tartar,  and  }  oz.  of  alum ;  and  the  product  is  an  ounce  of  carmine. 

The  Process  of  Alxon  or  Langlots. — ^Boil  two  pails  and  a  half  of  river  water  (30  pints), 
throw  into  it,  a  little  afterwards,  a  pound  of  cochineal,  add  a  filtered  solution  jof  six 
drachms  of  carbonate  of  soda  and  a  pound  of  water,  and  let  the  mixture  boil  for  half  an 
hour :  remove  the  copper  from  the  fire,  and  let  it  cool,  inclining  it  to  one  side.  Add 
six  drachms  of  pulvensed  alum,  stir  with  a  brush  to  quicken  the  solution  of  the  salt,  and 
let  the  whole  rest  20  minutes.  The  liquor,  which  has  a  fine  scarlet  colour,  is  to  be 
carefully  decanted  into  another  vessel,  and  there  is  to  be  put  into  it  the  whites  of  two 
oggs  wdl  beat  up  with  half  a  pound  of  water.  Stir  again  with  a  brush.  The  copper 
is  replaced  on  the  fire,  the  alumina  becomes  concrete,  and  carries  down  the  colouring 
matter  with  it  The  copper  is  to  be  taken  from  the  fire,  and  left  at  rest  for  2d  or  80 
minutes,  to  allow  the  carmine  to  iekU  down.  When  the  supernatant  liquor  is  drawn 
ofi^  the  deposit  is  placed  upon  filter^oth  stretched  upon  a  tnme  to  drain.  When  the 
carmine  has  the  consistence  of  cream-cheese,  it  is  taken  firom  the  filter  with  a  silver  or 
ivory  Imife,  and  set  to  dx^  upon  plates,  covered  with  paper  to  screen  it  from  dust  A 
pound  of  cochineal  gives  in  this  way  an  ounce  and  a  nau  of  carmine. 

Process  of  Madame  Cenetie  of  Amsterdam,  with  salt  of  sorrel. — ^Into  six  pails  of  river 
water  bcnling  hot,  throw  two  pounds  of  the  finest  cochineal  in  powder ;  continue  the 
ebuUition  for  two  hours,  and  then  add  8  oz.  of  refined  saltpetre,  and,  after  a  few  minutes, 
4  OB.  of  salt  of  sorrel.  In  ten  minutes  more  take  the  copper  firom  the  fire,  and  let  it 
setde  for  fisur  hours ;  then  draw  off  the  liquor  with  a  siphon  into  fiat  plates,  and  leave 
it  there  for  tliree  weeks.  Afterwards  there  is  formed  upon  the  surface  a  i>retty  thick 
moiddiness,  which  is  to  be  removed  dexterously  in  one  pellide  by  a  slip,  of  whalebone. 
Shoidd  the  film  tear  and  fragments  of  it  £edl  down,  they  must  be  removed  with  the 
utmost  care.  Decant  the  supernatant  water  with  a  siphon,  the  end  of  which  may  touch 
the  bottom  of  the  vessel,  because  the  layer  of  carmine  is  very  firm.  Whatever  water 
remains  must  be  sucked  away  by  a  pipette.  The  carmine  is  dried  in  the  shade  and 
has  an  extraordinary  lustre. 

Carmine  by  the  Salt  of  Tin,  or  the  Carmine  of  China, — ^Boil  the  cochineal  in  river 
water,  adding  some  Boman  alum ;  then  pass  through  a  fine  doth  to  remove  the  cochineal, 
and  set  the  Uquor  aside.  It  become  brighter  on  keeping.  After  having  heated  this 
liquor,  pour  into  it,  drop  by  drop,  solution  of  tin  till  Uie  carmine  be  precipitated. 
The  proportions  are  one  pailfol  of  water,  20  oz.  of  cochineal,  and  60  grains  of  alum,  with 
a  solution  of  tin  containing  4  oz.  of  the  metal. 

To  make  Ordinary  Carmine, — Take  1  pound  of  cochineal  in  powder ;  8  drachms 
and  a  half  of  Carbonate  of  potash ;  8  drachms  of  alum  in  powder ;  8  drachms  and  a 
half  of  fish-glue. 

The  cochineal  must  be  boiled  alon^  with  the  potash  in  a  copper  containing. five  pail- 
fuls  of  water  (60  pints)  ;  the  ebullition  being  allied  with  cold  water.  After  boiling 
a  few  minutes  the  copper  must  be  taken  fh>m  the  fire,  and  placed  on  a  table  at  such  an 
angle  as  that  the  liquor  may  be  conveniently  transvased.    The  pounded  alum  is  then 
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HaoWn  in,  and  t&e  deoo<!tioii  m  Btirred:  it  changes  oolonr  immediately  and  inclines 
to  a  more  brilliant  tint.  At  the  end  of  fifteen  minntes  the  cochineal  is  deposited  at 
the  bottom,  and  the  bath  becomes  as  dear  as  if  it  had  been  filtered.  It  contains  the 
colouring  matter,  and  probably  a  little  alum  in  suspension.  It  is  then  decanted  into 
a  copper  of  equal  capacity,  and  placed  oyer  the  fire,  adding  the  fish-glue  dissolyed 
in  a  great  deal  of  water,  and  passed  through  a  scarce.  At  the  moment  of  ebullition, 
the  carmine  is  perceiyed  to  rise  up  to  the  surface  of  the  bath,  and  a  cpagulum  is 
formed,  like  what  takes  place  in  clarifications  with  whites  of  egff.  The  copper  must 
be  immediately  taken  from  the  fire,  and  its  contents  be  stirred  with  a  spatula.  In  the 
course  of  fifteen  or  twenty  minutes  the  carmine  is  deposited.  Tne  supernatant 
liquor  is  decanted,  and  the  deposit  must  be  drained  upon  a  filter  of  fine  canyas  or 
linen.  If  the  operation  has  been  well  conducted,  the  carmine  when  dry  crushes 
readily  under  the  fingers.  What  remains  after  the  predpitation  of  the  carmine  is  still 
much  loaded  with  colour,  and  may  be  employed  yery  adyantageously  for  carminated 
lakes.    See  Laxb. 

There  are  sold  at  the  shops  different  kinds  of  carmine,  distingnished  by  numbers,  and 
possessed  of  a  corresponding  yalue.  The  difference  depends  upon  two  causes,  either 
upon  the  proportion  of  alumina  added  in  the  predpitation,  or  of  a  certain  quantity  of 
yermilion  put  in  to  dilute  the  colour.  In  the  firat  case  the  shade  is  paler,  in  the 
second  it  has  not  the  same  lustre.  It  is  always  easy  to  disooyer  the  proportion  of  the 
adulteration.  By  ayailing  ourselyes  of  the  property  of  pure  carmine  to  dissolje  in 
water  of  ammonia,  the  whole  foreign  matter  remains  untouched,  and  we  may  estimate 
its  amount  by  drying  the  residuum. 

Carmine  is,  acoordang  to  Felletaer  and  Gayenton,  a  triple  compound  of  the  colour- 
ing substance  and  an  animal  matter  contained  in  cochineal,  combined  with  an  add 
added  to  effect  the  predpitation.  The  most  suocessfU  inyestigator  into  the  colouring 
juatter  of  the  cochineal  has  been  Mr.  Warren  De  La  Bne.  This  chemist  had  the 
opportunity  of  submitting  the  liying  insect  to  microscopical  examination.^  He  found 
it  to  be  coyered  with  a  wnite  du8t»  which  was  likewise  obsenred  on  the  adjacent  parts 
of  the  cactus  leayes  on  which  the  animal  feeds.  This  dust,  whidi  he  considered  to  be 
the  excrement  of  the  animal,  has,  under  the  microscope,  the  appearance  of  white 
curyed  cylinders  of  a  yeiy  uniform  diameter.  On  remoying  the  powder  with  ether, 
and  pierdng  the  side  of  the  insect,  a  purplish-red  fiuid  exudes,  which  contains  red 
colouring  matter,  in  minute  granules  assembled  round  a  colourless  nucleus.  These 
groups  seem  to  fioat  in  a  colourless  fiuid^  which  appears  to  proye,  that  whateyer  may 
be  the  faction  of  the  colouring  matter,  it  has  a  (ustinct  and  marked  form,  and  does 
not  pervade,  as  a  mere  tint,  the  fiuid  portion  of  the  insect  To  this  colouring  matter, 
Mr.  De  La  Rue  has  giyen  the  name  of  Cabminic  Acn>. 

It  has  been  shown  by  Schiitzenberger  that  the  carminic  acid  in  carmine  is  combined 
with  a  nitrogenous  base  called  tynmne. 

There  are  some  remarkable  peculiarities  about  the  production  of  carmine.  The  shade 
and  character  of  the  colour  are  altered  by  slight,  yery  slight,  differences  of  the  tem- 
'perature  at  which  it  is  prepared;  and  with  eyery  yariation  in  the  circumstance  of 
illumination,  a  change  is  discoyerod  in  the  colour.  Sir  H.  Davy  relates  the  following 
■anecdote  in  illustration  of  this : — 

'Amanu&cturer  of  carmine,  who  was  aware  of  the  superiority  of  the  French 
colour,  went  to  Lyons  for  the  purpose  of  improying  his  process,  and  bargained  with  a 
celebrated  manufacturer  in  that  dty  for  the  acquisition  of  his  secret,  for  which  he  was 
to  pay  1,000/.  He  saw  all  the  process,  and  a  beautiful  colour  was  produced,  but  he 
found  not  the  least  difference  in  the  French  method  and  that  which  had  been  adopted 
by  himself.  He  appealed  to  his  instructor,  and  insisted  that  he  musthaye  kept  some- 
thing concealed,  llie  man  assured  him  that  he  had  not,  and  invited  him  to  inspect 
the  process  a  second  time.  He  yery  minutdy  examined  the  water  and  the  materials, 
whidi  were  in  every  respect  similar  to  his  own,  and  then,  yezy  mudi  surprised,  he 
said :  "  I  have  both  lost  my  money  and  my  labour ;  for  the  air  of  England  does  not 
admit  of  our  making  good  carmine.** — "  Stay,**  said  the  Frenchman,  "  don't  deceive 
yourself;  what  kind  of  weather  is  it  now?" — "A  bright  sunny  day"  replied  the 
Englishman.  "  And  such  are  the  days,**  replied  the  Frenchman,  "  upon  which  I  make 
my  colour :  were  I  to  attempt  to  manufacture  it  on  a  dark  and  doudy  day,  my  results 
would  be  the  same  as  yours.  Let  me  advise  you  to  make  your  carmmo  on  sunny 
days." '  Experiments  on  this  subject  have  proved  that  coloured  precipitates  which 
are  brilliant  and  beautiftil  when  they  are  precipitated  in  bright  sunshine,  are  dull, 
and  suffer  in  their  general  character,  if  predpitated  in  an  obscure  apartment,  or  in 
the  dark. 

Tb  revive  or  brighten  Cfarmne, — ^We  may  brighten  ordinary  carmine,  and  obtain  a 
very  fine  and  dear  pigment,  1^  dissolving  it  in  water  of  ammonia.  For  this  purpose 
we  leaye  ammonia  upon  canmne  in  Uie  heat  of  the  sun,  till  its  colour  is  extracted. 
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and  the  liquor  has  got  a  fine  red  tinge.  It  mnst  be  then  drawn  off  and  precipitated 
by  acetic  acid  and  aloohol,  next  washed  with  alcohol,  and  dried.  Carmine  dissoWed 
in  ammonia  has  been  long  employed  by  ^inters  under  the  lamB  o£  Liquid  earmme. 

Cannine  is  the  finest  red  colour  which  the  painter  possesBes.  It  is  principally 
employed  in  miniature  painting,  water  colours,  and  to  tint  artificial  fiowers,  because 
it  is  more  transparent  than  the  other  colours.  This  Taluable  pigment  is  often  adulte- 
rated with  stiurch.  Water  of  ammonia  enables  us  to  detect  tlus  £rand  by  dissolying 
the  pure  carmine,  and  leaving  the  starchy  matter,  as  well  as  most  other  sophisticating 
substances.    Such  debased  carmine  is  apt  to  spoil  with  damp. 

O  A  MW  A  TiTiira.  A  hydrous  chloride  of  potassium  and  magnesium,  named  after 
Yon  Camoll,  of  the  salt-mines  at  Stassfhrt^  near  Magdeburg,  in  Prussia.  The 
carnallite  occurs  in  the  upper  beds  of  these  salt-deposits,  known  as  the  '  Gamallite 
region.'  It  is  also  found  under  similar  conditions  at  Kaluss  in  Galida,  and  is  said  to 
occur  likewise  at  Maman  in  Persia.    See  AjBBAjnt.  Salts. 

Carnallite  occurs  massive  or  in  coarsely-granular  forms ;  when  pure  it  is  colourless, 
but  in  most  cases  it  presents  a  reddish  colour  due  to  included  six-sided  plates  of 
micaceous  iron-ore  (peroxide  of  iron).  The  specific  gravity  of  the  salt  is  1*6.  It 
deliquesces  in  the  air,  and  dissolves  freely  in  water.  The  formula  of  carnallite  is 
2MgCl  +  KCl+12HO  (MffGl'+XCl  +  CBO^}.  A  spechnen  of  pure  carnallite 
would  therefore  contain  84*2  per  cent,  of  chloriae  of  magnesium,  26*8  of  chloride  of 
potassium,  and  39  of  water ;  as  raised  f^m  the  mine,  however,  it  generally  contains 
also  chloride  of  sodium  and  sulphate  of  potash,  sometimes  with  organic  matter  and 
microscopic  crystals  of  anhydrite  and  quarts.  The  carnallite  beds  are  so  intermixed 
with  the  other  minerals  that  the  commercial  potash-salts  known  as  carnallite  contain 
.  only  66  per  cent  of  carnallite,  representing  17^  per  cent,  of  chloride  of  potassium. 
The  mineral  is  associated  with  rock-salt,  kieserite,  sylvine,  &c  It  is  largely  employed 
OS  a  source  of  chloride  of  potassium,  whidb  is  obtained  f^m  it  l^  merely  treating  the 
salt  with  hot  water,  whereby  the  readily-soluble  chloride  of  magnesium  is  dissolved 
out  The  salt  is  also  used  in  the  preparation  of  chlorine  gas,  and  in  the  manufacture 
of  manures. 


The  name  of  a  palm  growing  in  Brazil,  the  Corypha  cerifera. 
The  fruit  is  edible.  Candles  are  made  fiKxm  the  wajc  which  is  obtained  firom  the 
loaves  by  melting  the  coating.    The  wood  is  very  strong,  and  used  in  building. 

OAXWniAV,  or  COBm&ZJLV.  (Comalms,  f  r. ;  Kameol,  Ger. ;  ComaUna^ 
ItaL)  A  reddish  variety  of  chalcedony,  ^nerally  of  a  clear  bright  tint ;  it  is  some- 
times of  a  yellow  or  brown  colour,  and  it  passes  into  common  chalcedony  through 
greyish  red.  Heintz,  by  his  analysis,  shows  that  the  colour  is  due  to  peroxide  of  iron. 
He  found  per  cent,  Peroxide  of  Iron  0*050 ;  Alumina  0*081 ;  Magnesia  0*028 ;  Potash 
00043 ;  Soda  0*075 ;  the  remainder  being  Silica.-— 2>aiia. 

Camelians  are  the  stones  usually  employed,  when  engraved,  for  seals.  The  French 
give  to  those  camelians  idiidi  have  the  utmost  transparency  and  purity,  the  name  of 
Comaline  €Fa$ioimn$  roehe.    See  Aoatb. 

The  late  J.  Forbes,  Esq.,  long  a  resident  in  India,  and  with  ample  means  of  refer- 
ence to  the  province  of  CHozerat,  thus  describes  the  locality  of  the  camelian  mines : — 

*  Cameliuis,  agates,  and  the  beautifolly  variegated  stones  improperly  called  Mocha 
.  Stones,  form  a  v^uable  part  of  the  trade  at  Cambay.    The  beet  agates  and  camelians 

are  found  in  peculiar  strata,  thirty  feet  under  the  surface  of  the  earth,  in  a  small  tract 
among  the  Bajepiplee  hills  on  the  banks  of  the  Nerbudda ;  they  are  not  to  be  met 
with  in  any  other  part  of  Quzerat  and  are  generally  cut  and  polished  in  Cambay. 
On  being  taken  £com  their  native  bed,  they  are  exposed  to  the  heat  of  the  sun  for  two 
years:  the  longer  they  remain  in  that  situation,  the  brighter  and  deeper  will  be  the 
colour  of  the  stone.  Fire  is  sometimes  substituted  for  the  solar  ray,  but  with  less 
effect,  as  the  stones  frequently  crack,  and  seldom  acquire  a  brilliaiit  lustre.  After 
having  undergone  this  process,  they  are  boiled  for  two  days,  and  sent  to  manufacturers 
at  Cambay.  The  agates  are  of  din^nt  hues ;  those  generally  called  camelians  are 
dark,  white,  and  red,  in  shades  £rom  the  palest  yellow  to  the  deepest  scarlet. 

*  The  variegated  stones  wiUi  landscapes,  trees,  and  water  beautifully  delineated 
'  are  found  at  Copper-wange,  or,  more  properly,  Cubber-punge,  *  The  Five  Tombs,'  a 

place  sixty  miles  distant.* — Oriental  Memoirs^  2nd  ed.  vol.  i.  p.  328. 

*  At  Neemoudra,  a  village  of  the  Bajepiplee  district  and  three  miles  east  are  some 
celebrated  camelian  mines.  The  country  in  the  immediate  vicinity  of  the  mines  is  but 
little  cultivated ;  and  on  account  of  the  jungles,  and  their  inhabitants  the  tigers,  no 
human  inhabitants  are  found  nearer  than  Rattumpoor,  which  is  seven  miles  off  The 
miners  have  huts  at  this  place  when  stones  are  bumed. 

*  The  camelian  mines  are  situated  in  the  widest  parts  of  the  jungle,  and  consist  of 
numerous  shafts  worked  down  perpendicularly  about  4  feet  wide,  the  deepest  about 
50  feet    Some  extend  at  the  Ix^tom  in  a  horizontal  direction,  but  usually  not  far,  the 
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nature  of  these  pits  being  such  as  to  prevent  theu?  bein^  worked  a  second  year,  on 
account  of  the  heavy  riains  causing  the  sides  to  fall  in;  so  that  new  ones  must  be 
opened  at  the  conclusion  of  every  rainy  season.  The  soil  is  gravelly,  and  consists 
chiefly  of  quartz-sand,  reddened  with  iron  and  a  little  clay.  The  nodides  weigh  from 
a  few  ounces  to  even  two  or  three  pounds,  and  lie  close  to  each  other,  but  for  the  most 
part  distinct,  not  being  in  strata,  but  scattered  through  the  masses  in  great  abundance. 

'  On  the  spot,  the  camelians  are  mostly  of  a  blackish-olive  colour,  like  common  dark 
flints,  others  somewhat  lighter,  others  still  lighter  with  a  milky  tinge ;  but  it  is  quite 
uncertain  what  appearance  they  will  assume  after  they  have  been  burnt 

*Erom  Neem6u<&a  they  are  carried  by  the  merchants  to  Cambay,  where  they  are 
cut,  polished,  and  formed  into  beautiful  ornaments,  for  which, that  city  is  so  justly 
celebrated.' — Ck>peland,  Bombay  Besearches ;  Hamilton's  Dewription  of  Hinaostan, 
4to.  1820. 

The  stones  from  Cambay  are  oifl&red  in  commerce,  cut  and  uncut,  as  roundish 
pebbles  fiom  1  to  8  inchea  in  diameter.  The  colour  of  red  camelian  of  Cambay  varies 
nom  the  palest  flesh-oolour  to  the  deepest  blood-red ;  the  latter  bdng  most  in  demand 
for  seals  and  trinkets.  The  white  are  scarce,  but  when  white  and  tmiform  thenr  are 
valuable ;  the  yellow  and  variegated  are  of  little  estimation  in  the  Bombay  market. 

The  present  trade  in  these  stones  cannot  be  correctly  ascertained,  as  in  the  Board  of 
Trade  returns  they  are  now  included  with  precious  stones  *  of  the  inferior  class,  unset.' 
The  valu&  of  the  imports  cannot  be  ascertained. 

0AB08  TBUB.  CeraUma  SUiqua,  This  tree  is  often  called  St.  John's  Bread, 
from  the  idea  that  it  fbmished  the  'locusts'  and  *wild  honey'  to  St.  John  when  in 
the  wilderness.  It  is  an  evergreen  tree  of  large  size,  and  is  the  only  tree  that  grows 
in  Malta.  It  grows  abundantly  in  Palestine.  The  ripe  fruit  has  a  sweetish  taste, 
and  is  eaten  in  times  ^f  scarcity  by  the  country  people.  Large  quantities  of  the 
fruit  are  sent  annually  from  Palestine  to  Alexandria,  and  thence  to  Constantinoj^e. 
The  Turks  pulp  it  with  liquorice  root  and  other  fruits^  to  make  their  sherbet.  The 
bark  is  sometimes,  on  account  of  its  astringency,  employed  as  a  substitute  for  oak 
bark  in  tanning  hides.  M.  Mennons,  of  Paris,  has  patented  the  application  of  the 
carob  beans  to  Sie  production  of  a  species  of  glucose  or  fermentable  sugar  adapted  to 
a  variety  of  manufacturing  purposes. 

CABOTXVB.  The  colouring  principle  of  the  carrot  {Datums  Oanta)^  'vdiich  is 
associated  in  theroot  with  a  colourless  subsrt^ance  called  hydrocarotme. 

OARPBT.  {Tapis,  Fr.;  Teppioh,  Ger.)  A  thick  woollen  fabric  of  vari^ted 
colours,  for  covering  the  floors  of  the  better  sort  of  apartments.  This  luxurious 
manufacture  took  its  origin  in  Persia  and  Turkey,  whence  the  most  beautiAil  patterns 
were  wont  to  come  into  Europe ;  but  they  have  been  for  some  time  surpassed  by  the 
workmanship  of  France,  Great  Britain,  and  Belgium.  To  form  a  just  conception  of 
the  elegant  and  ingenious  processes  by  which  carpets  are  made,  we  should  visit  the 
State  establishment  of  the  Gobelins  at  Paris. 

The  warp,  says  Mr.  Boland,  beinff  the  foundation  of  the.  fabric,  ou^ht  to  be  of  fine 
wool,  equaliy  but  flrmly  spun,  and  consists  of  three  yams  twisted  into  one  thread. 
The  yams  that  are  to  form  the  velvety  surface  of  the  carpet  ought  also  to  bo  of  the 
best  quality,  but  soft  and  downy  in  their  texture,  so  that  the  dye  may  penetrate  evezy 
filament.  Hemp  or  linen  yams  are  likewise  emplcrred  in  this  manufs^ure,  as  a  wood; 
to  bind  the  warp  flrmly  together  after  each  shoot  of  the  velvety  threads.  Thus  we  see 
that  good  carpeting  consists  essentially  of  two  distinct  webs  woven  at  the  same  time, 
and  flrmly  decussated  together  by  the  woof  threads.  Hence  the  form  of  the  pattern 
is  the  same  upon  the  two  sides  of  the  doth,  only  the  colours  are  reversed,  so  that  what 
was  green  upon  one  side  becomes  red  or  black  upon  the  other,  and  vUse  veraA,  The 
smaller  the  flgures  the  more  frequent  the  decussation  of  the  two  planes,  and  the  firmer 
and  more  durable  the  fabric 

The  carpet  manufacture,  as  now  generally  practised,  may  be  distributed  into  two 
Gvstems — that  of  double  fabrics,  and  that  cut  in  imitation  of  velvet.  Of  late  years 
the  Jacqnard  loom  has  been  much  used  in  weaving  carpets,  the  nature  of  which  will 
be  found  folly  explained  under  that  title. 

For  the  sake  of  illustration,  if  we  suppose  the  double  carpets  to  be  composed  of 
only  two  colours,  the  principle  of  weaving  will  be  easily  understood ;  for  it  is  only 
necessary  to  raise  the  warp  of  each  web  altemately  for  the  passage  of  the  shuttle,  the 
upper  web  being  entirely  above  when  the  under  web  is  being  woven,  or  decussated, 
and  vice  verad.  In  the  Brussels  carpet  the  worsted  ^ram  nused  to  form  the  pile,  and 
make  the  figure,  is  not  cut ;  in  the  Wilton  the  pile  is  cut  to  give  it  a  velvety  aspect 
and  softness.  In  the  imperial  Brussels  carpet  the  figure  is  raised  above  the  nound, 
and  its  pile  is  cut,  but  the  ground  is  uncut;  and  in  Uie  royal  Wilton  the  pile  is  both 
raised  higher  than  in  the  common  Wilton,  and  it  is  cut,  whereby  it  has  a  rich  cushion- 
like  appearance.    The  doth  of  all  these  superior  carpets  consists  of  wodlen  and 


Digitized  by  VjOOQIC 


OAEPET  733 

linen,  or  hemp ;  the  latter  being  put  upon  a  beam,  and  brought,  of  course,  through 
heddles  and  a  reed ;  but  as  its  only  purpose  is  to  bind  together  the  worsted  fabric,  it 
should  not  be  visible  upon  the  upper  t&ce  of  the  carpet  The  worsted  yam  is  wound 
upon  small  bobbins  or  pirns,  with  a  weight  afiSzed  to  each,  for  giving  proper  tension 
to  the  threads.  The  number  varies,  for  one  web,  from  1,800  to  1,800,  according  as 
the  carpet  is  to  be  27  or  86  inches  wide ;  and  they  are  placed,  in  ^mes,  behind  the 
loom,  filled  with  differently-coloured  yam,  to  correspond  with  the  figure.  This 
worsted  warp  is  then  drawn  through  the  harness,  heddles,  and  reed,  to  be  associated 
with  the  linen  yam  in  the  compound  fabric. 

In  Kidderminster  carpeting,  both  warp  and  weft  appear  upon  the  face  of  the  cloth, 
whereas,  in  the  Brussels  style,  only  the  warjp  is  seen,  its  binding  weft  being  fine 
hempen  or  linen  threads.  The  three-ply  impenal  carpet,  called  the  Scot^  is  coming 
very  much  into  vogue,  and  is  reckonea  by  many  to  be  little  inferior  in  texture,  look, 
and  wear  to  the  Brussels.  Kilmamock  has  acquired  merited  distinction  by  this 
ingenious  industiy.  In  this  fj&bric,  as  well  as  in  tne  two-ply  Kidderminster,  the  weft 
prodominates,  and  displays  the  design ;  but,  in  the  French  carpets,  the  worsted  warp 
of  the  web  shows  the  figure.  Plain  Venetian  carpets,  as  used  for  stairs  and  passages^ 
are  woven  in  simple  looms,  provided  merely  with  the  common  heddles  and  reed. 
The  warp  should  be  a  substance  of  worsted  yam,  so  heavy  as  to  cover  in  the  weft 
completely  from  the  view.  Figured  Venetian  carpets  are  woven  in  the  two-ply  Kid- 
derminster looms,  and  are  jprovided  with  a  mechamsm  to  raise  the  pattern  upon  the 
worsted  warp.  The  weft  is  an  alternate  shoot  of  worsted  and  linen  yam,  and  must 
be  concealed. 

The  following  figure  and  desoriptipn 
will  explain  die  constmction  of  the 
three-ply  imperial  Scotch  and  two-ply 
Kidderminster  carpet  loom,  which  is 
merely  a  modification  of  the  Jacquard 
mSHer,  The  Brussels  carpet  loom,  on  the  ^ 
contrary,  is  a  draw-boy  loom  on  the 
damask  plan,  and  requires  the  weaver  to 
have  an  assistant.  Fig,  483,  ▲▲  a,  is  the 
firame  of  the  loom,  consisting  of  four 
upright  posts,  with  caps  and  cross-rails 
to  bind  them  together.  The  posts  are 
about  six  feet  high,  c  c,  the  el<^-beam, 
is  a  wooden  cylinder,  six  inches  or  there- 
abouts in  diameter,  of  sufficient  length 
to  traverse  the  loom,  with>iron  gudgeons 
in  the  two  ends,  which  work  in  bushes 
in  the  side  frame.  On  one  end  of  this 
beam  is  a  ratchet  wheel,  with  a  tooth  to 
keep  it  from  turning  round  backwards  "^ 
by  the  tension  of  the  web.  d,  the  lay, 
with  its  reed,  its  under  and  upper  sheU, 

its  two  lateral  rulers  or  sworas,  and  roddng-tree  above.    There  are  grooves  in  the 
upper  and  under  shell,  into  whidi  the  reed  is  fitted,    b,  the  heddles,  or  hamess,  with 
a  aouble  neck  attached  to  each  of  the  tower  or  card  mechanisms,  f  f,  of  the  Jacquard 
loouL    The  heddles  are  connected  and 
work  with  the  treddles  #b,  by  means  of  434 

cords,  as  shown  in  the  figure,  o  o  are 
wooden  boxes  for  the  cards,  h,  the 
yam,  or  warp  beam. 

In  draw-looms  <}f  every  kind,  there  is 
no  sinking  of  any  portion  of  the  warp, 
as  in  plain  cloth-weaving;  but  the 
plane  of  the  doth  is  placed  low,  and  the 
threads  under  which  the  shuttle  has  to 
pass  are  raised,  while  all  the  rest  re- 
main stationary.  The  hamess  part  of 
this  carpet-loom  is  moved  by  an  assistant 
boy  or  girl,  who  thus  allows  the  weft  to 
be  properly  decussated,  while  the  weaver 
atteniu  to  working  the  front  mounting 

Qt  heddles.  Fia,  484,  ▲  represents  the  f^ame  of  a  carpet  draw-loom ;  b  is  a  box 
or  frame  of  puUies,  over  which  the  cords  of  the  hamess  pass,  and  are  then  made 
fBSt  to  ft  piece  of  vood,  seen  at  b,  which  the  weavers  call  a  table.    From  the  tail  of 
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the  harness  the  simples  descend,  and  to  the  end  of  eaeh  is  attached  a  small  handle  o, 
called  a  bob.  These  handles  being  disposed  in  pairs,  and  their  regularity  preserved  by 
means  of  a  perforated  board  c,  it  is  merely  necessary  to  pull  every  handle  in  succession, 
the  weaver,  at  the  same  time,  -working  his  treddles  -with  lus  feet,  as  in  any  other  loom. 
The  treddles  are  four  in  number,  the  fabric  being  that  of  j^in  or  alternate  doth,  and 
two  treddles  allotted  for  each  web.  The  harness  part  of  the  carpet  draw-loom  ia 
furnished  with  TnaiU^  or  metallic  eyes,  to  save  friction ;  two  threads  being  drawn 
through  each  eye.  The  design  or  pattern  of  a  carpet  is  drawn  upon  cross-rule  paper, 
exactly  in  the  same  way  as  every  other  kind  of  fancy-loom  work,  and  is  traniaerred 
from  the  paper  to  the  mounting  by  the  rules  for  damask  weaving.  Suppose  that  a 
double  web  is  so  mounted  that  every  alternate  thread  of  the  one  may  be  raised,  so  as 
to  form  a  sufficient  shed-way  for  the  shuttle,  without  depressing  the  other  in  the  least : 
then  suppose  another  web  placed  upon  the  former,  at  such  a  distance  that  it  will 
exactly  touch  the  convexity  of  those  threads  of  the  former  which  are  raised.  Then,  if 
the  threads  of  the  latter  web  are  sunk  while  the  others  are  raised,  the  two  would  be 
entirely  incorporated ;  but  if  this  be  only  partially  done,  that  is,  at  particular  places, 
only  those  parts  immediately  operated  upon  will  be  affected  by  the  action  of  the  ap- 
paratus, if  the  carpet  is  a  two-coloured  pattern,  as  blade  and  red,  and  if  upoD  the 
upper  surface,  as  extended  in  the  loom,  red  flowers  are  to  be  represented  upon  a  black 
ground,  then  all  those  spedes  of  design  paper  which  are  coloured  may  be  supposed  to 
represent  the  red,  and  those  which  are  vacant  the  black.  Then  counting  me  spaces 
upon  the  paper,  omit  those  which  are  vacant,  and  oord  ^090  wl^ch  are  coloured,  and 
the  effect  will  be  produced.  But  as  the  two  webs  are  to  be  raisixl  altematdy,  what- 
ever is  corded  for  the  first  handle  most  be  paraed  by  for  the  seoood,  and  piee  venA,  so 
that  the  one  will  form  the  flower,  and  the  other  the  ground. 

The  board  by  which  the  simples  are  regulated  appears  at  f.     d  shows  the  weights. 

Mr.  flimcox,  of  Kidderminster,  has  patented  an  invention  for  an  improved  manu- 
facture of  carpets,  in  which,  by  d^pensing  with  the  Jaoquard  loom,  as  well  as  the  iron 
wires  and  tags  usually  employed  to  produce  teny  ttAxaeB,  such  as  Brussels  carpets  and 
coach-lace,  he  can  work  his  machinery  at  greater  speed  and  more  economically.  His 
second  improvement  relates  to  the  manufacture  of  fi^brics  with  cut  pile,  such  as  Wilton 
or  Axminster  carijets.  He  makes  a  ribbed  fabric,  greatly  resembling  the  Brussels 
carpet,  bv  a  combination  of  woollen  and  linen  warp  and  weft,  arrai^ed  in  sudi  a 
manner  that  the  wodlen  warp  in  the  form  of  a  ribbed  surface  may  constitute  the  face 
of  the  fabric,  while  the  linen  warp  forms  the  ground  or  bade  oi  the  fabric  The  plan 
he  prefers,  as  most  resembling  the  Brussels,  consists  in  weaving  the  fabric  as  nearly 
as  possible  in  the  ordinary  way,  except  that,  instead  of  inserting  a  tag  or  wire  to  form 
the  rib  or  terry,  the  patentee  throws  in  a  thidc  shoot  or  weft  of  wooll^  or  cotton,  over 
which  the  woollen  warp  is  drawn,  and  forms  a  rib ;  the  woollen  warp  bdng  afterwards 
bound  down  with  a  unen  shoot  or  weft  in  the  ordinary  way.  ^e  woollen  warp 
employed  being  all  of  one  colour,  the  fabric  produced  will  be  plain  or  nnomamented, 
with  a  looped  or  terry  pile ;  and  upon  this  fabric  any  design  may  be  printed  from 
blocks. 

The  looms  differ  from  the  former  chiefly  in  the  employment  of  two  separata  shuttles, 
one  for  the  woollen  and  one  for  the  linen  weft.  These  shuttles  are  both  thrown  by  the 
same  pickers  and  the  same  picking-sticks,  and  consequently  the  shuttle  boxes  must  be 
moved  up  and  down  as  may  be  required,  in  order  to  allow  the  picker  to  throw  the 
proper  shuttle.  It  will  also  be  necessary  to  work  the  healds  in  a  suitable  manner  to 
form  the  proper  shreds,  in  order  that  the  woollen  face  may  be  properly  bound  to  the 
linen  ground.  • 

The  second  part  of  his  invention  relates  to  the  production  of  fabrics  with  a  cut  pile, 
like  the  Axminster  or  Wilton  rugs  or  carpets.  The  ordinary  mode  of  making  some 
of  these  fabrics  is  to  weave  the  pattern  in  by  means  of  a  Jaoquard  apparatus,  and  pass 
the  woollen  warp  over  a  rod  or  tag,  which  is  afterwards  cut  bypassing  a  suitable  Imife 
along  it,  thereby  producing  the  cut  pile.  The  patentee  produces  the&sign  and  surface 
of  the  fabric  from  the  weft  in  place  of  the  warp  as  heretofore.  For  this  purpose  the 
weft  is  made  to  consist  of  thidc  woollen  shoots,  i^di  must  be  printed  or  stained 
with  suitable  colours,  predsely  as  the  woollen  warps  have  been  heratofore  done;  and 
the  woollen  shoot,  when  thrown  in,  is,  by  means  of  suitably  formed  hooks,  pulled 
up  and  turned  into  loops,  which,  when  they  are  properly  secured  to  the  founoation 
or  ground  of  the  fabric,  are  afterwards  cut  by  means  of  knives  or  cutting  instruments, 
with  which  the  hooks  are  furnished,  for  the  purpose  of  releasing  them  from  the 
loops  and  producing  the  cut  pile.  The  patentee  observes,  that  cotton  and  other  cheap 
materials  may  be  employed  with  great  advantage  in  the  production  of  some  of  these 
fabrics. 

Another  invention  of  improvements  in  manufacturing  figured  fabrics,  prindpally 
designed  for  the  production  of  cfLipet^, .  patented  by  Mr.  Jamps  TemplfllQii,  ^, 


Digitized  by  VjOOQIC 


CARTHAMUS;  735 

GUugow,  oonsists  in  producing  the  pattern  either  on  one  or  both  Bides  of  the  fabric, . 
by  means  of  printed  weft ;  alo)  in  the  use  of  printed  party-coloured  fur  or  weft,  in  the . 
manufacture  of  Azminster  carpets  and  other  similar  fabrics.  This  invention  is  also 
applicable  to  the  production  of  figured  chenille  weft  for  the  manufacture  of  chenille 
Bbawls. — Under  the  arran^ments  of  the  Patent  Office  the  specifications  of  these 
patents  are  cheaply  obtained. 

Carpets,  Fbiktbd.  Mr.  Wood  has  taken  out  a  patent  for  weaving  and  printing  carpets, 
using  an  ordinary  Brussels  carpet  loom.  After  putting  in  the  wire,  or  otherwise  form- 
ing ue  loop,  he  throws  in  the  usual  linen  shoot,  on  the  face,  to  bind  it ;  and  then,  for 
the  back  shoot,  he  throws  in  a  thick  soft  wefi^  Or,  to  make  a  better  edge  and  more 
elastic  bade,  he  employs  the  ordinary  two  linen  shoots, — one  on  tiie  face,  and  the  other 
in  the  back,^and  then  (or  before  tlucowing  in  the  second  linen  shoot)  he  draws  down 
onlv  one-half  of  the  lower  portion  of  the  Imen  warp  (being  one-quarter  of  the  whole), 
and  throws  in  the  thick  shoot  whidi  is  driven  up  by  the  batten  or  lay,  so  as  to  cover 
the  second  Hnen  shoot,  which  is  then  inside  the  fabric :  from  the  thick  shoot  being  bound 
only  by  each  alternate  yam  of  the  warp,  it  will  be  more  elastic  than  if  bound  more 
closely  by  using  every  yam ;  while  the  second  linen  shoot,  having  half  the  warp  over  it» 
holds  down  the  face  or  first  shoot;  and  any  inequality  in  the  taking  up  of  the  linen 
waip  by  one  portion  cf  it  binding  in  a  greater  substance  than  the  other,  is  remedied 
by  wiwin^  down  the  diflerent  portions  in  succession. 

In  printmg  Brussels  and  other  pile  carpets,  the  patentee  first  provides  a  table,  lonff 
enougn  to  receive  the  entire  length  or  piece  of  the  carpet  to  be  printed :  at  each  end 
of  the  table  there  is  a  fi»me  of  the  smne  height  or  level,  sufficiently  long  to  receive  the 
cylindcor  printing-machine  when  off  the  &bric;  and  on  the  surface  of  the  table  the 
printing  blanket  is  laid  between  two  rails  or  guides,  which  are  fixed  at  exactly  the 
same  distance  apart  as  the  carpet  is  wide,  so  as  to  keep  it  in  one  position,  and  to  form 
the  guides  for  the  printing  cylinders.  The  carpet  is  fastened  to  one  end  of  the  table, 
and  is  then  laid  on  the  top  of  the  same,  and  drawn  tight  at  the  other  end  by  a  roller, 
whidi  is  fdmished  with  a  ratchet  wheel  and  didL  The  printing  cybnders  are 
moimted  in  a  moveable  frame,  containing  a  corresponding  number  of  colour  cans  and 
fidediuR  rollers,  to  snppfy  them  with  colour.  The  printing  apparatus  is  passed  over 
the  table,  and  between  tiie  guide  rails  (the  patterns  on  the  i^lmder  being  coloured,  and 
bearing  upon  the  carpet),  to  the  fi»me  at  ue  otlier  end  of  the  table,  and  then  back 
again ;  and  this  process  is  repeated  until  the  fabric  is  suffidentiy  coloured.  In  coder 
to  insure  each  part  of  the  pattern  or  printing  surface  coming  again  and  again  on  the 
same  place,  toothed  wheds  are  affixed  on  the  axis  of  the  printing  qrlinders,  which 
gear  into  racks  fixed  on  the  sides  of  the  table ;  so  that,  however  frequently  the  printing 
apparatus  passes  over  the  fabric,  every  part  of  the  pattern  will  fall  on  the  same  place. 
Instead  of  the  printing  apparatus  being  passed  back  again  over  the  same  table,  it  may, 
by  the  application  of  moveable  fhimes  at  the  end  of  the  table,  be  moved  sideways  on  to 
another  table,  and  so  successively.    See  Bugs. 

OAXFBOXdTB.  A  silicate  of  manganese,  alumina,  and  iron,  found  in  the  tin- 
mines  of  Schlackenwald  in  Bdiemia. 

OAXVMSAaUi.  The  name  of  a  coarse  cloth  which  used  to  be  manufactured  in 
the  l^orth  of  England. 

O  limB  A  qMIW.    Chondruaeriapus:  Indimoea.    SeeAxax, 

O II WU  A  QMWMTMm  The  mucilaginous  constituent  of  cacrageen  moss.  It  is 
called  by  some  writers  veaetdbU  jtiiy  or  vegetable  nmeUage^  by  others  pectin,  '  It 
af^tears  to  me  (Pereira)  to  be  a  peculiar  modification  of  mudlage.' 

CAXBAXA  HffAF,1iTt».  A  fine-grained  white  marble  laigely  quarried  at 
Carrara  in  Tuscany,  and  valued  as  a  statuary  marble. 

•  OJkXBOX&ira.    A  sulphide  of  cobalt  and  copper.    Brush  regards  the  mineral 
as  cobaltic  pyrites  in  which  a  portion  of  the  cobalt  is  replaced  by  copper. 

OAJtTKAMUS,  or  SafflotBer,  (Carthame,  Fr.  ;  Farberdietel,  Ger.)  Car- 
thamue  anctoriuSf  the  flower  of  which  alone  is  used  in  dyeing,  is  an  annual  }^nt 
cultivated  in  Spain,  Eigypt,  and  the  Levant  There  are  two  varieties  of  it — one  which 
has  large  leaves,  and  the  other  smaller  ones.  It  is  the  latter  which  is  cultivated  in 
'Egypt,  where  it  forms  a  considerable  article  of  commerce. 

Oarthamus  contains  two  colouring  matters,  one  yellow  and  the  other  red.  The  first 
alone  is  soluble  in  water:  its  solution  is  always  turbid;  with  reagents  it  exhibits  the 
characters  usually  remarked  in  yellow  colouring  matters.  The  acids  render  it  lighter, 
the  alkalis  deepen  it,  giving  it  more  of  an  orange  hue ;  both  produce  a  small  dun  pre- 
cipitate, in  consequence  of  which  it  becomes  dearer.  Alum  forms  a  predpitate  of  a 
deep  yellow,  in  small  quantity.  The  solution  of  tin  and  other  metallic  sdutions  cause 
predpitates  which  have  nothing  remarkable  in  them. 

The  yellow  matter  of  carthamus  is  not  employed ;  but  in  order  to  extract  this  por- 
tion, the  carthamus  is  put  into  a  bag,  which  is  trodden  under  water,  till  no  mote 
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ooloar  can  be  pressed  ont    The  flowers,  which  were  yellow,  become  reddish,  and 
lose  in  this  operation  nearly  one-half  of  their  weight.    In  this  state  thej  are  used. 

For  extracting  the  red  part  of  oarthamns,  or  carthamic  acid,  and  afterwards  applyiog 
it  to  stufi^  the  property  which  alkalis  possess  of  dissdving  it  is  had  reconrseto/andit 
is  precipitated  by  an  add. 

The  process  of  dyeing  consisU,  therefore,  in  extracting  the  colouring  matter  by 
means  of  an  alkali,  and  precipitating  it  on  the  staff  by  means  of  an  acid. 

This  solution  of  carthamus  is  prepared  with  ciystdUised  carbonate  of  soda,  and  it  is 
precipitated  by  lemon-juice.  It  has  been  remarked  that  lemons  beginning  to  spoil 
are  fitter  for  this  operation  than  those  which  are  less  ripe,  whose  juice  retains  mudi 
mucilage.  After  squeezing  out  the  lemon-juice,  it  is  left  to  settle  for  some  days. 
The  predpitate  of  carthamus  is  dried  at  a  gentle  heat  upon  plates  of  stone-ware ; 
fh>m  which  it  is  detached  apd  veiy  carefully  ground  with  talc  which  has  been  reduced 
to  a  very  subtle  powder  by  means  of  the  leayes  of  share-grass  (preaU),  and  suooes- 
siTcly  passed  through  sieyee  of  increasing  fineness.  It  is  the  fineness  of  the  talc,  aud 
the  greater  or  less  proportion  which  it  bears  to  the  carthamus  predpitate,  which  con- 
stitute the  difference  between  the  high-  and  low-priced  safflower  rouges. 

Carthamus  is  used  for  clydng  silk,  poppy,  nacarat  (a  bright  oranp^-red),  cheny, 
rose-colour,  and  fiesh-coloar.  The  process  oififers  according  to  the  mtendty  of  the 
colour,  and  the  greater  or  less  teudemnr  to  flame-colour  that  is  wanted.  But  the  car- 
thamus-bath,  whose  application  should  be  yaried,  is  prepared  as  fdlows : — 

^e  carthamus,  from  which  the  yellow  matter  has  been  extracted,  and  whose  lumps 
haye  been  broken  down,  is  put  into  a  trough.  It  is  repeatedly  sprinkled  with  crude 
pearl-ashes  or  soda,  well  powdered  and  siftsd,  at  the  rate  of  6  lbs.  for  120  lbs.  of  car- 
thamus ;  but  soda  is  prefeirred,  mixing  carefully  as  the  alkali  is  introduced.  This 
operation  is  called  ameitrer.  The  amekred  carthamus  is  put  into  a  small  trough  with 
a  grated  bottom,  flrst  lining  this  trou^  with  a  dosely-woyen  web.  When  it  is  about 
half  filled,  it  is  placed  oyer  a  lai^  trough,  and  cold  water  is  poured  into  the 
upper  one  till  the  lower  one  becomes  fuU.  ^e  carthamus  is  then  set  over  another 
trough  till  the  water  comes  fifom  it  almost  colourless.  A  little  more  alkali  is  now 
mix^  with  it,  and  fresh  water  is  passed  through  it.  These  operations  are  repeatod 
till  the  carthamus  be  exhausted,  when  it  turns  yellow. 

Ai^r  distributing  the  silk  in  hanks  upon  the  rods,  lemon-juice,  brought  in  casks 
ttom  Provence,  is  poured  into  the  bath  till  it  becomes  of  a  fine  cherzy-oolour ;  this  is 
called  turning  the  bath.  It  is  well  stirred,  and  the  silk  is  immersed  and  turned  round 
the  skein-8ti&  in  the  bath,  as  long  as  it  is  percdved  to  take  up  the  ooloar.  For 
ponceau  (poppy-colour),  it  is  withdrawn,  the  liquor  is  run  out  of  it  upon  the  peg,  and 
It  is  turuM  throu^  a  new  bath,  w^iere  it  is  treated  as  in  the  first.  After  th^  it  is 
dried  and  passed  through  fresh  baths,  continuing  to  wash  and  drv  it  between  eadi 
operation,  till  it  has  acquired  the  dejith  of  colour  that  is  desired.  When  it  has  readied 
the  proper  point,  a  brightening  is  given  it  by  turning  it  round  the  sticks  seven  or 
eight  times  in  a  bath  of  hot  water,  to  ii^iidi  about  half  a  pint  of  lemon-juice  for  each 
pailM  of  water  has  been  added. 

When  silk  is  to  be  dyed  ponceau^  or  poppy-odour  it  must  be  previously  boiled  as 
for  wMte ;  it  must  then  receiye  a  dight  foundation  of  amatto,  as  explained  in  treating 
of  that  substance.    The  silk  should  not  be  alumed. 

The  nacarats,  and  th&deep  cherry-colours,  are  given  precisdv  like  the  poneeaiue, 
only  Uiey  recdye  no  amatto  ground ;  and  ba^ths  may  be  employed  which  have  served 
for  the  ponceau,  so  as  to  complete  their  exhaustion.  F^esh  baths  are  not  made  for  the 
latter  colours,  unless  there  be  no  occadon  for  the  poppy. 

With  regard  to  the  lighter  cherry-reds,  rose-colour  of  all  shades,  and  fiesh-coloors, 
they  are  nukde  with  the  second  and  last  runnings  of  the  carthamus,  whidi  are  weaker. 
The  deepest  shades  are  passed  through  first 

The  lightest  of  all  these  shades,  which  is  an  extremely  ddicate  fiesh-coloar,  xe- 
quifts  a  little  soap  to  be  put  into  the  bath.  This  soap  lightens  the  odour,  and  pre- 
vents it  from  taking  too  speediljr,  and  becoming  uneven*  The  dlk  is  then  washed, 
and  a  little  brightening  is  given  it  in  a  bath  which  has  served  for  the  deeper  colours. 

All  these  baths  are  employed  the  moment  they  are  made,  or  as  speedily  as  posnble, 
because  they  lose  much  of  their  colour  upon  keeping,  by  which  they  are  even  entirely 
destroyed  at  the  end  of  a  certain  time.  They  are,  moreover,  used  cold,  to  prevent  the 
colour  from  being  injured.  It  must  have  been  remarked,  in  the  experiments  just  de- 
scribed, that  the  caustic  alkalis  attadc  the  extremely  delicate  colour  of  carthamus, 
maldng  it  pass  to  yellow.  This  is  the  reason  why  crystals  of  soda  are  preferred  to  the 
other  alkaline  matters. 

In  order  to  diminish  the  expense  of  the  carthamus,  it  is  the  practice  in  preparing 
the  deeper  shades  to  mingle  with  the  first  and  the  second  bath  about  one-fifth  of  the 
bath  of  archil. 
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Bobermner  regarded  the  red  colouring  matter  of  carthamns  as  an  add,  and  the  yellow 
as  a  base.  His  carthamic  add  forms,  with  the  alkalis,  colourless  salts,  decomposed 
by  the  tartaric  and  acetic  adds,  which  predpitate  the  add  of  a  bright  rose-red.  Heat 
has  a  remarkable^  influence  upon  carthamus,  rendering  its  red  colour  yellow  and  dull. 
Hence,  the  colder  the  water  is  by  which  it  is  extracted,  the  finer  is  the  colour. 
Light  destroys  the  colour  very  rapidly,  and  hitherto  no  means  have  been  found  of 
counteracting  this  effect  For  this  reason  this  brilliant  oobur  must  be  dried  in  the 
shade,  its  dye  must  be  given  in  a  shadv  place,  and  the  silk  stufb  djred  with  it  must  be 
preserved  as  much  as  possible  &om  the  light.  Age  is  nearly  as  izgurions  as  light, 
especially  upon  the  dye  in  a  damp  state.  The  colour  is  very  dear :  a  thousand  parts 
of  carthamus  contain  only  five  ptuts  of  carthamine. 

In  preparing  the  finest  rou^  the  yellow  colouring  matter  having  been  separated  by 
washing  with  water,  the  red  is  dissolved  by  the  aid  of  alkali,  and  is  thrown  down  on 
linen  or  cotton  rags,  by  saturating  the  solution  with  vegetable  add.  The  colour  is 
rinsed  out  of  these  rags,  dissolvS  anew  in  alkalis,  and  once  more  predpitated  by 
lemon-juice. .  The  beet  and  freshest  carthamus  must  be  selected.  It  is  put  into  linen 
bags,  which  are  placed  in  a  stream  of  water,  and  kneaded  till  the  water  runs  off  colour- 
less. The  bags  are  then  put  into  water  soured  with  a  little  vinegar,  kneaded  till  the 
colour  is  all  expelled,  ana  finally  rinsed  in  running  water. 

There  is  a  considerable  consumption  of  safflower  in  the  manufSacture  of  rouge,  for 
which  there  is  a  feur  greater  demand  than  is  generally  supposed,  this  colour  being 
employed  not  only  as  a  *  toilet  appendage '  of  the  munde^  but  for  theatrical  use. 

Kouge  consists  of  carthamine  and  very  fine  burnt  talc  made  into  a  paste  with  water. 
It  is  made  of  five  regular  shades,  known  as  Nos.  6,  8,  12,  18,  24,  varying  in  depth  of 
colour  as  the  numbers  increase ;  Nos.  6  and  8  are  used  by  fsdr  beauties,  No.  12  is 
medium,  while  Nos.  18  and  24  are  for  dark  complexions. 

Pink  saucers,  formerly  in  great  request  for  dyeing  silk  stoddngs  at  home,  and  even 
now  not  wholly  unknown  to  trade,  condst  of  a  shsdlow  porcelain  saucer  into  which  a 
film  of  carthamine  has  been  allowed  to  predpitate,  and  then  is  dried.  The  Chinese  make 
a  '  Book  Bouge  *  in  a  somewhat  similar  way ;  a  very  strong  solution  of  the  carthamine  is 
brushed  over  a  cardboard,  which  when  diy  'is  fit  for  ladies'  use.'  The  card  is,  how- 
ever, no  longer  pink  or  red,  but  of  a  beautiful  metallic  green  colour  due  to  son^e 
spedal  optical  reason  not  yet  explained ;  the  pink  saucers  made  in  England  exhibit  in 
a  very  slight  degree  the  same  effect,  which  the  sur&ce  of  indigo  also  in  some 
measure  resembles. 

Carthamus  is  Uie  material  used  for  dyeing  ordinary  red  tape,  and  there  is  a  curious 
prejudice  against  using  other  colours  for  this  purpose,  the  trade  objecting  to  any 
deviation  from  the  conventional  shade. 

Salv^tat  has  found  it  advantageous  to  mix  the  red  of  safflower  with  the  pigments 
used  in  porcelain  painting  for  purple,  carmine,  and  violet,  colours  which,  m  conse- 
quence of  the  difference  of  their  shade  before  and  after  firing,  are  very  liable  to  mis- 
lead. To  avoid  this,  he  imparts  to  the  pigment  (consisting  of  fiux,  gold-purple,  and 
chloride  of  silver)  by  means  of  the  red  of  carthamus  suspended  in  water,  the  same 
shade  which  he  desires  to  obtain  after  firing. 

The  colouring  matter  of  safflower  has  been  examined  hy  Salv^tat,  who  has  found 
much  difference  in  carthamus  of  reputed  good  quality.  The  following  Table  gives 
some  of  his  results : — 


Water       .       .       ... 

1 

2 

8 

4 

60 

11-5 

4*5 

4-8 

Albumen 

8-8 

4-0 

8-0 

1-7 

Yellow  colouring  matter,  a        *        .        , 

27-0 

30-0 

300 

261 

i»           i»             „      5        .        .        . 

8-0 

4-0 

6-0 

2-1 

6-0 

4-0 

6-0 

41 

Waxy  matter 

1-0 

0-8 

1-2 

1-6 

Carthamine 

0-6 

0-4 

0-4 

0-6 

Woody  fibre 

50-4 

4177 

88-4 

66*0 

Silica 

20 

1-6 

8-6 

10 

Sesquioxide  of  iron  and  alumina 

0-6 

0-1 

1-6 

0*6 

„          „  manganese  .... 

01 

0-1 

0-8 

CJASTOir  yXXBKB.  A  compodtion  of  paper  mixed  with  whiting  or  glue  for 
imitating  stone  or  bronze.    See  Papier  Machb. 

OA&UTO.  The  fruit  of  the  Gmipa  Americana,  a  native  plant  of  British  Guiana, 
yields  the  dye  to  which  this  name  is  given.    It  is  of  a  beauti^  bluish-black  colour. 

Vol.  L  SB 
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wa  BTlCJLOSnnntT  is  an  art  of  oompai&tiTelj  modem  date,  neariy, 

if  not  the  whole  of  the  originators  and  improvers  of  it,  being  men  of  the  present 
day.  It  is  tme  that  the  Medallion  Lathe  and  many  other  appliances  for  ornamental 
turning  and  drilling  can  daim  a  mnch  earlier  origin,  but  these  can  scaioehr  be  called 
carving  machines,  and  are  altogether  in^pable  ^  aiding  the  economy  of  producing 
architectural  deoorations  of  any  kind.  We  are  not  aware  of  any  pnustical  scheme 
for  accomplishing  this  object  prior  to  the  patent  of  Mr.  Jos^  Gibbs,  in  1829, 
which  we  oelieve  was  usea  by  Mr.  Nash  in  ornamenting  some  ox  the  floors  of  Buck- 
ingham Palace,  and  on  many  other  works  of  inlaying  and  tracery.  The  cuttiiig  of 
ornamental  forms  in  low  reUef  seems  to  have  been  the  princi|»l  object  of  the  in- 
ventor ;  and  this  he  accomplished  satisfeustorily  bv  a  series  of  ingenious  meohaniwil 
arrangements,  which  greatly  reduced  the  cost,  while  securing  unusual  accuracy  in 
this  kind  of  work.  Some  modifications  of  machinery  for  copying  busts,  bosses,  and 
other  works  in  bold  relief  are  also  described  in  Mr.  Gibbs's  patents,  but  these  were 
never  carried  into  snccessful  practice.  The  tracery  and  inlaying  machine  is  illus- 
trated by  Jiff,  485,  which  is  a  plan  chT  the  machine.  ▲  is  a  shaft  capable  of  vertical 
motion  m  its  beudngs,  which  are  in  the. fixed  framing  of  the  machine;  b,  c,  and 
D,  B,  are  swing  ficames  Jointed  together  by  a  short  vertical  shaft  a,  and  securely 
keyed  to  the^aft  a.    The  point  6  is  the  axis  of  a  revolving  tool,  which  ia  driven 


by  the  belts  e,  d,  e,  and  the  compound  pullies  /,  g,  h,  which  increase  the  speed  at  eadi 
step ;  F,  a,  h,  is  l^e  table  on  which  the  work  is  fixed ;  i,  x,  the  work ;  and  A^  /,  a  templet 
of  brass  pierced  with  the  horizontal  form  of  the  pattern  to  be  Reduced  in  the  wood ; 
this  templet  is  securely  fixed  on  Uie  top  of  the  work,  at  over  it,  and  the  machine  is 
a^jnsted  for  action. 

There  is  a  treadle,  not  shown  in  the  figure,  which  enables  the  workman  to  lift  or 
depress  the  shaft  a,  and  the  swing  firames  and  tool  attaehed  to  it ;  he  can  thus  com- 
mand the  vertical  position  of  the  tool  with  his  foot,  and  its  horizontal  position  with 
his  hand  by  the  handles  m,  n,  which  turn  freely  on  a  collar  of  the  swing  firame 
surrounding  the  mandril  or  tool  holder.  The  tool  having  been  brought  over  one  of 
the  apertufes  of  the  templet  when  in  rapid  action,  is  allowed  to  sink  to  a  proper 
depth  in  the  wood  underneath,  and  the  smooth  part  of  its  shaft  is  then  kept  in  contact 
with  the  guiding  edges  of  the  templet  and  passed  round  and  over  the  entire  8nrfeM» 
of  the  figure,  until  a  recess  of  tho  exact  size  and  form  of  that  opening  in  the  temp- 
let ia  produced ;  this  process  is  repeated  for  every  other  opening,  and  uius  a  series  of 
recesses  are  formed  in  the  oak  fiooring-planks  which  correspond  with  the  design  of 
the  templets  used.    To  complete  the  work  it  is  requisite  to  cut  ont  of  soma  darker 
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or  di£fereiitly  cdonred  material  a  niimber  of  thin  pieces  which  vill  fit  these  recessed^ 
and  these  are  produced  in  the  same  way  from  templets  which  will  fit  the  yarious 
apertures  of  that  first  used ;  these  pieces  are  next  glued  into  the  recesses,  and  the 
surface  when  planed  and  polished  ^hibits  the  pattern  in  the  Tarious  colours  used. 
For  InlaTing  it  is  important  that  the  cutting  edge  of  the  tool  should  travel  in  the 
same  radius  as  the  cylindrical  shaft,  which  is  kept  against  the  edge  of  the  templet ; 
but  if  the  tool  is  a  moulded  one,  a  counterpart  of  its  mouldings  will  be  product  in 
the  work,  while  the  pattern,  in  planes  parallel  to  that'of  the  po^,  will  haye  the  form 
of  the  apertures  in  toe  templet  used.  In  this  way,  by  great  care  in  the  pre^Mration 
of  the  templehf  and  the  tools,  much  of  the  goUuo  tracenr  used  in  church  architecture 
may  be  produced,  but  the  process  is  more  applicable  to  Bath  stone  than  to  wood  idien 
moulded  tools  are  requisite. 

Mti  Irving^s  patents  for  cutting  ornamental  forms  in  wood  and  stone  are  identical 
in  principles  of  action  and  in  all  important  points  of  construction  with  the  arrange* 
ments  previously  described.  -  In  that  of  1848  he  particularly  daims  all  combinations 
for  accomplishing  the  purpose,  *  provided  the  swing  frame  which  carries  the  cutter, 
and  also  tne  table  on  which  the  article  to  be  wrought  is  placed,  have  both  the  means 
*of  circular  motion.'  The  pierced  templet  is  the  guiding  power,  and  the  work  and 
templet  are  fixed  on  a  circular  iron  table,  which  is  at  liberty  to  revolve  on  its  axis. 
The  swing  frame  which  carries  the  cutter  is  single,  as  in  Mr.  Gibbs's  curved  moulding 
machine,  and  its  radius  so  adjusted,  that  an  arc  drawn  by  the  tool  would  pass  over 
the  centre  of  the  circular  table.  The  mode  of  operating  with  this  machine  was  to 
keep  the  shaft  of  the  tool  against  the  guiding  edge  of  the  templet,  by  the  joint  move- 
ments of  the  table  on  its  centre,  and  of  the  swing  frame  about  its  shaft ;  and  it  will 
be  obvious  that  by  this  means  any  point  of  the  table  could  be  reached  by  the  tool,  and 
therefore  any  pattern  of  moulded  work  within  its  range  produced,  in  the  way  already 
described  in  speaking  of  Mr.  Gibbs's  machinery.  But  as  these  modifications  of  the 
original  idea  are  not,  strictly  speaking,  carving  machines,  seeing  that  tJiey  only  pro- 
duced curved  mouldings,  we  need  not  further  describe  them. 

Perhaps  the  most  perfect  carving  machine  which  has  been  made  for  strictly  artistic 
works  is  that  used  by  Mr.  CheverUm  for  obtaining  his  admirable  miniature  reduc- 
tions of  life-sized  statuary ;  but  we  can  only  jud^  of  the  perfection  of  this  machine 
by  its  work,  seeing  that  the  inventor  has  more  feuth  in  seoreoy  than  pateiUt,  and  has 
not  made  it  pubkc 

The  carving  machinery  which  is  best  known,  and  has  been  most  extensively  used, 
is  that  invented  by  Mr.  Jordan  and  patented  in  1845,  and  was  used  in  producing  the 
carved  decorations  of  the  interior  of  tne  Houses  of  Parliament. 

Its  principle  of  action  and  its  construction  are  widely  different  from  that  above 
described,  and  it  is  capable  of  copying  anv  carved  design  which  can  be  produced,  so 
far  as  that  is  possible  by  revolving  tools ;  the  smoothness  of  surfetoe  and  sharpness  of 
finish  is  neither  possible  nor  desirable,  because  a  keen  edge  guided  by  a  practised 
hand  will  not  only  produce  a  better  finish,  but  it  will  accomplish  this  part  of  flie  work 
at  less  cost ;  the  oidy  object  of  using  machinery  is  to  lessen  the  cost  of  production,  or 
to  save  time ;  and  in  approaching  towards  the  finish  of  a  piece  of  carving,  there  is  a 
time  when  further  progress  of  the  work  on  the  machine  would  be  more  expensive 
than  to  finish  it  by  hand.  This  arises  from  the  necessity  of  using  smaller  tools 
towards  the  finish  of  the  work  to  penetrate  into  its  sharp  recesses,  and  the  neces- 
sarily slow  rate  at  which  these  cut  away  the  material ;  it  is  consequently  a  matter  of 
commercial  calculation,  how  far  it  is  desirable  to  finish  on  the  machine,  and  when  to 
deliver  it  into  the  hands  of  the  artist,  so  as  to  secure  the  greatest  economy.  This 
depends  in  a  great  measure  on  the  hardness  of  the  material ;  rosewood,  ebony,  box, 
ivory,  and  statuary  marble,  should  be  wrought  very  nearly  to  a  finish ;  but  lime,  deal, 
and  other  soft  woods  should  only  be  roughly  pointed. 

Fig,  436  is  a  plan  of  the  machine,  fig.  487  a  front  elevation,  and  fig,  438  a  nda 
elevation.  The  same  letters  indicate  the  same  parts  in  all  the  figures.  The  carving 
machine  consists  of  two  distinct  parts,  each  having  its  own  peculiar  motions  quite  in- 
dependent of  tJie  other,  but  each  capable  of  acting  simultaneously  and  in  unison  with 
the  other.  The  first,  or  horizontal  part,  is  the  bed  plate,  'floating-table,'  &e.,  on 
which  t^e  pattern  and  work  are  fixed ;  all  the  motions  of  this  part  are  hoziflaBtaL 
The  second,  or  vertical  part,  is  that  wliich  carries  the  cutters  and  tracer,  the  onty 
motion  of  which,  except  the  revolution  of  the  tools,  is  vertical. 

The  horizontal  part  consbts  of  three  castings :  The  bed  plate  a,  b,  o,  B,  which  is 
a  railway  supported  on  piers  from  the  fioor  and  fixed  strictly  level.  The  carrying 
fiame,  i,  j,  x,  l,  mounted  on  wheels  and  travelling  on  the  bed  plate  (the  long  sides  5. 
this  frame  are  planed  into  (v)  rails),  and  the  *  fioating-table,'  m,  n,  o,  p,  which  is  also 
mounted  on  wheels  to  travel  on  the  rails  of  the  carrying  frame.  It  is  called  the 
*  floadng-table '  because  it  can  be  moved  in  any  horizontal  direction  with  almoot  aa 

3b2 


Digitized  by  VjOOQIC 


740  CARVING  BY  MACHINERT 

much  facility  as  if  it  were  a  floating  body.  Primarily  this  table  has  two  stndg^ 
lined  motions  at  right  angles  to  each  other,  but  by  combination  of  these  it  may  move 
over  any  figure  in  a  horizontal  plane ;  and  because  this  is  accomplished  without  an- 
gular motion  about  a  centre,  eyery  point  in  the  surface  of  the  table  moves  through  the 
same  figure  at  the  same  time ;  hence  the  power  of  producing  many  copies  of  a  pattern 
simultaneously. 

The  second,  or  vertical  part  of  the  machine,  is  a  cast-iron  bridge  supported  on 
columns  across  the  centre  of  the  bed  plate ;  on  the  centre  of  this  bridge  piece  is  & 
wide  vertical  slide,  5,  6,  with  a  (t)  slotted  l^r  on  its  lower  edge ;  to  this  bar  the  man- 
dril heads  or  tool  holders,  9,  10,  11,  are  bolted,  at  such  distances  a^art  as  suit  the 
width  of  the  work  in  hand,  and  in  such  numbers  as  it  is  convenient  to  work  at  one  time. 
If  the  framing  of  the  machine  is  massive  and  well  fixed,  six  or  eight  narrow  peoes 
may  be  carved  at  once ;  but  if  the  width  of  the  work  is  equal  to  half  that  of  th&table^ 

436 


only  one  can  be  done,  as  in  that  cash  half  the  table  is  required  for  the  pattern.  The 
motion  of  the  vertical  slide  is  governed  by  the  workman's  foot  on  the  treadle,  R,  Q,  s ; 
at  8  balance-weights  are  placed,  so  as  to  adjust  the  force  with  which  the  tools  will 
descend  on  the  work ;  any  pressure  on  the  foot-board  b  lifts  the  slide,  and  with  it 
the  tools  and  tracing  point. 

Betumin^  to  the  horizontal  part  of  the  machine,  d,  «,/,  ^,  is  the  pattern  or  original 
carving  whidi  is  to  be  copied,  and  h,  i,j\  Ar,  two  copies  in  progress.  The  movements 
of  the  floating  table  are  managed  by  the  workman  with  the  hand-wheels  v,  t  ;  the 
lisft  hand,  on  v,  directs  the  lateral  motion  on  the  frame,  and  the  riflht»  on  y,  directs  the 
longitudinal  motion  on  the  bed  plate ;  the  left-hand  movement  is  communicated  by 
the  cord  x,  x,  which  is  fixed  to  brackets  w,  w,  underneath  the  table,  and  makes  one 
turn  round  a  small  pulley  on  the  axis  of  the  wheel  v.  The  right-hand  movement  is 
communicated  by  the  cord  z,  which  is  fastened  to  each  end  of  the  bed  plate,  and 
makes  one  or  two  tarns  round  the  pulley  k.    When  at  work,  the  man  stands  inside 
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tho  frame  of  the  bed  plate,  with  his  right  foot  on  the  board  b  and  his  hands  on  the 
steering  wheels ;  on  releasing  the  pressure  of  the  foot  the  vertical  slide  descends  by 
its  unbalanced  weight  until  the  tracer  h  comes  in  contact  with  the  pattern ;  the  cut- 
ters 9»,  m,  are  made  to  revolye  by  steam-power  at  the  rate  of  seven  thousand  times 
per  minute,  and  are  so  shaped  as  to  cut  like  a  revolving  gouge,  so  that  they  instantly 
cut  away  all  the  superfluous  material  they  come  in  contact  with ;  and,  by  the  time  ^e 
tracer  has  been  brought  over  every  part  of  the  pattern,  the  pieces  A,  9,^,  h  will  have 
become  exact  copies  of  it. 

So  far  as  panel  carving  is  concerned  the  whole  machine  has  been  described ;  but  it 
is  requisite  to  elaborate  its  construction  a  little  more  for  the  purpose  of  carving  on 
the  round,  and  copying  subjects  which  require  the  blocks  to  be  cut  into  in  all  possible 
directions.  Various  modifications  have  been  used,  but  we  shall  only  explain  that 
which  we  think  best  adapted  to  ornamental  carving.  It  is  not  requisite  that  we 
should  go  into  the  various  applications  of  this  machine,  to  the  manu&ctore  of  printing 
blocks,  ships'  blocks,  gunstocks,  letter  cutting,  tool  handling,  cabinet  shaping,  &c.  &c, 
all  of  which  have  been  shown  from  time  to  time  to  be  within  its  po-^er;  nor  is  it 
requisite  to  describe  more  recent  inventions  founded  on  it|  as  they  will  mwe  properly 
come  under  other  heads. 

When  the  machine  is  intended  to  copy  any  form  which  can  be  carved  by  hand,  the 
floating  table  is  differently  constructed,  but  all  other  parts  remain  as  before.  In  the 
floating  table  used  for  this  purpose,  there  is  an  opening  in  the  centre  of  the  table,  and  a 
turning  plate,  which  is  mounted  a  few  inches  above  the  level  of  the  table,  to  turn  in 
bearings  in  standards.  Underneath  the  turning  plate,  and  forming  a  part  of  it,  there 
IS  an  arc  of  rather  more  than  half  a  circle,  having  its  centre  in  the  axis  on  which  the 
plate  turns,  and  this  arc  is  cogged  on  its  edge  to  flt  the  threads  of  the  tangent  screw 
on  the  axis  of  the  wheel,  so  that  by  turning  this  wheel,  and  dropping  its  detent  into 
any  cog,  the  workman  can  flx  the  plate  at  any  angle  with  the  horizon.  Hiere  are 
three  chucks  fitted  into  sockets  of  the  turn  plate,  and  these  are  similarly  divided  on 
their  edges  by  holes  or  cogs,  into  which  detents  fall,  so  as  to  secure  them  steadily  in 
any  required  position. 

In  going  tlurough  the  process  the  workman  will,  of  course,  attack  the  work  when  it 
is  placed  in  a  favourable  position  for  the  tools  to  reach  a  large  portion  of  its  surface : 
and  having  completed  as  much  as  possible  on  that  face,  he  would  turn  all  the  diucks 
through  the  same  number  of  divisions ;  the  pattern  and  work  will  still  have  the  same 
relative  position  to  each  other  as  before,  but  an  entirely  new  fisuse  of  both  will  be  pre- 
sented to  the  tools ;  this  will  be  carved  in  like  manner,  and  then  another  similar 
change  made,  and  so  on  until  all  has  been  completed  which  can  be  reached  without 
changing  the  angular  position  of  the  turning  plate.  This  can  be  done  by  the  wheel, 
and  when  a  sufficient  number  of  these  changes  have  been  gone  through,  the  wodc  will 
be  complete  on  every  face,  although  the  block  may  have  required  to  be  pierced  through 
in  fifty  different  directions.— T.  B.  J. 

Notwithstanding  the  remarkable  ingenuity  displaced  in  the  construction  of  this 
carving  machine,  it  has  not  been  so  largely  used  as  might  have  been  expected.  In  all 
cases  where  repetitions  are  required  its  advantages  are  obvious,  yet  prejudice  appears 
to  have  stood  in  the  way  of  its  general  adoption. 

CA8C AXKO.  After  the  first  washing  of  sand  for  gold  there  is  a  deposit  left,  and 
this,  in  Brazil,  is  called  Cascalho.  The  name  is  also  given  to  the  alluvial  soil  in  which 
Brazil  diamonds  are  found. 

CASOasz&bA  BABX.  (Spanish,  Cascara,  bark.)  The  bark  of  Oroton  eUutheria 
and  C,  eascarUla^  both  of  which  slurubs  grow  in  the  West  Indies.  The  bark  possessing 
tonic  properties  is  used  medicinally. 

OASB-BA&BBinvO  is  the  name  of  the  process  by  which  iron  tools,  keys,  &o., 
have  their  surfsuses  converted  into  steeL 

Steel  when  very  hard  is  brittle,  and  iron  alone  is  for  many  purposes,  as  for  fine 
keys,  f&r  too  soft  It  is  therefore  an  important  desideratum  to  oombme  the  hudness 
of  a  steely  surface  with  the  toughness  of  an  iron  body.  These  requisites  are  united 
by  the  process  of  case-hardening,  which  does  not  dijQfer  from  the  making  of  steel, 
except  in  the  shorter  duration  of  the  process.  The  property  of  hardening  is  not 
possessed  by  pure  malleable  iron ;  but  b^  a  partial  process  of  cementation  the  iron  is 
converted  externally  into  steel,  and  is  subsequently  hardened  to  that  particular 
depth.  Tools,  utensils,  or  ornaments,  intended  to  be  polished,  are  first  manufactured 
in  iron,  and  nearly  finished,  after  which  they  are  put  into  an  iron  box,  together  with 
vegetable  or  animal  charcoal  in  powder,  and  cemented  for  a  certain  time.  Ttis 
treatment  converts  the  external  part  into  a  coating  of  steel,  idiich  is  usually  veiy 
thin,  because  the  time  allowed  for  the  cementation  is  much  shorter  than  when  the 
whole  mass  is  to  be  converted  into  steel.  Immersion  of  the  heated  pieces  in  water 
hardens  the  wax&nod,  which  is  afterwards  polished  by  the  usual  methods. 
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Wlien  tbe  oase-hardening  it  required  to  terminato  at  any  parttenlar  part,  as  a 
shoulder,  the  object  is  left  -with  a  band  or  projection ;  the  work  is  allowed  to  eod 
without  being  immersed  in  water ;  the  band  is  turned  ofl^  and  the  wodc,  when  hardened 
in  the  open  fire,  is  only  efibcted  as  fkr  as  the  original  cemented  sur&ce  remains.  This 
ingenious  method  was  introduced  by  Mr.  Roberts,  of  Manchester,  who  considers  the 
success  of  the  case-hardening  process  to  depend  on  the  gentle  application  of  the  heat; 
and  that,  by  proper  management  not  to  orerheatthe  work,  it  may  be  made  to  penetrate 
three-eightns  of  an  inch  in  four  or  fire  hours. — HoUeapffd, 

The  application  of  prussiate  (ferrocyanide)  of  potosh  to  this  purpose  is  a  very 
interesting  chemical  problem.  The  piece  of  iron,  after  being  polished,  is  to  be  made 
brightly  red-hot»  and  then  rubbed  or  sprinkled  oyer  wiUi  Uie  aboye  salt  in  fine 
powder,  upon  the  part  intended  to  be  hardened.  The  prussiate  being  decomposed, 
and  apparently  dissipated,  the  iron  is  to  be  quenched  in  cold  water.  &  the  process 
has  been  well  managed,  the  surface  of  the  metal  will  haye  become  so  hard  as  to  resist 
the  file.  It  has  been  proposed  to  smear  over  the  sur&oe  of  the  iron  with  loam  made 
into  a  thin  paste  with  a  strong  solution  of  the  prussiate,  to  dry  it  slowly,  then  expose 
the  whole  to  a  nearly  white  heat,  and  finally  plunge  the  whole  into  cold  water,  when 
the  heat  has  fallen  to  dull  redness.    See  Siiibl. 

OA8BXW  (from  CaseztSf  the  Latin  name  for  cheese).  The  prindpal  part  of  the 
mtrogenised  matters  contained  in  the  milk  of  mammiferous  animals  is  casein.  It 
farms  the  greatest  part  of  cheese.  It  is  coagulated  by  acids,  but  not  by  heat — ^in  this 
it  difibrs  from  either  fibrine  or  albumen ;  it  is  also  coagulated  by  rennet  as  in  the 
curding  of  milk.    See  Watts's  '  Dictionary  of  Chemistry.'  See  Rbnnbt. 

Oasein  is  used  by  the  calico-printer  as  a  mordant  With  lime  it  forms  a  good 
cement,  and  with  borax  it  has  been  used  as  a  substitute  fbr  0ue. 

OAMBWW  srVT.    The  fruit  of  the  Anaoardium  oed&iUak  of  the  West  Indies. 

See  ANACAHDItJM  NtJT. 

OASBBBUtB  or  OAC^BSaaOUB,  a  peculiar  textile  fiibrie  first  imported  from 
the  kingdom  of  Cashmere  (Kashmir),  and  now  well  imitated  in  France  and  Great 
Britain.  The  material  of  the  Cashmere  shawls  is  the  downy  wool  fbund  about  the 
roots  of  the  hair  of  the  Thibet  goat  The  Oriental  Cashmere  shawls  are  woyen  by 
processes  extremely  slow  and  consequently  costly,  whence  their  prices  are  yery  high. 

Prices  of  Cashmere  shawls  of  yarious  sorts  kindly  giyen  by  a  gentleman  who  has 
resided  at  Cashmere  for  many  years : — 

«  At. 

1.  Plain  pashmina,*  0  ft  square from    8    to     4  10 

2.  Pashmina,  deeply  embroidered „      7    h      0    0 

8.  Doshala,  or  long  and  wide  scarf  of  pashmina,  with  shawl- 

woriL  at  the  eo^  and  ends,  as  worn  by  the  natiyes  „    10    „    80    0 

4.  Square  shawl  (loom-made),  6  ft  square    .  .^    30    n    <^0    0 

5.  Long  shawl  (loom-made) h    60    „  120    0 

It  is  4  and  5  that  are  the  Cashmere  shawls  proper ;  the  most  usual  article  in  the 
European  market  is  a  long  shawl  costing  60^.  or  70/.  in  Cashmere. 

Finer  sorts  are  made  occasionally  (as  by  order  of  the  Maharaja  for  presents  to  the 
Queen),  whose  yalue  is  as  much  as  800/. 

The  finest  eyer  made  was  presented  by  the  Mahar^a  to  the  Duke  of  Edinburgh  at 
Lahore.  The  Duke  would  not  receive  it  for  himself,  but  for  the  Queen.  The  value  of 
this  was  at  least  as  much  as  6002. 

By  the  aid  of  the  draw-loom,  and  still  better  of  the  Jacquard  loom,  M.  Temaux 
first  succeeded  in  weaving  Cashmere  shawls  perfectly  similar  to  the  Oriental  in  ex- 
ternal aspect,  which  became  fashionable  under  the  name  of  Frendi  Cashmere.  But 
to  construct  shawls  altogether  identical  on  both  sides  with  the  Eastern  was  a  more 
difficult  task,  which  was  accomplished  only  at  a  later  period  by  M.  Bauson,  of  Paris. 

The  year  1819  is  remarkable  in  the  history  of  Frendi  husbandry  for  the  acquisition 
of  the  Cashmere  goat  imported  Arom  the  East  under  the  auspices  of  their  government, 
by  the  indefatigable  courage  and  zeal  of  M.  Jaubert^  who  encountered  every  fiEitague  and 
danger  to  enrich  his  coimtry  with  these  valuable  animals,  aided  by  the  patriotism  of 
M.  Temaux,  who  first  planned  this  importation,  and  furnished  funds  for  executing  it, 
at  his  own  expense  and  responsibility.  He  placed  a  portion  of  the  fiock  brought  by 
M.  Jaubert  at  his  villa  of  St.  Ouen,  near  Paris,  where  the  climate  seemed  to  be  very  favour- 
able to  them,  since  for  several  successive  years  after  their  introduction  M.  Temaux  was 
enabled  to  sell  a  great  number  of  both  male  and  female  goats,  llie  quantity  of  fine 
fleece  or  down  affi)rded  by  each  animal  annually  is  from  a  pound  and  a  half  to  two  pounds. 

The  wool  imported  into  Europe  comes  by  the  way  of  Casan,  the  capital  of  a 
government  of  the  Bussian  empire  upon  the  eastern  bank  of  the  Volga ;  it  has  natu- 
rally a  greyish  colour,  but  is  easily  bleached.    Its  price  at  Ptois  is  about  6«.  the  pound 

*  /iMAmtsa  is  a  geaeral  name  for  the  fabric  made  o<i>ajiAnh  or  the  nnd^ 
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Avoirdupois.  Tba  waste  in  pidking,  carding,  and  spinning,  amounts  to  about  one4hird 
of  its  weight 

The  mills  for  spinning  Cashmere  wools  haye  multiplied  very  much  of  late  years  in 
France,  and  the  prices  of  the  yam  have  £edlen  by  from  25  to  30  per  cent,  notwith- 
standing their  improved  fineness  and  quality. 

In  both  modes  of  manufacture,  the  piece  is  mounted  by  '  reading4n*  the  warp  for 
the  different  leaves  of  the  heddles,  as  is  commonly  practised  for  wa^  in  the  Jacquaid 
looms.  The  weaving  of  imitation  shawls  is  executed,  as  usual,  by  as  many  shuttles 
as  there  are  colours  in  the  design,  and  which,  are  thrown  across  the  waip  in  the  order 
established  by  the  *  reader*  The  greatest  number  of  these  weft  yams  bemg  introduced 
only  at  intervals  into  the  web,  when  the  composition  of  the  shawl  requires  it,  they 
remain  floating  loose  at  the  back  of  the  piece  and  are  cut  afterwards,  without  affbcting 
in  the  least  the  quality  of  the  texture ;  but  there  is  considerable  waste  of  stuff  in  the 
weaving,  which  is  worked  up  into  carpets. 

The  weaving  of  the  imitation  of  real  Cashmere  shawls  is  different  from  the  above. 
The  yams  intended  to  form  the  weft  are  not  only  equal  in  number  to  that  of  the  colour 
of  the  pattern  to  be  imitated,  but,  besides  this,  as  many  little  shuttles  or  pirns  (like 
those  used  by  embroiderers^  are  filled  with  these  yams  as  there  are  to  be  colours 
repeated  in  the  breadth  of  tne  piece ;  which  renders  their  number  considerable  when 
the  pattern  is  somewhat  compbcated  and  loaded  with  colours.  £ach  of  these  small 
bobbins  or  shuttles  passes  through  only  that  portion  of  the  flower  in  which  the  colour 
of  its  yarn  is  to  appear,  and  stops  at  the  one  side  and  the  other  of  the  doth  exactly  at 
its  limit ;  it  then  returns  upon  itself  after  having  crossed  the  thread  of  the  a4Joining 
shuttle.  From  this  reciprocal  intertexture  of  all  the  yams  of  the  shuttles,  it  results 
that  although  the  weft  is  composed  of  a  great  many  different  threads,  they  no  less  con- 
^itute  a  continuous  line  in  the  whole  breadth  of  the  web,upon  which  the  lay  or  batten 
acts  in  the  ordinary  way.  We  see,  therefore,  that  the  whole  art  of  manufacturing  this 
•Cashmere  doth  consists  in  avoiding  the  confusion  of  the  shuttles,  and  in  not  stnking 
up  the  lay  till  all  have  fulfilled  their  function. 

In  the  Oriental  process,  all  the  figures  in  relief  are  made  simply  with  a  slender  pim 
without  the  i^uttle  used  in  European  weaving.  By  the  Indians  the  flower  and  ite 
ground  are  made  with  the  pirn,  by  means  of  an  intertwisting,  which  renders  them  in 
43ome  measure  independent  of  the  warp.  In  the  Lyons  imitation  of  this  style,  the 
leaves  of  the  heddles  lift  the  yams  of  the  warp,  the  needles  embroider  as  in  lappet 
weaving,  and  the  flower  is  united  to  the  warp  by  the  weft  thrown  across  the  piece. 

Paris  manufactures  the  French  Cashmere,  properly  so  called,  of  which  both  the 
•war^  and  the  weft  are  the  yam  of  pure  Cashmere  down.  This  web  represents  with 
fidouty  the  figures  and  the  snades  of  colour  of  the  Indian  shawl,  which  it  copies ;  .the 
deception  would  be  complete  if  the  reverse  of  the  piece  did  not  show  the  cut  ends.  The 
!ffinaoo  shawl,  as  woven  at  Paris,  has- its  warp  m  spun  silk,  which  reduces  its  price 
without  much  impairing  its  beau^. 

,  Lyons,  however,  has  made  the  greatest  progress  in  the  manufacture  of  shawls.  It 
excels  particularly  in  the  texture  of  its  Thibet  shawls,  the  weft  of  which  is  yam  spun 
with  a  mixture  of  wool  and  spun  silk. 

Ntmesis  remarkable  for  the  low  price  of  its  shawls,  in  which  spun  silk,  Thibet  down, 
and  cotton,  are  all  worked  up  together. 

It  appears  that  M.  J.  Girard  at  Sevres,  near  Paris,  has  succeeded  best  in  producing 
Cashmere  shawls  equal  in  stuff  and  style  of  work  to  the  Oriental,  and  at  a  lower  price. 
They  have  this  advantage  over  the  Indian  diawls,  that  they  are  woven  without  seams, 
in  a  single  piece,  and  e^dubit  all  the  variety  and  the  raised  ^^t  of  the  Eastem  cdoura. 
Women  and  children  alone  are  employed  in  his  factory.    See  Isovl  Shawls. 

CASK.  (^TbnneaUf  Fr. ;  F\i8S,  Cbr.)  Much  ingenuity  has  been  displayed  in  cut* 
ting  the  curvilinear  and  bevelled  edges  of  the  staves  of  casks  by  circular  saws.  Sir 
John  Bobinson  proposed  many  years  back  that  the  stave  should  be  bent  to  its  tme  curve 
against  a  curved  bed,  and  that  while  thus  restrained,  its  edges  should  be  cut  by  two 
isaws  $  B,  placed  in  radii  to  the  cirde,  the  true  direction  of  tiie  joint  as  shown  by  the 
dotted  cirde  Jig,  439,  representing  the  head  of  the  cask.  Mr. 
Samuel  Brown  obtained  a  patent  in  November  1825,  for  certain  im- 
provements in  the  machinery  for  making  casks.  His  mechanism 
consists  in  the  first  place  of  a  drcnlar  saw  attached  to  a  bench, 
with  a  diding  rest,  upon  which  rest,  each  piece  of  wood  intended 
to  form  a  stave  of  a  cask  is  fixed ;  and  the  rest  being  then  slidden 
'X     /    \     .//'     forward  in  a  curved  direction,  by  the  assistance  of  an  adjustable 

*•••*:.•<' >;:^'       guide,  brings  the  piece  of  wood  against  the  edge  of  the  rotatory 

saw,  and  causes  it  to  be  cut  into  9ie  curved  shape  required  for 
the  edge  of  the  stave.  The  second  feature  is  an  apparatus  with  cutters  attached  tea 
standi^j  and  traversing  round  with  their  carrier  upon  a  cent^,  by  means  of  which 
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tlie  jxgfet  «bA  lower  edgea  of  the  cask  are  cut  zonnd  and  groored,  called  chining,  for 
the  purpose  of  receiying  the  heads.  Thirdly,  an  apparatus  not  veiy  dissimilar  to  the 
last,  by  which  the  straight  pieces  of  wood  designed  for  the  heads  of  the  casks  are  held 
together,  and  cut  to  the  circolar  figure  required,  and  also  the  beyelled  edges  produced* 
And  fourUily,  a  machine  in  which  the  cask  is  made  to  revolye  upon  an  axis,  4nd  the 
cutting  tool  to  traverse  for  the  purpose  of  shaving  the  external  part  of  the  cask, 
and  bringing  it  to  a  smooth  surface. 

The  pieces  of  wood  intended  to  form  the  staves  of  the  cask  having  been  cut  to  their 
required  length  and  breadth,  are  placed  upon  the  slide-rest  of  the  £b»t  mentioned 
machine,  and  confined  by  cramps ;  and  the  guide,  which  is  a  flexible  bar,  having  been 
previously  bent  to  the  intended  curve  of  the  stave  and  fixed  in  that  form,  the  rest  is 
slidden  forward  upon  the  bench  by  the  hand  of  the  workman,  which,  as  it  advances 
(moving  in  a  curved  direction)  brings  the  piece  of  wood  against  the  edge  of  the  re- 
volving circular  saw,  by  which  it  is  cut  to  the  curved  shape  desired. 

The  guide  is  a  long  bar  held  bv  a  series  of  moveable  blocks  fitted  to  the  bench  by 
screws,  and  is  bent  to  any  desirea  curve  by  shifting  the  screws ;  the  edge  of  the  slide- 
rests  which  hold  the  piece  of  wood  about  to  be  cut,  runs  against  the  long  guide  bar, 
and  consequently  is  -conducted  in  a  corresponding  curved  course.  The  circular  saw 
receives  a  rapid  rotatory  motion  by  means  of  a  band  of  rigger  from  any  first  mover; 
and  the  piece  of  wood  may  be  shifted  laterally,  by  means  of  racks  and  pinions  on  the 
slide-rest,  by  the  workmen  turning  a  handle,  which  is  occasionally  necessaiy  in  order 
to  bring  the  piece  of  wood  up  to,  or  away  from,  the  saw. 

The  necessary  number  of  staves  being  provided,  they  are  then  set  round  within  a 
confined  hoop  at  bottom,  and  brought  into  the  form  of  a  cask  in  the  usual  way,  and 
braced  by  temporary  hoops.  The  barrel  part  of  the  cask  being  thus  prepared,  in  order 
to  effect  the  chining,  it  is  placed  in  a  frame  upon  a  platfortn,  which  is  raised  up  by  a 
treadle  lever,  so  that  the  end  of  the  barrel  may  meet  the  cutters  in  a  sort  of  lathe  above : 
the  cutters  are  then  made  to  traverse  round  within  the  head  of  the  barrel,  and,  as  they 
proceed,  occasionally  to  expand,  by  which  means  the  bevels  and  grooves  are  cut  on  the 
upper  edge  of  the  barrel,  which  is  called  chining.  The  barrel  being  now  reversed,  the 
Bame  apparatus  is  brought  to  act  against  the  other  end,  which  becomes  chined  in  like 
manner. 

The  pieces  of  wood  intended  to  form  the  heads  of  the  cask  are  now  to  be  cut  straight 
by  a  circular  saw  in  a  machine  similar  to  the  first  described ;  but,  in  the  present  in- 
stance, the  slide-rest  is  to  move  forward  in  a  straight  course.  After  their  straight 
edges  are  thus  produced,  they  are  to  be  placed  side  by  side,  and  confined,  when  a 
acribing  cutter  is  made  to  traverse  roun<t  and  cut  the  pieces  collectively  into  the 
circular  form  desired  for  heading  the  cask. 

The  cask  having  now  been  made  up,  and  headed  by  hand  as  usual,  is  placed 
between  centres,  or  upon  an  axle  in  a  machine,  and  turned  round  by  a  rigger  or  band 
with  a  shaving  cutter  sliding  along  the  bar  above  it,  which  cutter,  beipg  made 
to  advance  and  recede  as  it  sliaes  along,  shavies  the  outer  part  of  the  cad:  to  a  smooth 
surface. 

Hr.  Smart  cuts  the  edges  of  thin  staves  for  small  casks  on  the  ordinary  saw-bench, 
by  fixing  the  thin  wood  by  two  staples  or  hooks  to  a  curved  block,  the  lower  face  of 
which  is  bevelled  to  give  the  proper  chamfer  to  the  edges,  Jiff,  440.    One  edge  having 


440 


441 


^ 


been  cut,  the  stave  is  released,  changed  end  for  end,  and  refixed  against  two  pins, 
which  determine  the  position  for  cutting  the  second  edge,  and  make  Uie  staves  of  one 
common  width.  The  curved  and  bevelled  block  is  guided'  by  two  pins  p  p,  which 
€nter  a  straight  groove  in  the  bench  parallel  with  the  saws.  This  mode  of  bending 
is  from  various  reasons  found  inapplicable  to  large  staves,  and  these  are  cut,  as 
^own  in  three  views,  Jiff,  441,  whilst  attached  to  a  straight  bed,  the  bottom  of  which 
is  also  bevelldd  to  tilt  the  stave  for  chamfering  the  edge.  To  give  the  curve  suitable 
to  the  edge,  the  two  pins  on  the  under  side  of  the  block  run  in  two  curved  grooves 
$  g  in  the  saw-bench,  which  cause  the  staves  to  sweep  past  the  saw  in  the  arc  of  a 
very  large  circle,  instead  of  in  a  right  line,  so  that  the  ends  are  cut  narrower  than 
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the  middle.  Ifr.  Smart  obeeires  (Trans,  Soerof  Arts,  yd.  sdrii)  that  in  Btayes  eot 
'whilst  straight,  the  edges  become  chamfered  at  the  same  angle  thioughont,  whioh 
although  theoretically  wrong  is  sufficiently  near  for  practice ;  the  error  is  ayoided 
when  &.B  stayes  are  cut  whilst  bent  to  their  true  curvature. 

The  necessary  flexibility  which  is  required  for  bending  the  staves  of  casks  is 
obtained  by  steaming  them  in  suitable  vessels  in  contact  vith  rigid  moulda  By 
Taylor's  patent  machinery  for  making  casks,  the  blocks  intended  for  the  staves  are 
cut  out  of  white  Canada  oak,  to  the  size  of  thirty  inches  by  five,  and  smaller.  They 
are  well  steamed  and  then  sliced  into  pieces  one-half  or  fiye-eighths  of  an  indi  thick, 
at  the  rate  of  200  a  minute,  by  a  process  tax  more  rapid  and  economical  than  sawing, 
the  instrument  being  a  revolving  iron  plate,  of  112  or  14  feet  diameter,  with  two 
radial  kniyes  arranged  somewhat  like  the  irons  of  an  ordinaiy  plane  or  spoke- 
shave.  

OAMUklUiaF  or  OftSSmMCT.  The  concentrated  juice  of  the  roots  of  the 
bitter  cassava,  flayoured  by  aromatics.  It  is  used  to  flayour  soups,  and  other  dishes, 
and  is  the  basis  of  the  West-Indian  dish  pepper-pot  In  Frendi  Guiana,  the  term 
cabion  is  applied  to  a  similar  condiment — Peretra, 

OAS8AVA.  {Cassave,  Fr.;  Cassava,  Ger.)  Cassava,  or  Cassada  Meal,  are 
names  given  to  the  starch  of  the  root  of  the  Manihot  nttiissima,  prepared,  in  the  f<d- 
lowing  manner,  in  the  West  Indies,  the  tropical  regions  of  America,  and  upon  the 
A^can  coast    The  tree  belongs  to  Uie  natural  family  of  the  Euphorbiacea. 

The  roots  ara  washed,  and  reduced  to  a  pulp  by  means  of  a  rasp  or  grater.  The  pulp 
is  put  into  coarse  strong  canvas  bags,  and  thus  submitted  to  the  action  of  a  powerfcd 
press,  by  which  it  parts  with  most  of  its  noxious  juice  (used  by  the  Indians  for  poisoning 
the  barbs  of  their  arrows).  As  the  active  principle  o£  this  juice  is  yolatile,  it  is  easily 
dissipated  by  baking  the  squeezed  cakes  of  pulp  upon  a  plate  of  hot  iron.  Fifty  pounds 
of  the  fresh  juice,  when  distilled,  aflbrd,  at  first,  8  ounces  of  a  poisonous  water,  pos- 
sessing an  intolerable  ofibnsiye  smell ;  of  which  85  drops  being  administered  to  a  sUve 
convicted  of  the  crime  of  poisoning,  caused  his  deatb  in  the  course  of  6  minutes,  amid 
horrible  convulsions.' 

The  pulp,  dried  in  the  manner  above  described,  conoretes  into  lumps,  whidi  become 
hard  and  mable  as  they  cool.  They  are  then  broken  into  pieces,  and  laid  out  in  the 
sun  to  dry.  In  this  state  they  afford  a  wholesome  nutriment,  and  are  habitually  used 
as  such  by  the  negroes,  as  also  by  many  white  people.  These  cakes  constitute 
the  only  provisiofis  laid  in  by  the  natiyes,  in  their  voyages  upon  the  Amazon.  Boiled 
in  water  with  a  little  beef  or  mutton,  they  form  a  kind  of  soup  similar  to  that  of  rice. 

The  Cassava  cakes  sent  to  Europe  are  composed  almost  entirely  of  starch,  along 
with  a  few  fibres  of  the  ligneous  matter.  It  may  be  purified  by  difihsion  through  warm 
water,  passing  the  milky  mixture  through  a  linen  cloth,  and  evaporating  the  strained 
lii^uid  over  the  fire,  with  constant  agitation.  The  starch,  dissolyed  by  tJie  heat, 
thickens  as  the  water  evaporates,  but,  on  being  stirred,  it  becomes  granulated,  and 
must  be  finally  dried  in  a  proper  stoye.  Its  spedflo  gravity  is  1*580— that  of  the 
other  species  of  starch. 

The  product  obtained  by  Uiis  treatment  is  known  in  commerce  under  the  name  of 
tapioca ;  and,  being  starch  yery  nearly  pura,  is  often  prewribed  by  physicians  as  an 
aliment  of  easy  digestion.  A  tolerably  good  imitation  of  it  is  made  by  heating,  stirrings 
and  drying  potato-starch  in  a  similar  way. 

The  expressed  juice  of  the  root  of  manioc  contains  in  suspension  a  very  fine  fecula, 
which  it  deposits  slowly  upon  the  bottom  of  the  vessels.  When  freed  by  decantation 
fVom  the  supernatant  liquor,  washed  several  times  and  dried,  it  forms  a  beautiful 
starch,  which  creaks  on  pressure  with  the  fingers.  It  is  called  cipipa  in  French  Guiana ; 
it  is  employed  for  many  delicate  articles  of  cookery,  especially  pastry,  as  also  for  hair- 

S)wder,  starching  linen,  &c.  This  is  imported  into  Englanii  horn  Bio  Janeiro  as 
razilian  arrowroot 

Cassaya  flour,  as  imported,  may  be  distinguished  from  arrowroot  and  other  kinds 
of  starch  by  the  appearance  of  its  particles  viewed  in  a  microscope.  They  ara  spherical, 
all  about  jjjsoth  of  an  inch  in  diameter,  and  associated  in  groups ;  those  of  potato- 
starch  ara  irragnlar  ellipsoids,  varying  in  size  from  ^^  to  sjjbi^  ^  <^  ^ch ;  those 
of  arrowroot  have  the  same  shape  nearly,  but  vary  m  size  from  jj^th  to  y{^  of  aa 
inch ;  those  of  wheat  ara  separate  spheres,  yA^  of  an  inch. 

The  empirical  formula  of  Cassaya  standi  is,  C'^HiH)!*  (0*B>*0*),  like  the  other 
starches. 

Cassaya  has  for  some  yean  been  imported  into  France,  from  Martinique,  as  la  mom- 
sache  and  la  cipipa.    See  Tapioca. 

*  Memoir  of  Dr.  Fermln,  oommunloated  to  the  Academy  of  Bedln,  conoeRiinff  eznerimaila  m^a 
•tO»yenne,nponthojuioeo«tlioMJuiioo.  '  , -vir- .r- -c ^jf^ruaaam mm9 
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CABMMMA  YMLiMMWm  An  ozychloride  of  lead.  It  fleemB  to  be  the  same  as 
Paimt  Yeilow  and  Twmer^s  YdUno,  Gassell  yellow  may  be  prepared  b^  melting  together 
one  part  of  sal-ammoniac  with  ten  parts  of  massicot,  mininm,  or  white  lead. 

OAJMKbMJJnrs  CHMMM.  A  fine  green  pigment,  deetatnte  of  arsenic  It 
is  a  basic  snlphate  of  copper,  obtained  by  mixing  together  boiling  solutions  of  sulphate 
of  copper  and  an  alkaline  acetate. 

OAMMULm  {Cifmamomum  Cassia.)  A  bark  employed  for  flayonring.  The  cin- 
namon cassia  is  a  native  of  China,  and  is  cxdtiratea  in  Java.  It  is  imported  from 
Singapore,  Oalcutta,  Bombay,  and  Manilla.  This  bark  is  imported  nrincipally  for 
the  sake  of  its  essential  oil,  which  it  yields  by  distillation.  One  hundred  pounds  of 
good  cassia  bark  will  thiis  yield  12  oz.  of  essential  oil  of  cassia.  This  oil  is  princi- 
pally consumed  in  scenting  what  is  called  Brown  Windsor  Soap. 

OikHBTti  BVBS.  {Flares  cassia  immaiureA  The  cassia  buds  and  bark  are  both 
obtnined  from  the  same  tree  (Reeves),  'According  to  the  latest  observations  which 
the  eider  Nees  has  made  known,  cassia  buds  are  the  calyces  {Fruchtkelohe)  of  dnna- 
momum  aronutHeumt  about  ^th  of  their  normal  size.  It  ib  also  said  that  they  are 
collected  from  Cinnamomum  dtUee  which  is  fbund  in  China.' — Martins,  quotea  by 

OftSgfil  JPISTUJiA.  The  padding  mpe  tree,  or  purging  cassia.  The  pods  of 
this  tree  are  imported  tram  Madras  and  Ceylon,  from  jBarbadoes,  and  from  Cartha- 
gena  and  Savanilla. 

OJkMMXMm  The  Aeaeia  Famesiana  is  grown  eztensirelv  in  the  south  of  France 
for  the  sake  of  its  fragrant  flower  baUs :  these  are  termed  Cassie^  and  used  in  per- 
fumery. The  young  plants  are  raised  from  seed  in  beds :  in  the  third  year  thev  are 
planted  out  in  fields  and  require  for  each  tree  about  twelve  square  feet  of  land. 
When  in  maturity  Aeaeia  Famesiana  will  yield  flowers  to  the  value  of  30^.  an 
acre. 

OA88XS,  the  black  currant  {Rihes  nigra,  linn.),  which  was  formerly  celebrated 
for  its  medicinal  properties,  with  yeiy  little  reason. 

The  only  technical  use  to  which  it  is  now  applied  is  in  preparing  the  agreeable  liqueur 
called  ratifia,  by  the  following  French  recipe :  Stone  and  crush  8  pounds  of  blade  cur- 
rants, adding  to  the  magma  1  drachm  of  cloves,  2  drachms  of  cinnamon,  4  quarts  of  spirits 
of  wine,  at  98^  Baum^,  and  2\  pounds  of  sugar.  Put  the  mixture  into  a  bottle  which 
is  to  be  well  corked ;  let  it  digest  for  a  fortnight,  shaking  the  bottle  once  daily  during 
the  first  8  days :  then  strain  through  a  linen  doth,  and  finally  pass  through  filtering 
paper.   

OA88ITBBZTB.  Oxide  of  Tin ;  Stream  Tin.  Stream  tin  is  the  alluvial  d&ms  of 
tin  veins.  Cassiterite  is  one  of  the  objectionable  names,  of  which  a  veir  great  number 
have  been  introduced  into  the  sdence  of  Mineralogy.  The  names  which  are  derived 
from  districts  or  towns  give  no  indication  of  the  character  of  a  mineral,  and  they 
indicate  one  locality  only,  for  example,  Bkdbuthitb  {^Copper  glance)  is  found  in  many 
other  places  beyond  Redruth,  and  CASsrrExuTB,  derived  from  the  Cassiterides  of  the 
ancients,  is  used  to  designate  a  mineral  which  is  found  in  all  parts  of  the  world.  The 
oonfdsion  existing  in  mineialogical  nomendature  is  to  be  lamented.     (See  Tnr 

QtOL) 

OASMirS,  Purple  powder  of,  A  preparation  used  in  the  arts  jba  a  colour,  chiefly  for 
stained  glass  and  porceutin.  It  is  also  employed  in  medicine  by  some  French  physiaans, 
and  has  been  prepared  in  the  following  manner: — 10  parts  of  add  chlonde  of  gold 
are  dissolved  in  2,000  parts  of  water.  In  another  vessel^  10  parts  of  pure  tin  are  dis- 
solved in  10  parts  of  nitric  acid  mixed  with  20  parts  of  hydrochloric  add,  and  this 
solution  is  diluted  with  1,000  parts  of  distilled  water.  The  solution  of  tin  is  added  bj 
degrees  to  that  of  the  add  diloride  of  gold,  so  long  as  any  predpitate  results.  This 
is  allowed  to  subside ;  it  is  then  washed,  filtered,  and  dried  at  a  rery  gentle  heat. 
The  tin  salt  above  used  contains  both  the  protoxide  and  binoxide  in  certam  proportions. 
The  doable  compound  of  chloride  of  tin  with  sal-ammoniac,  called  the  j^ink  salt  of  tin, 
is  the  preferable  form ;  as  it  is  not  altered  b^  the  atmosphere,  is  of  definite  compodtion, 
and  when  boiled  with  metallic  tin  it  takes  up  just  so  much  as  will  form  the  protocnloride : 
100  parts  of  pink  salt  require  for  this  purpose  10'7  parts  of  metallic  tin. 

Professor  Graham,  in  nis  *  Elements  of  Chemistry,'  gives  the  following  account  of 
the  Purple  of  Casdus,  and  of  its  preparation : — *  When  protochloride  of  tin  is  added  to 
a  dilate  solution  of  gold,  a  purple  powder  falls.  It  is  obtained  of  a  finer  tint  when 
protochloride  of  tin  is  added  to  a  solution  of  the  sesquichloride  of  iron  till  the  colour 
of  the  liquid  takes  a  shade  of  green,  and  the  liquid  in  that  state  added,  drop  by  drop, 
to  a  solution  of  sesquichloride  of  ^Id,  fr«e  from  nitric  add,  and  yery  dilute.  After 
24  hoars  a  brown  powder  is  deposited,  which  is  slightly  transparent,  and  purple-red, 
by  transmitled  light:  when  dned  and  rubbed  to  powder,  it  is  of  a  dull  blue  colour. 
Heated  to  redness  it  loses  a  little  water,  but  no  oxygen,  and  retains  its  fiormfir 
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appeazanoe.  If  washed  'mih  ammonia,  on  the  filter,  while  still  moist,  it  dissohres,  and 
a  purple  liquid  passes,  which  riyals  the  hypermanganate  of  potash  in  beantj.  .  .  . 
It  maj  also  be  formed  by  fusing  together  2  parts  at  gold,  3^  parts  of  tin,  and  15  parts 
of  silver,  under  borax,  to  prevent  the  oxidation  of  the  tin,  and  treating  the  alloy  with 
nitric  add,  to  dissolve  out  tne  silver ;  a  purple  residue  is  left,  containing  the  tin  and  gold 
that  were  employed.' 

*  Berzelius  proposed  the  theory  that  the  powder  of  Cassius  may  contain  the  true  prot- 
oxide of  gold  combined  with  sesquioxide  of  tin,  AuOSn'O*,  a  kind  of  combination 
containing  an  association  of  three  atoms  of  metal,  which  is  exemplified  in  black  oxide 
of  iron,  spinele,  Pranklinite,  and  other  minerals.  ...  A  glance  at  its  formula  shows 
how  readilv  the  powder  of  Cassius,  as  thus  represented,  may  pass  into  gold  and  binoxide 
of  tin,  AuOSn«0*-Au  +  2SnOV— (rraAa^n  and  Waits. 

CASTXZiB  SOAP,  or  Spanish  Soap,  is  prepared  with  olive  oil  and  a  solution 
of  caustic  soda.  There  are  two  varieties,  the  white  and  the  marbled.  The  marbled 
appearance  is  produced  in  the  soap,  by  adding,  as  soon  as  it  is  made  and  separated 
£rom  the  spent  ley,  a  fresh  quantitv  of  ley,  and  immediately  a  solution  of  the  proto- 
sulphate  of  iron.  A  precipitate  of  oxide  of  iron  is  at  once  formed,  and  this  gives 
the  dark  coloured  streaks  to  the  soap.  By  exposure  to  the  air  these  streaks  become 
red,  in  consequence  of  the  conversion  of  the  black  oxide  of  iron  into  the  red  or  sesqui- 
oxide.   See  Soap. 

CA8T-ZBO».    See  Iron. 

CAST-ZSOV  BCOXJMXNOm  Cast-iron  sur£&oee  are  said  to  be  easily  scoured  by 
adding  a  little  of  any  kind  of  organic  matter,  such  as  glycerine,  stearine,  naphthaline, 
or  creosote  to  dilute  sulphuric  add ;  zinc  and  brass  yield  to  the  same  method,  with 
great  economy  of  labour,  time,  and  material. 

CA8TOB.  A  mineral  occurring  in  Elba,  associated  with  another  spedes  called 
Pollux.  Castor  is  a  silicate  of  alumina  and  lithia,  dosely  related  to,  if  not  identical 
with,  petalite. 

OA8TOB.  The  Beaver.  See  FuBS. 
.  CASTOBv  or  OA8TOSBUM.  This  name  is  given  to  a  secretion  of  the  Beaver 
(Castor  fiber),  contained  in  pear-shaped  cellular  oiganic  sacs,  placed  near  the  genital 
organs  of  both  the  male  and  female  animals.  It  is  a  substance  analogous  to  dvet  and 
musk,  of  a  consistence  similar  to  that  of  thick  honey.  It  has  a  bitter  acrid  taste ;  a 
powerfiil  penetrating,  foBtid,  and  veiy  volatile  smell. 

Several  chemists,  and  in  particular  Bouillon,  Lagrange,  Laugier,  and  Hildebrandt 
have  examined  castor,  and  found  it  to  be  composed  of  a  resin,  a  fatty  substance,  a 
volatile  oil,  an  extractive  matter,  benzoic  add,  and  some  salts. 

The  mode  of  preparing  it  is  veiy  simple.  The  sacs  are  cut  off  firom  the  castors 
when  they  are  killed,  and  are  dried  to  prevent  the  skin  being  affected  by  the  weather. 
In  this  state  the  interior  substance  is  solid,  of  a  dark  colour,  and  a  faint  smell;  it 
softens  with  heat,  and  becomes  brittle  by  cold.  Itk  fracture  betrays  fragments  of  mem- 
branes, indicating  its  organic  structure.  When  chewed  it  adheres  to  the  teeth  some- 
what like  wax ;  it  has  a  bitter,  slightly  acrid  and  nauseous  taste. 

The  castor  bags,  as  imported,  are  often  joined  in  fain  hj  a  kind  of  ligature. 
Sometimes  the  substance  which  constitutes  their  value  is  sophisUcated ;  a  portion  of 
the  castor  being  extracted,  and  replaced  by  lead,  clay,  gpns,  or  some  other  foreign 
matters.  This  fraud  may  be  easily  detected,  even  when  it  exists  in  a  small  degree, 
by  the  absence  of  the  membranous  partitions  in  the  interior  of  the  bags,  as  well  as 
by  the  altered  smell  and  taste. 

Castor  is  used  to  a  small  extent  in  medidne  and  in  perfumezy  manufiictiir^  the 
latter  particularly  when  ambergris  is  scarce. 

In  English  commerce,  two  varieties  of  American  castor  are  made :  one  called  the 
Hudson's  Bay  and  the  other  the  Canadian— though  both  are  imported  by  the  Hud- 
son's Bay  Company. 

OA8TOSZVB.  A  substance  existing  in  castor.  It  is  obtained  by  treating  castor 
with  hot  alcohol,  and  filtering  through  a  Platamour^s  ebullition  funneL  On  cooling, 
the  alcohol  deposits  ci^tals  of  a  fatty  substance.  The  castorine  is  retained  in 
tlie  mother-liquor,  and  is  firocured  by  evaporation  on  the  water-bath  to  a  small 
bulk,  and  then  setting  aside  to  allow  ciystals  to  form.  Castorine  crystallises  in 
noodles  possessing  a  slight  odour  of  castoreum. — C.G.W. 

CA8TOB  OZ&.  ^e  expressed  oil  of  the  seeds  of  the  Palma  Christi  or  Biemui 
communis,  a  native  of  the  West  Indies  and  South  America;  but  which  has  been 
cultivated  in  France,  Italy,  and  Spain. 

In  England  the  castor  oil  is  expressed  from  the  seeds  by  means  of  powerM  hydrau- 
lic presses  fixed  in  rooms  artificially  heated.  It  is  punfied  by  repose,  decantation, 
and  filtration,  being  bleached  in  pale-coloured  Winchester  quart  bottles,  which  are 
exposed  to  light  on  the  tops  of  houses. 
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OJLtJLtiWBlBm  A  tern  introduced  to  denote  the  yery  peculiar  phenomenon  of  one 
body  establishing,  bj  its  mere  presence,  a  like  condition,  in  another  body,  to  that 
-which  exists  in  itself.  Thus  a  piece  of  meat  undergoing  the  putrefactive  fermen- 
tation, almost  immediately  sets  up  a  similar  action  in  fresh  meat»  or  raoduces  in  a 
saccharine  fluid  that  motion  which  is  known  as  yinous  fermentation.  The  action  of 
the  yeast  plant, — a  Hying  organisation,— establishes  an  action' throughout  a  large 
quantity  of  an  infasion  of  moltt—fermenteUion^  or  that  disturbance  whidi  leads  to  the 
conyersion  of  sugar  into  aloohoL  This  catalytic  power  is  ill  understood,  and  we  are 
content  to  hide  the  imperfection  of  our  knowledge  under  a  sounding  name. 

OATBOBZMS.  Catechuio  Acid,  When  Gambir  catechu  is  treated  with  water 
an  insoluble  residue  is  left,  which  has  been  termed  by  Nees  resinous  tannin.  Its 
composition  is  C»H*0«  (C»H'HM). 

CATBCHU.  A  Japanese  term,  from  cats  a  tree,  and  chu  juice.  The  term  is 
applied  to  seyeral  astringent  extracts  made  from  the  wood  of  eeyeral  plants  which 
pirow  in  Bombay,  Bengal,  and  other  parts  of  India.  The  oidinaiT  commercial  catechu 
js  prepared  by  boiling  the  chips  of  the  interior  of  the  trunk  of  the  Acacia  Catechu  in 
water,  evaporating  the  solution  to  the  consistence  of  syrup  oyer  the  fire,  and  then 
^exposing  it  in  the  sun  to  harden.  It  occurs  in  commerce  in  flat  rough  cakes,  and 
under  two  forms.  The  flrst*  or  the  Bombay,  is  of  uniform  texture,  of  a  dark  red  colour, 
and  of  spedflc  giavitr  1*39.  The  second  is  more  friable  and  less  solid.  It  has  a 
chocolate  colour,  and  is  marked  inside  with  red  streaks.  Its  spedflc  gravity  is 
1*28. 

According  to  Sir  H.  Davy,  the  Bombay  variety  is  richer  in  tannin  than  that  from 
Bengal,  the  former  containing  54*5,  and  the  latter  41*5  in  100  parts. 

Areca  nuts  are  also  found  to  yield  catechu :  and  catechu  is  prepared  from  them  in 
-Ceylon,  for  which  purpose  they  aro  cut  into  pieces,  watered  m  an  earthen  pot  with 
solution  of  nitre,  and  have  a  lil^e  of  the  baik  of  a  species  of  Mimosa  added  to  them. 
The  liquor  is  then  boiled  with  the  nuts,  and  afSbrda  an  inspissated  decoction. 

Qooa  catechu  is  a  brittle  compact  solid,  of  a  dull  fracture.  It  has  no  smell,  but  a 
veipr  astringent  taste.  Water  dissolves  the  whole  of  it,  except  the  earthy  matter, 
which  is  probably  added  during  its  preparation.  Alcohol  dissolves  its  tannin  and 
extractive.  The  latter  may  be  oxidised,  and  thus  rendered  insoluble  in  alcohol,  by 
dissolving  the  catechu  in  water,  exposing  it  for  some  time  to  a  boiling  heat,  and 
evaporating  to  dryness. 

The  tannin  of  catechu  differs  from  that  of  galls,  in  being  soluble  in  alcohol,  and 
more  soluble  in  water.  It  precipitates  iron  of  an  olive  colour,  and  gelatine  in  a  mass 
which  gradually  becomes  brown. 

It  has  been  long  employed  in  India  for  tanning  skins,  whero  it  is  said  to  effect  this 
object  in  flve  days.  Sole-leather  has  been  completely  tanned  by  it  in  this  country  in 
ten  days,  the  ox-hide  having  been  made  into  a  bag,  with  the  hair  outside,  and  kept 
filled  with  the  solution  of  catechu.  In  India  it  has  also  been  used  to  give  a  brown 
dye  to  cotton  goods,  and  of  late  years  it  has  been  extensively  introduced  into  the 
calico-print  works  of  Europe.  The  salts  of  copper  with  sal-ammoniac  cause  it  to  give 
a  bronze  colour  which  is  very  permanent ;  the  proto-muriate  of  tin,  a  hrovmish  ytUow ; 
the  per-chloride  of  tin,  with  the  addition  of  nitrate  of  copper,  a  deep  hronee  hue ; 
acetate  of  alumina  alone,  a  reddish  hrovm^  and,  with  nitrate  of  copper,  a  reddish-olive 
arey ;  nitrate  of  iron,  a  dark-brown  grey.  For  djreing  a  golden  coffee-brown,  catechu 
has  entirely  superseded  madder ;  one  pound  of  it  being  equivalent  to  six  pounds  of 
this  root. 

According  to  Pereira,  the  varieties  of  Catechu  commonly  met  with  aro : — 

1.  Gahbib  Catbght  (Cateckt  pallidum)  or  Pale  Catechu,  imported  under  the  name 
of  Gambir,  from  Singaporo  and  some  of  ike  neighbouring  islands,  whero  the  Uncaria 
Gambir  is  cultivated,  and  an  extract  propared  from  it.  The  chief  use  of  this 
catechu  is  for  tanning.  In  the  trade  it  is  distinguished  from  the  black  catechu  and 
cutch  by  the  name  of  Terra  Japonioa. 

2.  Bbtke-Ntjt  Catbchu.    See  Bbtkl-Ntjt. 

8.  Ctjtch. — Catechu  of  the  Acacia  Catechu  described  above. 

Bombay  Catechu,  named  above,  and  examined  by  Davy,  is  obtained  from  the 
Areca  Catechu,  and  the  Bengal  Catechu,  from  th|9  Acacia  {Mimosa)  Catechu. 

ITtBUN  Catbchu,  another  variety  occasionally  met  with,  is  obtained  from  the  fruits 
of  gummy  Acacias  growing  in  IJgypt  and  Nubia. 

CATOUT.  (Corde  a  boyau,  Fr. ;  Darmsaite,  Oer.)  The  name  given  to  cords 
made  of  the  twisted  intestines  of  the  sheep.  The  guts,  being  taken  while  warm  out  of 
the  body  of  the  animal,  aro  to  be  cleared  of  feculent  matter,  freed  from  any  adhering 
fat,  and  washed  in  a  tub  of  water.  The  small  ends  of  all  the  intestines  aro  next  to  be 
tied  together,  and  laid  on  the  edge  of  the  tub,  whUe  the  body  of  them  is  left  to  steep 
in  some  water,  frequently  chang^  during  two  days,  in  order  to  loosen  the  peritoneal 
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and  mnoons  membiaiifls.  TI10  bundle  of  inteetiaes  is  then  laid  upon  a  alopiig  taUa 
which  oyerhangs  the  tab,  and  their  sni&oe  ia  acreped  with  the  bade  of  a  knife,  to  try 
if  the  external  membrane  will  oome  away  freely  in  breadths  of  abont  half  their  cir- 
cnmference.  This  substance  is  called  by  the  French  mann&i^arers  JUandret  and  the 
process  y!^.  If  we  attempt  to  remove  it  by  beginning  at  the  large  end  c^  the  in- 
testine, we  shall  not  succeed.  This  filandre  is  employed  as  thread  to  sew  intestines, 
and  to  make  the  cords  of  raekets  and  battledores.  The  flayed  guts  are  put  again  into 
fresh  water,  and  after  steeping  a  night,  are  taken  out  and  scraped  dean  next  day,  on 
the  wooden  bench  with  the  rounded  bade  of  a  kni&.  This  is  called  curing  the  guL 
The  large  ends  are  now  cut  ofl^  and  sold  to  the  pork-butchers.  The  intestines  are 
again  steeped  for  a  night  in  fresh  water,  and  the  following  dayin  an  alkaline  lixirinm 
made  by  adding  4  ounces  of  potash,  and  as  much  pearlash,  to  a  pail  of  water  ocmtain- 
iog  about  3  or  4  imperial  gallons.  This  ley  is  pomed  in  sucoessiTe  quantities  upon 
the  intestines,  and  poured  off  again,  after  2  or  3  hours,  till  Uiey  are  purified.  They 
are  now  drawn  sey^iil  times  tluou^  an  open  brass  thimble,  and  pressed  against  it 
with  the  nail,  in  order  to  smooth  and  equt&se  their  surfiace.  They  are  lastly  sorted, 
according  to  their  sizes,  to  suit  different  purposes. 

Whipcord  is  made  from  the  above  intestines,  which  are  sewed  together  endwise  by 
the  Tikiu^  each  junction  being  cut  aslant,  so  as  to  make  it  strong  and  smooth.  The 
cord  is  put  into  the  frame,  and  each  end  is  twisted  separately ;  for  whipcord  is  seldom 
made  out  of  two  guts  twisted  together.  When  twisted,  it  is  to  be  sulphured  once  or 
twice.  It  may  also  be  dyed  black  with  common  ink,  pink  with  red  ink,  which  sul- 
phurous acid  changes  to  pink,  and  green  with  a  ffreen  dye  whidi  the  oobur-dealers 
sell  for  the  purf)ose.  The  guts  take  the  dyes  rea£ly.  Aiter  being  well  smoothed,  the 
cord  is  to  be  dned«  and  ooUed  up  for  sale. 

HatUra'  Cord  for  Bowsirings. — ^The  longest  and  largest  intestines  of  sheep^  after 
being  properly  treated  with  the  potash,  are  to  be  twisted  4,  6,  8,  10,  or  12  together, 
according  to  the  intended  si«e  of  the  seams,  which  is  usually  made  from  16  to  26  teei 
long.  This  cord  must  be  free  from  cords  and  knots.  When  half  dry,  it  must  be  ex- 
posed twice  to  the  ftunes  of  burning  sulphur ;  and,  after  each  operation,  it  is  to  be 
well  stretched  and  smoothed :  it  should  be  finally  dried  in  a  state  of  tension. 

ClookTnaker^  Cord, — ^This  cord  should  be  extremely  thin,  and  be  therefore  made 
from  very  small  intestines,  or  from  intestines  slit  up  in  their  length  by  a  knife  fitted 
for  the  purpose,  being  a  kind  of  lancet  surmounted  with  a  ball  of  lead  or  wood.  The 
wet  gut  is  strained  over  the  ball  which  guides  the  knife,  and  the  two  sections  &11  down 
into  a  vessel  placed  beneath.  Each  hand  pulls  a  section.  Glockmakers  also  make  uas 
of  stronger  cords  made  of  two  or  more  guts  twisted  together. 

Fiddle  and  Harp  Strings. — These  require  the  ffreatest  care  and  dexterity  on  the  part 
of  the  workmen.  The  treble  strings  are  peculiany  difficult  to  make,  and  are  made  at 
Naples,  probably  because  the  Neapolitan  sheep,  from  their  small  siae  and  leanness, 
afford  the  best  raw  material. 

The  first  scraping  of  the  guts  intended  for  fiddle-strings  must  be  very  carefully  per- 
formed ;  and  the  alkaline  leys  being  clarified  with  a  little  alum,  are  added,  in  a  pro- 
gressively stronger  state  from  day  to  day,  during  4  or  6  days,  till  the  guts  are  well 
bleached  and  swollen.  Th^y  must  then  be  passed  through  the  thimble,  and  again 
deansed  with  the  lixivium ;  after  which  they  are  washed,  spun,  or  twisted  and  sul- 
phured during  two  hours.  They  are  finallv  polished  by  friction,  and  dried.  Some- 
times they  are  sulphured  twice  or  thrice  before  being  dried,  and  are  polished  between 
horsehair  cords. 

It  has  been  long  a  subject  of  complaint,  as  well  as  a  serious  inoonvenienoe  to 
musicians,  that  catgut  strings  cannot  be  made  in  England  of  the  some  goodness  and 
strength  as  Uiose  imported  from  Italy.  These  are  made  of  the  peritonei  covering  of 
the  intestines  of  the  sheep ;  and,  in  this  country,  they  are  manufiEictured — at  White- 
chapel,  and  probably  elsewhere, — in  considerable  quantit}^ ;  the  consumption  of  them 
for  harps,  as  well  as  for  the  instruments  of  the  violin  fSunily,  being  very  great  Their 
chief  fault  is  weakness ;  whence  it  is  difficult  to  bring  the  smaller  ones,  required  for 
the  higher  notes,  to  concert-pitch ;  maintaining  at  the  same  time,  in  their  form  and 
construction,  that  tenuity  or  smallness  of  diameter  which  is  required  to  produce  a 
brilliant  and  dear  tone. 

The  inconvenience  arising  from  their  breaking  when  in  use,  and  the  expense  in  the 
case  of  harps,  where  so  many  are  required,  are  such  as  to  render  it  highly  desirable 
to  improve  a  manufacture  which,  to  many  individuals  may,  however,  appear  suf- 
fidently  contemptible. 

It  is  well  known  to  physiologists,  that  the  membranes  of  lean  animals  are  fir  men 
touffh  than  those  of  ammals  which  are  fat  or  in  high  condition ;  and  there  is  no  reason 
to  doubt  that  the  superiority  of  the  Italian  strings  arises  from  the  state  of  the  sheep 
in  that  country.   In  London,  where  no  lean  animals  are  slaughtered,  and  where,  indeed. 
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an  eztniTagant  and  nselefls  degree  of  &ttemng,  at  least  for  the  purpose  of  food,  is 
given  to  slieep  in  particnlar,  it  is  easy  to  comprehend  why  their  membranes  can  never 
afford  a  material  of  the  requisite  tenacity.  It  is  less  easy  to  suggest  an  adequate 
remedy ;  but  a  knowledge  of  the  general  principle,  should  this  notice  meet  the  eyes  of 
those  interested  in  the  subject,  may  at  least  serve  the  purpose  of  diminishing  the  evil 
and  improving  the  manufacture,  by  inducing  them  to  choose  in  the  market  the  o&l  of 
such  fflrof^<MM«  as  appear  least  overburthened  with  f&t.  It  is  probable  that  such  a 
manu&cture  might  l^  advantageously  established  in  those  parts  of  the  countxy  where 
the  fashion  has  not,  as  in  London,  led  to  the  use  of  meat  so  much  overfed ;  and  it  is 
equally  likely,  that  in  the  choice  of  sheep  for  this  purpose,  advantage  would  arise  from 
using  the  Welsh,  the  Highland,  or  the  Southdown  breeds,  in  preference  to  those  which, 
like  the  Lincoln,  are  prone  to  excessive  accumulation  of  fatw  It  is  equally  probable 
that  sheep  dying  of  some  of  the  diseases  accompanied  by  emaciation,  would  be 
peculiarly  adapted  to  this  purpose. 

That  these  suggestions  are  not  merely  speculative  is  proved  by  oompaiiog  the 
strength  of  the  membranes  in  question,  or  that  of  the  other  membranous  parts,  in 
the  unfattened  Highland  sheep,  with  that  of  those  found  in  the  London  markets. 

OATflASTIira.  A  bitter,  non-azoUsed,  pur^tive  substance  found  in  senna. 
Its  formula  is  not  known.  To  prepare  it,  an  alpohobc  extract  of  senna  leaves  is  to  be 
evaporated  to  dryness,  and  then  treated  with  water  as  long  as  anything  is  dissolved. 
Hie  aqueous  solution  contains  the  cathartine  mixed  with  several  impurities.  A  con- 
siderable amount  of  the  latter  may  be  got  rid  of  by  adding  a  solution  of  acetate  of  lead 
as  long  as  a  precipitate  is  formed,  and  then  filtering  through  a  calico  bag. 

CAT&ZVXra.  A  day-stone  so  called  after  Catlin  the  American  traveller.  It  is 
carved  into  tobacco  pipes  by  the  North  American  Indians. 

CAT'S  BTB.  A  translucent  quartz,  presenting  peculiar  internal  reflections. 
This  effiM^  is  said  to  be  owing  to  filiunents  of  asbestos.  When  cut  en  eaboohon,  it  is 
esteemed  as  an  ornamental  stone.  This  quartzose  cat^s-eye  comes  chiefly  from. 
G^lon.  A  brown  variety  £rom  South  A£nca,  consists  of  fibrous  quarts  pseudomor- 
phous  after  the  mineral  called  croddolite. 

The  Orimial  Ca^t-eye  is  a  fibrous  variety  of  ChxysoberyL    See  Ctmofhaxb. 

OAT*8-STB  XBBZir.     See  Daioiab. 

OATmUP*    A  name  given  by  Br.  Eitchiner  to  Eetefanp.    See  Estghttf. 

dATTBanrVBOO.  A  name  given  to  an  elastic  gum  or  hydro-carbon  obtained 
from  some  species  of  plants  in  India. 

OAinvmi  &OBB.    A  mining  temu    See  MnoHO. 

CAVSTXO.  Anjr  chemical  substance  corrosive  of  the  skin  and  flesh ;  as  potash 
called  common  caustic, — and  nitrate  of  silver,  called  lunar  caustic,  by  surgeons. 

OAVXABB.  The  salted  roe  of  certain  spedee  of  fidi,  especially  the  sturgeon. 
This  product  forms  a  considerable  artide  of  trade,  being  exported  annually  from  the 
town  of  Astrakhan  alone,  upon  the  shores  of  the  Gupian  Sea,  to  the  amount  of 
several  hundred  tons.  The  Italians  first  introduced  it  into  Eastern  Europe  firom 
Ck>n8tantinople,  under  the  name  of  caviale.  Bussia  has  now  monopolised  tins  bruich 
of  commerce.    It  is  prenaied  in  the  following  manner : — 

The  female  sturgeon  is  gutted ;  the  roe  is  sepaiated  firom  the  other  parts,  and  deaned 
by  passing  it  through  a  very  fine  scarce,  by  rutbing  it  into  a  pulp  between  the  hands : 
this  is  afterwards  thrown  into  tubs,  with  the  addition  of  a  considerable  quantity  of 
Mklt;  the  whole  is  then  well  stirred,  and  set  aside  in  a  warm  apartment  There  is 
another  sort  of  caviare, — ^the  compressed — ^in  which  the  roe,  after  having  been  cured 
in  strong  brine,  is  dried  in  the  sun,  then  put  into  a  cask,  and  subjected  to  strong 
pressure. 

CAWX,  The  English  miner^s  name  for  massive  sulphate  of  baryta,  or  heavy 
spar. 

OATBBBB  VBPVBBt    The  powdered  f^uit  of  several  species  of  Capsicum. 

CBBAB.  (Cidref  Er. ;  Ceder^  Ger.)  The  cedar  of  Lebanon,  or  great  cedar  {Ptnus 
cedrus),  is  a  cone-bearing  tree.  This  tree  has  been  famous  since  the  days  of  Solomon, 
who  used  it  in  the  construction  of  the  Temple.  The  wood  has  been  obtained  from 
Crete  and  Africa. 

Spedmens  have  also  been  procured  from  Morocco,  showing  the  probability  that  the 
range  of  the  tree  not  only  extends  over  the  whole  group  of  mountains  which  is  situate 
between  Damascus  and  Tripoli,  and  which  indudes  the  Libanus  and  Mounts  Amanus 
and  Taurus  of  antiquity,  and  various  others, — ^but  that  its  distribution  on  the  moun- 
tainous regions  of  North  Africa  is  extensive. 

Indeed,  if  we  are  to  suppose  that  the  cedar  and  the  cedar  wood  mentioned  by 
many  of  the  andent  writers  referred  exclusively  to  the  Lebanon  species,  we  must 
believe  that  its  distribution  at  one  period  extended  over  countries  where  no  trace  of 
its  having  existed  now  remains.    Sgypt,  Crete,  and  Cyprus  are  mentioned  by  Pliny 
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and  Theophrastufi  as  natave  habitats  of  the  Cedrus ;  "we  may  thns  fairly  infer  tliat  tho^ 
Cedrua  of  the  ancients  as  frequently  had  reference  to  the  other  dymfera  as  to  the 
Lebanon  species. 

The  pencil  cedar  is  the  Jwniperw  Virgimana.  It  is  imported  £rom  America  in 
pieces  tsom  6  to  10  inches  square.  The  grain  of  the  "wood  is  remarkably  regular 
and  soft,  on  which  account  principally  it  is  used  for  the  mann&cture  of  pencils,  and 
from  its  agreeable  scent  for  the  inside  of  small  cabinets ;  it  is  also  made  into  matches 
for  the  drawing-room. 

The  general  use  of  the  cedar  wood  dates  from  the  highest  antiquity.  Pliny  makes 
mention  of  cedar  wood  and  the  uses  to  which  it  was  appb'ed,  and  ates,  as  ezamj^es  of 
its  durability  and  imperishable  nature,  the  timber  c^  a  temple  of  Apollo  at  Utica, 
in  Africa,  which,  was  neariy  2,000  years  old,  was  found  to  be  perfectly  sound, — and 
the  famous  statue  of  Diana  in  the  temple  of  Saguntum  in  S^^.  Cedria,  an  oil  or 
resin  extracted  from  a  cedar,  was  also,  according  to  Vitruvius,  used  to  smear  over 
the  leaves  of  the  papyrus  to  prevent  the  attacks  of  worms ,  and  Flin^  states  that  the 
Egyptians  applied  it  with  other  drugs  in  the  preparation  of  their  mummies;  but 
whether  this  extract  was  obtained  from  the  Lebanon  cedar  or  from  trees  belonging  to 
the  genus  Cupressus  or  Junipenu,  which  also  ofBord  odoriferous  renns,  it  is  now 
impossible  to  ascertain. 

*  In  regard  to  the  cedar  and  cedar  wood  mentioned  in  profane  history,  it  is  difficult, 
from  what  we  have  already  stated,  to  determine  what  haa  reference  to  the  true  cedar, 
and  what  belongs  to  other  coniferous  species ;  all  that  we  can  know  for  certainty  is 
that  a  wood  called  cedar,  distinguished  for  its  incorruptible  nature,  was  frequently 
used  for  purposes  most  important  in  the  eyes  of  the  pagan,  vijc.,  in  the  building 
and  decoration  of  their  temples,  and  for  the  statues  or  images  of  their  heroes  and 
gods. 

The  peculiar  balsamic  odour  of  cedar  has  long  been  held  as  a  means  to  preserve 
lirticles  from  the  attacks  of  insects ;  chips  and  shavings  of  the  wood  have  been  in  this 
way  kept  in  collections  of  linen,  papers,  and  objects  of  preservation.  Cabinets  have 
been  recommended,  or  at  least  die  drawers  and  fittings,  to  be  made  of  cedar.  It  may 
be  useful  to  call  attention  to  some  facts  when  cedar  is  employed  as  a  means  of 
preservation. 

That  the  odoriferous  substance  when  diffiised  may  a£fect  some  forms  of  organic 
life,  is  not  disputed,  but  it  is  as  probable  some  of  the  effect  may  be  due  to  covering 
the  insect  wim  a  coating  of  varnish,  alike  irritating  and  inte^ering  with  the  tex- 
ture of  the  surfaces  of  the  body ;  but  the  rule  cannot  be  general ;  if  the  creatures 
have  a  sufS&ient  hardihood  they  may,  and  indeed  do,  attack  the  wood  itself. 

The  following  cases  will  show  that  the  substances  emanating  from  cedar  may  ]pro« 
duce  unexpected  interference.  Mr.  Yulliamy  states  that  George  TTT,  had  a  cabmet 
in  the  observatory  at  Kew  with  drawers  of  cedar  wood  in  them ;  watches  were 
placed  with  the  intention  of  keeping  them  going.  In  a  short  time  they  all  came  to 
rest ;  the  experiment,  however,  repeated  had  the  same  result :  on  examination,  the 
oil  used  in  different  parts  of  the  watches  was  found  to  be  completely  changed  into  a 
substance  like  gum.  Mr.  Fare/s  observations,  also  communicated  to  the  Institution 
of  Civil  Engineers,  still  more  show  the  extraordinary  atmosphere  produced  in  dose 
cabinets  of  cedar  wood,  and  of  the  effects  upon  delicate  objects.  The  late  Mr.  Smith  of 
Derby  having  shown  him  a  small  collection  of  minerals  which  have  been  locked  up  in 
closely-fitted  drawers  of  cedar  wood ;  on  opening  the  drawers  for  the  first  time  alter 
some  months,  the  minerals  were  found  to  be  covered  with  a  gummy  matter  having  the 
strong  odour  of  cedar,  and  troublesome  to  remove ;  the  bright  surface  of  the  cr^tals 
appeared  as  if  varnished  in  an  unskilful  manner^  The  cedar  had  given  off  a  vapour 
that  had  condensed  on  all  the  minerals,  and  the  same  eflect  might  be  expected  to  be 
produced  upon  watches,  metals,  and  other  substances. 

White  cedar  is  a  native  of  North  America,  China,  and  Cochin  China ;  in  the  United 
States  it  occupies  large  tracts,  denominated  cedar  swampa.  The  wood  is  soft,  smooth, 
and  of  the  aromatic  smell,  and  internally  of  a  red  colour,  permanent  in  shape,  very 
durable,  and  is  esteemed  as  a  material  for  fences.  Large  qxiantities  of  shingles  are 
made  of  it ;  it  is  a  favourite  material  for  wooden  wares  or  the  nicer  kinds  of  coopers' 
work. 

Colonel  Lloyd,  speaking  of  another  species  of  cedar,  the  Jtmiperus  JBermudiana, 
says,  *  Up  to  this  time  there  are  great  quantities  of  the  finest  cedar  growing  in  the 
British  island  of  Bermuda,  and  the  best  ships  and  schooners  are  always  buut  oi  it; 
it  is  imperishable.' 

The  cedar  known  to  cabinet  makers  as  the  Havannah  cedar  is  the  wood  of  the 
Cedrela  odorata  of  Linnaeus,  and  belongs  to  the  same  natural  order  as  mahogany.  All 
the  cigar  boxes  from  Havannah  are  made  of  this  kind  of  cedar ;  it  is  imported  from 
the  ii£ind  of  Cuba,  and  is  used  for  the  insides  of  drawers  and  wardrobes* 


Digitized  by  VjOOQIC 


CBLESTINE  753 

New  South  Wales  produces  a  cedar,  Ckdrda  Toona,  somewhat  rioidlar  to  the  Havan- 
nah,  but  more  red  in  cdonr. 

A  similar  kind  is  found  in  the  East  Indies ;  the  Himalayan  cedar,  Juniperua  excdsa, 
is  harder  and  less  odoriferoos  than  the  pencil  cedar. 

In  the  '  Sketch  of  the  ftoute  and  Progress  of  Lieutenant  A.  Bumes  and  Dr.  Gerard, 
by  a  recent  traveller'  (*  Journal  of  Asiatic  Society  of  Bengal/  Calcutta,  vol.  i.,  1832), 
in  their  adventurous  loumey  to  explore  the  Oxus,  it  is  stated : — 

*  While  on  the  banks  of  the  Jelum  tiiey  were  much  struck  by  the  immense  size  of 
the  firs  floatinff  down  the  river.  The  houses  in  aU  the  towns  along  its  banks  are 
zoofed  therewiUu 

*  Immense  cedar  trees  were  seen  rolled  down  firam  the  hills;  it  was  these  which 
supplied  materials  for  Alexandeor^s  fleet.  One  tree  measured  13  feet  in  girth,  which 
may  aSbsd  some  idea  <tf  their  applicability.' 

There  is  much  confturion  in  &ie  application  of  the  term  Oedar,  several  trees  which 
are  not  cedars  being  so  called. 

The  cedar  of  Lebanon  is  usually  called  PitiUB  cedrta,  but  sometimes  Cedrus  Libanus^ 
The  lofty  deodara,  a  native  of  the  BSmalayas,  with  fragrant  and  almost  imperishable 
wood,  and  often  called  the  Indian  cedar,  is  sometimes  referred  to  the  genus  Pmus, 
and  sometimes  to  that  of  Cedrus  orLarix,  with  l^e  specific  name  of  deodara. 

The  wood  of  several  coniferse  is,  however,  called  cedar.  The  wood  of  Juntperus 
Virgimana  is  known  as  the  red  or  pencil  cedar,  and  that  of  J,  Bermudiana  is  called 
Beimuda  cedar ;  that  of  J.  Barbadmsis  forms  Barbadoes  cedar,  while  the  juniper  of 
thenorthof  Spain  and  south  of  France  and  of  the  Levant  is  oaUed  (7.  oxv^  The 

white  cedar  of  North  America,  a  lees  valuable  wood  than  the  red  cedar,  is  yielded 
by  Chtpreasus  thyoides^  and  the  cedar  wood  of  Japan,  according  to  Thunberg,  is  a 
species  of  cypress. 

The  name  cedar  is,  however,  applied  to  a  number  of  woods  in  our  different  colo- 
nies which  are  in  no  way  related  to  the  conifersB ;  thus,  the  cedar  of  Guiana  is  the- 
wood  olloiea  aUissima ;  the  white  wood  or  white  cedar  of  Jamaica  is  Bignonia  Uuoo- 
xylan;  and  bastard  cedaris  Qnwfuma  ulmtfoUa.  In  New  South  Wales,  again,  the  term 
white  cedar  is  applied  to  MeUa  agedaraeh,  and  red  cedar,  to  the  FUnderna  austrdiSt 
as  well  as  to  the  wood  toon  tree,  or  Cedrda  Ibona. 

Cedar  wood  yields  a  very  fine  essential  oil  by  distillation,  in  the  proportion  of 
about  15  OB.  to  every  hundred  pounds  weight  of  wood.  The  perfumei^-makera  find 
a  considerable  .use  for  essential  oil  of  cedar.  It  is  now  known  that  all  tiie  odoriferous 
woods,  such  as  sandal  wood,  mysdl  wood,  rose  wood,  yield  their  perfumes  at  the  ordi- 
Baxy  temperature.  If  these  woods  in  chips  be  put  into  a  glass  jar  for  a  year  the  in- 
tericttwill  be  coated  with  a  heavy  dew  of  perfume. 

OWDAR  OfUMm  A  gum  used  for  many  medicinal  purposes,  obtained  £rom  the 
branches  and  cones  of  the  Widdwfftoniajuniperaides, 

OSDBA  (CSdrai,  Er.)  is  the  fruit  of  a  species  of  orange,  citron,  or  lemon,  a  tree 
which  bears  the  same  name.  Its  peel  is  very  thick,  and  covered  with  an  epidermis 
which  encloses  a  veiy  fragrant  and  highly-t)ri2ed  essential  oil.  The  preserves  flavoured 
with  it  are  very  agreeable.  The  citrons  are  cut  into  quarters  for  the  dry  comfits, 
but  are  put  whole  into  the  liquid  ones.  The  liquorist-perfiimer  makes  with  the  peel 
of  the  cMra  an  excellent  liqueur ;  for  which  purpose,  he  plucks  them  before  they  are 
quite  ripe ;  grates  down  the  peel  into  a  little  brandy,  or  cuts  them  into  slices,  and 
infuses  these  in  the  spirits.  This  infusion  is  distilled  for  making  perftune ;  but  the 
flavour  is  better  when  the  infusion  itself  is  used.    See  Perfumkbt. 

CXHROV.  Simaba  Cedron,  A  tree  which  grows  in  the  hottest  parts  of  New 
Ghranada.  It  yields  to  alcohol  a  crystallisable  substance — cedrin.  It  has  an  intensely 
and  persistently  bitter  taste.  

ca&BSmnB  orOa&aSTITB.  {CHesHne,  Er. ;  CoUsHn,  6^r.)  Native  sulphate  of 
strontiafSrCSO*  (8rSO*).  This  mineral  occurs  in  prismatic  ortabular  crystals  belong** 
ing  to  the  riiombic  system,  and  often  resembling  those  of  sulphate  of  baryta.  In  other 
physical  characters,  also,  the  two  species  are  likely  to  be  confounded.  Density,  if  care* 
niUy  determined,  a£R>rds  a  fedr  means  of  discrimination,  though  the  difference  is  not  very 
striking;  the  specific  weight  of  celestine  never  rises  above  4,  whilst  that  of  baiytes  is 
about  4*5.  Blowpipe  reactions  offer  better-marked  means  of  distinction ;  celestine  im- 
parting to  the  fiame  a  crimson-red  colour  characteristic  of  all  strontia-compoimds,  whilst 
barytes  colours  the  flame  yellowish-green. 

The  name  CeUstvne  (from  codeetis^  *  sky-blue ')  has  reference  to  the  pale  blue  tint 
which  the  mineral  frequently  presents ;  in  some  cases  this  has  been  referred  to  th» 
presence  of  a  trace  of  phosphate  of  iron.  It  should  be  remembered,  however,  that  this 
colour  is  neither  a  necessary  characteristic  nor  a  sufficient  means  of  diagnosis ;  many  of 
the  finest  specimens  of  celestine  being  colourless,  whilst  a  blue  colour,  equally  pronounced 
with  that  of  the  most  typical  celestine,  is  occasionally  presented  by  crystals  of  barytes. 
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Celeetine  oocon  in  fine  crystals,  associAted  with  solphnr  and  gypsom,  at  Gixgenti 
ia  Sicily ;  and  is  also  found  nnder  like  drcumstances  at  Oonil  in  Spain.  With  tock- 
salt  and  gypsom,  it  is  found  at  Bex  in  Switeerland,  and  at  Ischl  in  the  Salzkammergut. 
It  occurs  abundantly,  also  with  gypsum,  in  the  New  Bed  marls  in  the  neighbourhood 
of  Bristol;  it  is  found  in  nummulitio  limestone  (Eocene)  at  Mokattam,  near  Cairo ;  and 
in  Trenton  limestone  (Lower  Silurian),  at  Strontian  Island  and  elsewhere  on  I^ke 
Huron.  It  is  recorded  from  the  eruptiye  rodcs  of  Calton  Hill,  Edinburgh;  and 
from  the  neighbourhood  of  Tantellan  in  the  East  Lothians.  It  is  found  in  chalk- 
flints  at  Meudon  near  Paris ;  and  in  the  gypsum-quarries  of  Mootmartre.  fine  fibrous 
masses  of  blue  celestine  come  from  the  neighbourhood  of  Jena. 

Oelestine  is  decomposed  by  ignition  with  charcoal  into  sulphide  of  strontium,  whidi 
is  converted  into  the  nitrate  by  the  action  of  nitric  acid.  The  nitrate  of  strontia  is 
employed  for  the  production  of  the  red  light  in  theatrical  fireworks. 

OBUUnbAS  BBAM.  An  am>lieation  of  wrought  iron,  in  whidi  wrou^t  iron 
plates  are  rivetted  with  angle  irons  in  the  form  of  longitudinal  cells  with  occasional 
cross  stmts.    Fairbaim  on  Cast  and  Wroftght  Jron, 

oa&&V&O0B.  The  essential  part  of  the  solid  ficamework  of  plants.  SeeWatta^ 
*  Dictionary  of  Chemistry.' 

camUffTATlOJf.  A  chemical  process,  which  consists  in  imbedding  a  solid  body 
in  a  pnlyerulent  matter,  and  exposing  both  to  ignition  in  an  earthen  or  metallic  case. 
In  tUs  way,  iron  is  cemented  with  charcoal  to  form  steel,  and  bottle  glass  with  gypsum- 
powder,  or  with  sand,  to  foarm  B^umur^s  porcelain. 

OHmnrr  OOWBK.  The  precipitate  of  metallic  copper,  formed  by  the  action 
of  iron  on  a  solution  of  a  salt  of  copper,  is  called  Cement  Capper.  In  like  manner,  tlie 
silyer  precipitated  from,  a  solution  of  a  silTer  salt  by  metallic  copper  is  known  as 
Cement  Silver. 

OBMSVTS.  (dmente,  Fr. ;  Camente,  KUte,  Ger.)  Substances  which  are  capable 
of  assuming  the  liquid  form  and  of  being  applied  between  the  snrfaces  of  bodies  so  as 
to  unite  them  firmly  when  solidifying.    They  are  of  yeiy  yaried  character. 

Gum,  glue,  and  paste  are  cements,  the  uses  of  which  are  well  known. 

Diamond  eement  is  a  preparation  of  idnglass  and  gum  ammoniacum  dissolved  in 
alcohol  f see  Ammokiacxtk  Gttm)  :  it  is  employed  to  mend  glass  and  china. 

Sir  Jonn  Robinson's  cement  he  thus  describes : — 

'  If  it  be  wished  to  dissolye  good  isinglass  in  spirits  of  wine,  it  should  first  be 
allowed  to  soak  for  soma  time  in  odd  water,  when  swelled  it  is.  put  into  the 
spirit,  and  the  bottle  containing  it  beinff  set  in  a  x^an  of  cold  water  may  be  brought 
to  the  boiling  point,  when  the  isinelass  will  melt  into  a  uniform  jelly,  without  lumps 
or  strings,  wmch  it  is  apt  to  haye  if  not  swelled  in  cold  water  preyiously  to  b^ng  put 
into  spirits.  A  small  addition  of  any  essential  oil  diminishes  its  tendency  to  become 
mouldy. 

<If  gelatine,  which  has  been  swelled  in  cold  water,  be  immersed  in  linseed  oil  and 
heated  it  dissolyes,  and  forms  a  glue  of  remarkable  tenacity,  which,  when  once  dry, 
perfectly  resists  damp,  and  two  pieces  of  leood  joined  by  it  will  separate  anjrwhere 
else  rather  than  at  the  joint.  O^iinary  glue  may  be  thus  dissolyed,  and  sometiinee  a 
small  quantity  of  red  lead  in  powder  is  added.' 

Shellac  dissolyed  in  alcohol,  or  in  a  solution  of  borax,  or  still  better  in  naphtha, 
forms  a  good  cement.  White-of-egg  alone,  or  mixed  with  finely  sifted  quick- 
lime, will  answer  for  uniting  objects  which  are  not  exposed  to  moisture.  The  latter 
combination  is  yery  strong,  and  is  much  employed  for  joining  pieces  of  spar  and 
marble  ornaments.  A  similar  composition  is  used  by  coppersmiths  to  secure  the 
edges  and  riyets  of  boilers ;  only  bullocks'  blood  is  the  albuminous  matter  used  in- 
stead of  white-of-egff.  Anofiher  cement  in  which  an  analogous  substance,  the  curd 
or  caseum  of  milk  is  employed,  is  made  by  boiling  slices  of  skim-milk  cheeses  into 
a  gluey  consistence  in  a  great  quantity  of  water,  and  then  incorporating  the  mixture 
with  quicklime  on  a  slab  with  a  muller,  or  in  a  marble  mortar.  "Wnen  this  com- 
pound is  applied  warm  to  broken  edges  of  stoneware,  it  unites  them  yery  firmly  after 
it  is  cold. 

A  cement  which  gradually  indurates  to  a  stony  consistence  may  be  made  by  mixing 
20  parts  of  dean  riyer  sand,  2  of  litharge,  and  1  of  quicklime,  into  a  thin  putty  with 
linseed  oil.  When  this  cement  is  applied  to  mend  broken  pieces  of  stone,  as  st^M  of 
stairs,  it  acquires  after  some  time  a  stony  hardness.  A  sumlar  composition  has  been 
applied  to  coat  oyer  bride  walls,  under  the  name  of  *  Mastic'  Portland  oolite  powder 
with  a  little  litharge  and  oil  makes  good  mastic. 

The  iron-rust  cement  is  made  of  from  50  to  100  parts  of  iron  borings,  pounded 
and  ^ifted,  mixed  with  one  port  of  sal-ammoniac,  and  when  it  is  to  be  applied 
moistened  with  as  much  water  as  will  giye  it  a  pasty  consistency.  Formerly  fiowen 
of  sulphnz  were  used,  and  much  more  aftl-ammoniac,  in  making  this  cement,  but  with 
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decided  disadrantage,  as  the  union  is  efiected  by  the  ozidisement,  consequent  expan- 
sion wad  solidification  of  £he  iron  powder,  and  any  heterogeneous  matter  obstructs  the 
effect.  The  best  proportion  of  sal-ammoniao  is,  one  per  cent,  of  the  iron  borings. 
Another  composition  of  the  same  kind  is  made  by  mixing  4  parts  of  fine  borings  or 
filings  of  iron,  2  parts  of  potters'  day,  and  Ipart  of  pounded  potsherds,  and  making 
them  into  a  paste  with  salt  and  water.  When  this  cement  is  allowed  to  concrete 
slowly  on  iron  joints  it  becomes  yezy  hard. 

For  making  architectural  ornaments  in  relief,  a  moulding  composition  is  formed  of 
chalk,  glue,  and  paper  paste.  Even  statues  have  been  made  with  it»  the  paper  aiding 
the  cohesion  of  the  mass.    Some  French  statuettes  are  so  made. 

Mastics  of  a  resinous  or  bituminous  nature  which  must  be  softened  or  fused  by  heat 
are  the  following : — 

Mr.  S.  Yarleys  consists  of  16  parts  of  whiting  sifted  and  thoroughly  dried  by  a  red 
heat»  adding  when  cold  a  melted  mixture  of  16  parts  of  black  resin  and  1  of  bees*- 
wax,  and  stirring  well  during  the  cooling. 

Mr.  Singer^s  electrical  and  chemical  apparatus  cement  consists  of  6  lbs.  of  resin, 
1  of  bees'-wax,  1  of  red  ochre,  and  2  tablespoon!^  of  Paris-plaster,  all  melted  to- 
gether. The  ochre  and  the  plaster-of -Fans  should  be  calcined  boforehand,  and  added 
to  the  other  ingredients  in  their  melted  state.  The  thinner  the  stratum  of  cement  that 
is  interposed,  me  stronger,  generally  speaking,  is  the  junction. 

Boiled  linseed  oil  and  red  lead  mixed  together  into  a  put^  are  c^n  used  by  copper- 
smiths and  engineers  to  secure  joints,  ^e  washers  of  leather  or  cloth  aie  smeared 
with  this  mixture  in  a  pasty  state. 

The  resin  mastic  alone  is  sometimee  used  by  jewellers  to  cement  by  heat  eameos  of 
white  enamel  or  coloured  glass  to  a  real  stone,  as  a  ground  to  produce  the  appearance 
of  an  onyx.  Mastic  is  likewise  used  to  cement  false  backs  or  doublets  to  stones  to 
alter  their  hue. 

Melted  brimstone,  either  alone  or  mixed  with  resin  and  brick-dust,  forms  a  tolerably 
good  and  veiy  cheap  cement. 

Plumbers'  cement  consists  of  black  resin  1  parti  and  brick-dust  2  parts,  well  in- 
corporated by  a  melting  heat. 

The  cement  for  coating  the  fronts  of  buildings  consists  of  linseed  oil,  rendered  dry 
by  boiling  with  litharge,  and  mixed  with  porodain  clay  in  fine  powder,  to  give  it  the 
consistence  of  stiff  mortar.  Pipe-day  would  answer  equally  well  if  well  dried,  and 
any  colour  might  be  ^ven  with  ^und  bricks  or  potteiy.  A  little  oil  of  turpentine 
to  thin  this  cement  aids  its  cohesion  upon  stone,  brick,  or  wood.  It  has  been  applied 
to  sheets  of  wire  doth,  and  in  this  state  laid  upon  terraces,  in  order  to  make  them 
water-tight;  but  it  is  little  less  expensiye  than  lead. 

The  bituminous  or  black  cement  for  bottle  corks  consists  of  pitch  hardened  by  the 
addition  of  resin  and  bride-dust. 

In  certain  localities  where  a  limestone  impregnated  with  bitumen  occurs,  it  is  dried, 
ground,  sifted,  and  then  mixed  with  about  its  own  weight  of  melted  pitch,  either 
mineral,  yegetable,  or  that  of  coal-tar.  When  this  mixture  is  getting  semifiuid,  itmay 
be  moulded  into  large  dabs  or  tiles  in  wooden  firames  lined  with  sheet  iron,  preyioudy 
smeared  over  with  common  lime-mortar,  in  order  to  prevent  adhedon  to  the  moulds, 
which,  bdng  in  moTeable  pieces,  are  easily  dismounted  so  as  to  turn  out  the  cake  of 
ardfidal  bituminous  stone.  This  cement  is  manu&ctured  upon  a  great  scale  in  many 
places,  and  used  for  making  Italian  terraces,  covering  the  floors  of  balconies,  flat 
roofs,  water  reservdrs,  water  conduits,  &c.  When  laid  down,  the  joints  must  be  well 
run  together  with  hot  irons.  The  floor  of  the  terrace  should  be  previously  covered 
with  a  layer  of  Paris-plaster,  or  common  mortar,  nearly  an  inch  thick,  with  a  regular 
slope  of  one  inch  to  the  yard.  Such  bituminous  cement  weighs  144  pounds  the  cubic 
foot ;  or  a  foot  of  square  surface,  one  inch  thick,  weighs  12-  pounds.  Sometimes  a 
second  laver  of  these  slabs  or  tiles  is  applied  over  the  first,  with  the  precaution  of 
making  the  seams  or  joints  of  the  upper  correspond  with  the  middle  of  the  under 
ones.  Occadonally  a  bottom  bed,  of  coarse  doth  or  grey  paper,  is  applied.  The 
larger  the  slabs  are  made,  as  £u  as  they  can  be  conveniently  transported  and  laid  down, 
so  much  the  better.    For  hydraulic  cements,  see  Htdhaulio  Cements  and  Mobtab. 

An  excellent  cement  for  resisting  moisture  is  made  by  incorporating  thoroughly 
eight  parts  of  melted  glue,  of  the  consistence  used  by  carpenters,  with  four  parts  of 
linseed  oil,  boiled  into  varnish  with  lithaige.  This  cement  hardens  in  about  forty- 
eight  hours,  and  renders  the  joints  of  wooden  dstems  and  casks  air-  and  water-tight. 
A  compound  of  glue  with  one-fourth  its  wdght  of  Venice  turpentine,  made  as  above, 
serves  to  cement  glass,  metal,  and  wood  to  one  another.  The  gluten  of  wheat,  well 
prepared,  is  also  a  good  cement.  White-of-egg  with  fiour  and  water  woU  mixed, 
ana  smeared  over  linen  doth,  forms  a  ready  lute  for  steam  joints  in  small  apparatus. 

White  lead  ground  upon  a  slab  with  linseed-oil  varnish,  and  kept  out  of  contact  of 
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roTj  affords  a  cement  capable  of  repairing  firactored  Inxlies  of  all  kindfl.  It  requires  a 
few  weeks  to  harden.  When  stone  and  iron  are  to  be  cemented  together,  a  compound 
of  equal  parts  of  sulphur  and  pitch  answers  Tenr  weU. 

Lapdaries'  cement  is  made  of  resin,  temperea  with  bees'-wax  and  a  little  tallow,  and 
hardened  with  red  ochre  or  Spanish  brown  and  whiting. 

Opticians'  cement,  for  fixing  glasses  for  ^nding,  is  made  by  mixing  sifted  wood  ashes 
with  melted  pitch,  the  essential  oil  of  which  is  absorbed  b^  me  wooa  ashes,  and  the  ad- 
hesiyeness  of  the  pitch  is  therefore  reduced.  The  proportions  are  somewhat  dependent 
on  the  temperature  of  the  weather  and  the  qualities  of  the  pitch ;  but  generallj  about 
4  lbs.  of  wood  ashes  to  14  lbs.  of  pitch  are  employed,  and  the  cement,  if  too  hard  and 
brittle,  is  softened  with  hogs'  lard  and  tallow. 

Japanese  cement  is  said  to  be  prepared  by  mixing  rice  flour  intimately  with  cold 
water,  and  then  boiling  the  mixture ;  it  is  white,  and  dries  nearly  transparent.    See 

MOBTAB. 

For  Portland  cement^  Boman  cementi  Scott^s  cement,  &c    See  Htdbaitlic  Cements. 

iUUi  TAVRT.  Cmiaureaoalciirapa,  The  common  star-thistle  ,*  an  herb,  the  root 
and  leaves  of  which  are  bitter.  The  term  centaury  is  also  apj^lied  to  ErythnBa  Cen- 
taurium  (the  common  centaury),  one  of  the  Gentian  family.  It  is  said  to  be  sometimes 
used  instead  of  hops. 

SeeMaTBio  Ststbm. 

See  Thbbuoxbtbb. 
See  Mbtbic  Stbteil 

OMM  TJJMOiTBB*    See  Metric  Ststbm. 

OMITaMa,    The  ZoUyerein  Centner  contains  110*231  English  lbs.  aymrdupois. 

OBlfmmOAXi  MACBIVB.  A  machine  in  which  advantage  is  taken  of  the 
force  produced  by  centriftigal  motion.  Several  of  the  old  mills  were  of  this  descrip- 
tion. This  term  has  been  not  very  correctly  applied  to  Barhf's  Mill  as  it  is  often 
called ;  but  which  was  fully  described  by  JDeacytMlierB  (vol.  IL  p.  468),  in  which 
water  is  made  to  act  on  a  machine  by  its  weight.  Barker^s  mill  consists  of  an 
Tipri^t  pipe  which  communicatee  with  two  horizontal  branches  having  holes  near 
their  ends  opening  in  o^mosite  directions.  Desagoiliers  affirms  the  pressure  to  be  the 
weight  of  a  column,  which  would  produce  a  velocity  of  efflux  equal  to  the  difference  of 
the  velocity  of  the  fluid  and  of  the  machine ;  and  hence  he  deduces  that  its  perfbrmance 
will  be  the  greatest  possible  when  its  retrcjgmde  velocity  is  one-third  of  the  velocity 
acquired  by  fEJling  ^m  the  surface,  in  which  case  it  will  raise  ^ths  of  the  water 
expended  to  the  same  height,  which  is  double  of  the  performance  en  a  mill  acted  on  by 
the  impulse  of  water. 

But  this  is  a  very  imperfect  account  of  the  operation.  When  the  machine 
(constructed  exacti^  as  we  have  described)  moves  round,  the  water  which  issues 
descends  in  the  vertical  trunk,  and  then,  moving  along  the  horizontal  arms,  partakes 
cf  this  circular  motion.  This  excites  a  centriftigal  force,  which  is  exerted  against  the 
ends  of  the  arms  by  the  intervention  of  the  fluid.  The  whole  fluid  is  subjected  to  this 
pressure  (increasing  for  every  section  across  the  arm  in  the  proportion  of  its  distance 
from  the  axis),  and  every  pturticle  is  pressed  with  the  accumulated  centrifogal  forces 
of  all  the  sections  that  are  nearer  to  the  axis.  Every  section,  therefore,  sustains  an 
actual  pressure  proportional  to  the  square  of  its  distance  from  the  axis.  This  increases 
the  velocity  of  elQux,  and  this  increases  the  velocity  of  revolution,  and  this  mutual  co- 
operation would  seem  to  terminate  in  an  infinite  velocity  of  both  motions.  But,  on  the 
other  hand,  this  circular  motion  must  be  given  anew  to  every  particle  of  water  as  it 
enters  the  horizontal  arm.  This  can  be  done  only  by  the  motion  already  in  the  arm« 
and  at  its  expense.  Thus,  there  must  be  a  veloci^  which  cannot  be  overpassed  even 
by  an  unloaded  machine.  But  it  is  also  plain,  that  by  making  the  horizontal  arm  very 
capacious,  the  motion  of  the  water  from  the  axis  to  the  jet  may  be  made  very  slow, 
and  much  of  this  diminution  of  circular  motion  be  prevented.  '  System  of  Medbanical 
Philosophy,  by  John  Eobinson,'  pp.  616,  617.  Centrifiigal  pumps,  correctiy  speaking, 
are  such  as  liave  water  admitted  at  the  axis  of  a  hollow  whedl,  traversed  by  vanes, 
which  being  made  to  revolve  rapidly  expels  the  water  at  the  circumference.  The  p9|w 
by  which  tiie  water  reaches  the  axis  of  the  wheel  or  the  reservdr  which  feeds  it, 
becomes  under  these  drcnmstances  a  suction-pipe,  and  if  the  reservoir  into  which  the 
water  is  received  firom  the  periphery  of  the  wheel  be  dosed,  and  a  pipe  be  carried  from 
it  upwards,  the  latter  becomes  a  force  pipe.  Appold's  Centrifugal  Pump,  and  Gvrynn's, 
are  examples  of  this  kind  of  machine  m  practice ;  they  are  largely  employed  in  raising 
large  bodies  of  water  to  a  small  height.  Centrifugal  machines  were  used  in  America 
in  1880 ;  Mr.  M*Carty  erected  one  in  the  navy  yard,  New  York,  in  1880.  M.  Ch. 
Combes  describes  a  centrifogal  machine  in  a  paper  entitled  '  Sur  Us  Roues  d$  RiaeHon,* 
(Comptes  Rendus,  vol.  vii.  2me.  Semestre,  1838,  p.  306).  In  this  paper  the  theory  of 
the  centri^igal  ventilator  is  discussed,  and  its  obvious  relations  to  the  theoiy  of  the 
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ceniziAig&l  pomp  pointed  out  In  Augofit  1838,  M.  Combes  took  out  a  brevet 
tPinvetUum,  entitled  *  Four  un  machine  universelle,  k  force  centrale,  propre  4  d^placer 
les  liquides  et  les  fluides  aeriformes '  (Becherchee  tMoriques  et  exphimentdee  ettr  lee 
Rcates  a  USaotion  ou  a  TuyauXy  par  M.  Ch,  Combes,  and  'Jurors'  Beport  of  Great  Exhi- 
bition/ 1851).  Many  ventilating  machinee  for  mines  are  constructed  on  this  principle. 
(See  YENTiLATiNa  Moms ;  also  Tdbbinb.)  WhirUog  machines,  which  are  used  for  drying 
cloth»  Bugar,  and  other  things,  are  entirely  dependent  on  the  action  of  centrifugal 
force.    TaesQ  machines  are  colled  hydro-extractors. 

oa&ASnr.    The  name  given  by  Dr.  John  to  thos&  gums  which  swell  but  do  not 
dissolve  in  water ;  such  as  gum  tra^icanth.    It  is  synonymous  with  Bassobinb. 
'  OMRA.TM9  from  cera,  wax.    An  unguent^,  of  rather  a  stiff  oonsistenoe,  made  of  oil, 
or  lard,  and  wax,  thickened  occasionally  with  pulverulent  matters. 

CnnUiAUnr.  {Chiakne,  Fr.)  A  nitrogenous  substance  found  by  M,  M^ 
Mouries  in  bran.    See  Bbbao. 

,  OWMMAJUim  Grasses  cultivated  for  sake  of  their  grain,  used  as  food-stufEs.  They 
cjomprise  wheat,  barley,  rye,  oats,  maize,  and  rice.  The  name  is  derived  £Dom  the 
goddess  C^res. 

OXBBBZVB.  A  by-product  obtained  in  purifying  ozokerite  for  the  manufacture 
of  paraf&n.  By  treating  the  crude  product  with  sulphuric  and  sulphurous  adds,  and 
then  wiUi  alkalis,  pure  cerasine  is  obtained  in  the  form  of  a  white  semi-transparent 
opaline  substance,  insoluble  in  water,  but  soluble  in  alcohol,  fusing  at  about  148°  F., 
and  having  a  spedfic  gravity  of  0*88.  In  Vienna,  ceresine  has  been  used  as  a  substitute 
for  bees*-wax  in  certain  pharmaceutical  preparations.  This  artide  is  sold  in  round, 
thin  plates,  a  few  inches  in  diameter.  It  is  faultlessly  white,  scentless,  harder  than 
wax,  and  translucent  at  the  edges.  The  fracture  resembles  somewhat  that  of  wax, 
but  it  cannot  be  kneaded,  dther  in  warm  water  or  between  the  fingers.  It  is  not 
attacked  by  adds,  either  hot  or  cold,  and  is  not  in  the  slightest  degree  saponified  by 
caustic  alkalis.  It  is  volatile  at  high  temperatures  and  distils  over  xmc&mged.  It 
is  closely  analogous  to  paraffin  and  stearine,  but  is  rendered  more  waxy  in  appearance 
by  being  cooled  slowly.    See  Candies— Ozoxhritb. 

OMRMXMm  A  substance  which  forms  from  70  to  80  per  cent  of  bees'-wax.  It  may 
be  obtained  by  digesting  wax  for  some  time  in  spirit  of  wine  at  a  boiling  temperature. 
The  myricine  separates,  while  the  cerine  remains  dissolved,  and  may  be  obtained  from 
the  decanted  liquor  by  evaporation.  Cerine  is  white,  analogous  to  wax,  fusible  at 
134*^  F.,  hiurdlyacted  upon  by  hot  nitric  add,  but  is  readily  carbonised  by  hot  sul- 
phuric acid.  When  treated  with  caustic-alkali  ley,  it  is  converted  into  margaric  add 
and  cercane, 

.  OJULEUM.  A  peculiar  metal  discovered  in  connection  with  lanthanum  and  didy- 
mium,  in  ceriUt  auaniie,  ortUte,  and  a  few  other  minerals  of  rare  occurrence,  found  in 
Sweden.  Cerium  has  also  been  detected  by  Prof.  Church  in  a  Cornish  mineral,  which 
he  found  to  consist  of  a  hydrous  phosphate  of  cerium ;  this  mineral  has  been  named  by 
Mr.  Greville  C.  Williams,  Churchiie, 

Cerium,  extracted  from  its  chloride  by  potassium,  appears  as  a  dark  red  or  chocolate 
powder,  which  assumes  a  metallic  lustre  by  friction.  It  does  not  conduct  electridty 
well,  like  other  metals ;  it  is  infusible ;  its  spedfic  gravity  is  unknown.  It  has 
been  applied  to  no  use  in  the  arts.    See  Watts's  '  Dictionary  of  Chemistry.' 

CMBOBXHMm    A  name  applied  to  the  wax  of  the  sugar-cane. 

OSBOTZO  AOSO.  An  add  obtained  by  the  action  of  boiling  alcohol  on  beei^- 
wax,  or  by  the  destructive  distillation  of  Chinese  wax. 

OBBIFSB.    A  name  of  white  lead.    See  Whitb  Lbas. 

OSXVBZTB  or  CB&n88ZTB«    Native  carbonate  of  lead.    See  Lbad. 

OVfXOW  OATBCBV.    A  variety  of  the  Bombay  Catechu. 

OVSXOW  M088*    (Plocaria  Candida,)    See  ALOiB. 

CBABASZra.  A  hydrated  silicate  of  alumina  and  lime.  This  zeolite  is  found 
in  the  fissures  of  some  trap  rocks. 

OBAZWroXX  is  a  peculiar  style  of  textile  fabric,  to  which  hosiery  and  tambour- 
ing belong.    See  Hosibbt. 

CgWJiyTABfti    A  coarse  sugar  obtained  from  the  cocoa-nut  and  other  plants. 

Clf  H  TiO  h  HI  THl'ra.  A  name  occasionally  applied  to  the  native  sulphate  of  copper. 

Olf  A'LO A  HTHUM.    The  andent  name  of  the  native  sulphate  of  iron. 

CXA&caBOVT.  A  hard  mineral  of  the  quartz  family,  often  cut  into  seals. 
TTuder  it  may  be  grouped  common  chalcedony,  heUotrope,  chxysoprase,  plasma,  agate, 
onyx,  cat's-eye,  s^onyx,  camelian,  and  sard. 

OBA&OBBOWTJB.  The  name  of  those  agates  in  which  opaque  white  chalcedony 
altematea  with  the  translucent  grey  variety. 

OW  a  TiCII  I B  UlTJU*  A  green  stone  prized  by  the  andent  Meadcans  for  orna- 
mental porpoaes.    It  has  been  variously  referred  to  jade,  tozqiioisey  emerald,  doo. 
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A  name  applied  to  eo^ptr-uramiU  or  torberUe,  a  hydiated 
phosphate  of  uranium  and  copper. 

CBA&COPBTXiXiITB.  A  hydrated  arsenate  of  copper,  knotm  also  as  tamarite 
and  copper-mica,  the  crystals  being  easily  separated  into  laminae,  like  mica. 

CBAXK^^OVnZTB.    A  mineralogical  name  for  copper-pyrites.    See  Cofpbb. 

CBA&008ZVB.    A  synonym  of  copper-glance.    See  Coffer. 

CBAXK:;08TZ8ZTB.  a  sulphide  of  antimony  and  copper,  from  Wolfsbeig  in 
•the  Hartz. 

OHAIiOOTKIOSITB.  A  name  applied  to  the  hair-like  forms  of  red  ozido  of 
copper,  known  commonly  as  plush  copper-ore. 

OBAZdC.  (Orate,  Fr. ;  Kreidct  Qer.)  An  earthy  carbonate  of  lime,  irhite, 
opaque,  soft^  dull,  or  without  any  appearance  of  polish  in  its  fincture.  Its  spedflo 
gravity  varies  from  2*4  to  2*6. 

The  following  analysis,  by  Mr.  W,  J.  Ward,  shows  the  composition  of  a  sample  of 
chalk  £rom  near  Gravesend  (after  having  been  dried  at  212°  F.):  carbonate  of  lime^ 
98*52 ;  carbonate  of  magnesia,  0*29 ;  sulphate  of  lime,  0*14 ;  peroidde  of  manganese, 
0*04 ;  phosphoric  acid  and  organic  matter,  traces ;  ignited  insoluble  residue,  chiefly 
silica,  0*65. 

When  purified,  chalk  is  called  wkUing  and  Spanish  white,  in  England ;  BcUemm- 
Jsreide,  in  Germany ;  Uano  de  Droyes,  and  Uane  de  Meudon,  in  France.  Pure  chalk 
^ould  dissolve  readily  in  dilute  muriatic  add,  and  the  solution  should  afford  no 
predpitate  with  water  of  ammonia.  Chalk  is  burnt  into  lime  in  great  quantities,  in 
which  state  it  is  used  as  a  manure,  and  for  making  mortar  and  whitewash.  Some  of  the 
lower  beds,  which  are  argillaceous,  aSbrd  a  g(^  hydraulic  cement,  equal  in  every 
respect  to  Boman  cement 

Of  late  years,  it  has  become  the  custom  to  manure  land  with  unbumt  chalk  spread 
on  the  surface  in  the  proportion  of  about  40  loads  (tons)  to  an  acre.  The  effect  pro- 
duced by  chalk  applied  in  its  crude  state  is  similar  to  that  resulting  £nmi  the  appUca- 
tion  of  quiddime,  but  more  lasting,  on  some  lands  not  requiring  to  be  renewed  for 
several  years :  it  also  has  the  advantage  of  rendering  the  soil  meckamoaUy  lighter, 
from  the  larger  quantity  in  which  it  is  used. 

In  certain  districts,  dialk  is  sometimes  used  as  a  building  materiaL 

CWATiW,  BXiAOX.  An  indurated  clay,  opntaining  much  carbon.  The  finer 
kinds  are  used  for  drawing  on  paper. 

CWAXiW,  VSBVCB.    Steatite,  or  soap  stone :  a  soft  magnesian  mineral. 

OHATiW,  VMD*  A  day  coloured  with  the  peroxide  of  iron,  of  which  it  contains 
about  17  per  cent.    Also  a  ferruginous  carbonate  of  lime. 

CBA&XiIS.  About  the  year  1882  this  artide  was  introduced,  and  was  certainly  an 
elegant  silk  and  worsted  &brio.  It  was  made  on  a  similar  prindple  to  the  Norwidi 
crape,  only  thinner  and  softer,  composed  of  much  finer  materials ;  and  instead  of  a 
glossy  surface,  as  in  Norwich  crapes,  the  olrject  was  to  produce  it  without  gloas,  and 
very  pliable  and  dothy.  The  beiftt  quality  of  challis,  wnen  finished  with  designs  and 
figures  (either  produced  in  the  loom  or  |>rinted),  commanded  the  attention  of  the 
h^her  drdes,  and  became  a  &vourite  artide  of  apparel  at  their  ^Mhionable  resorts 
and  parties  for  several  years.  The  worsted  yam  for  the  weft  of  this  artide  was  spun 
at  Bradford,  firom  numbers  52's  to  64*8.  The  making  of  the  challis  &brio  soon  after- 
wards commenced  in  the  North,  but  it  has  given  way  to  the  ever-varying  caprices  of 
fashion. 

CBA&TBBATB  is  a  name  given  in  medidne  to  preparations  of  iron. 

OBAZiTBZTB.  A  synonym  of  carbonate  of  iron,  or  spathose  iron-ore.  See 
Iron.  

OBAMUbBOWy  ill  f» All.  As  this  compound — so  long  known  in  chemistiy 
as  a  mere  curiosity,  on  account  of  the  surprising  changes  of  colour  which  it  spon- 
taneously assumed — ^has  of  late  been  largely  employed  for  whitening  tallow,  palm-oil, 
and  decolouring  other  organic  matters,  it  merits  descriotion  in  this  Dictionary.  It 
exists  in  two  states :  one  of  which  is  called  by  chemists  tne  manganate  of  potash,  and 
the  other  the  permanganate ;  denoting  that  the  first  is  a  compound  of  manganic  add 
with  potash,  and  that  the  second  is  a  compound  of  permanganic  add  with  the  same 
base.  They  are  both  prepared  in  nearly  the  same  way :  the  former  by  calcining 
together,  at  a  red-heat  in  a  covered  crudble,  a  mixture  of  one  part  of  the  blade  per- 
oxide of  manganese  with  three  parts  of  the  hydrate  of  potash  (the  fused  potash  of  the 
apothecary).  The  mass  is  of  a  green  colour  when  colcL  It  is  to  be  dissolved  in  cold 
water,  ana  the  solution  allowed  to  settle,  and  become  clear,  but  by  no  means  filtered, 
for  fSoar  of  the  decomposition  to  which  it  is  very  prone.  When  tlie  decanted  liquid  is 
evaporated  under  the  exhausted  receiver  of  an  air-pump,  over  a  surfiaoe  of  salphurie 
ado^  it  afibrds  crystols  of  a  beautifhl  green  colour,  whidi  should  be  laid  on  a  dean 
porous  brick  to  drain  and  dry.    They  may  be  preserved  in  dry  air,  Bvt  abonld  bt 
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kept  in  a  well-coined  bottle.  They  are  deeom^oaed  by  water,  but  dlBBolye  in  weak 
water  of  potash.  On  diluting  this,  decomposition  of  the  salt  ensnes,  with  all  the 
chameleon  changes  of  tint ;  red,  bine,  and  yiolet  Sometimes  a  green  solntion  of  this 
salt  becomes  red  on  being  heated,  and  preserves  this  colour  eren  when  cold,  but 
resumes  its  green  hue  the  moment  it  is  shdLen :  it  might,  therefore,  famish  the  yotarios 
of  St.  Januarius  with  an  admirable  means  of  mystifying  the  worshippers  at  his  shrine. 
The  original  calcined  mass,  in  being  dissolved,  always  deposits  a  considerable  quantity 
of  a  brown  powder,  which  is  a  compound  of  the  add  and  peroxide  of  manganese 
combined  with  water.  Much  of  the  potash  remains  unchanged,  which  may  be  re- 
covered. 

The  permanganate  of  potash  is  made  by  Audng  with  a  strong  heat  a  mixture  of 
equal  parts  of  peroxide  of  manganese  and  hydrate  of  potash,  or  one  part  of  peroxide 
and  two  parts  of  nitre.  The  mass  is  to  be  dissolved  in  water,  and  if  the  solution  be 
green,  it  should  be  reddened  by  the  cautious  addition  of  a  few  drops  of  nitric  acid. 
The  clarified  liquor  is  to  be  evaporated  to  the  point  of  ciystallisation.  Even  the 
smallest  crystals  of  this  salt  have  such  an  intense  red  colour,  that  they  appear  black 
with  a  green  metallic  reflection.  In  the  air  they  gradually  assume  a  steel-grey  hue 
without  undergoing  any  essential  change  of  nature.  A  very  little  of  the  salt  reddens  a 
large  body  of  water.  The  least  portion  of  any  organic  matter  added  to  the  solution  of 
this  salt  reduces  the  permanganic  add  to  the  state  of  peroxide,  which  predpitates  com- 
bined with  water;  the  liquor  becoming  green  or  colourless,  according  to  circumstances. 
A  more  permanent  permanganic  salt  may  be  made  as  follows : — Melt  chlorate  of 
potash  over  a  spirit  lamp,  and  throw  into  it  a  few  pieces  of  hydrate  of  potash,  which 
immediately  dissolve  and  form  a  limpid  liquid.  When  peroxide  of  manganese  in 
fine  powder  is  graduallv  introduced  into  that  melted  mixture,  it  immediately  dissolves, 
with  the  production  of  a  rich  green  colour.  After  adding  the  manganese  in  excess, 
the  whole  is  to  be  exposed  to  a  gentle  red  heat,  in  order  to  decompose  the  residuary 
chlorate  of  potash.  It  is  now  a  mixture  of  manganate  of  potash,  chloride  of  potassium, 
and  peroxioe  of  manganese.  It  forms  with  water  a  deep  green  coloured  solution,  iriiuch, 
when  boiledi  assumes  a  fine  red  colour,  in  consequence  of  its  becoming  a  permanga- 
nate, and  it  ought  to  be  decanted  off  the  sediment  while  hot.  By  cooling,  the  per- 
manganate of  potash  separates  in  crystals  possessed  of  great  lustre ;  but  towards  the 
end  colourless  crystals  of  chloride  of  potassium  are  deposited.    See  Manqanatbs. 

CnL&MOISITB.  A  hydrated  silicate  of  alumina  and  protoxide  of  iron,  occurring 
as  a  compact  or  oolitic  iron-ore,  at  Chamoison,  near  Saint  Maurice,  in  the  Yalais. 

CnL&MOmXJI  VZiO'WVBS.  The  Anthemis  nobUia  of  liniueus.  The  chamomile 
grows  very  abundantly  in  Cornwall,  and  some  other  parts  of  England.  It  is  culti- 
vated at  Mitcham  and  in  Derbvshire,  for  the  London  market  The  chamomile  is  used 
medidnally,  and  is  employed  b^  some  brewers  to  substitute  hops  in  bitter  beer.  It 
would  be  well  if  no  more  objectionable  bitter  was  employed. 

The  essential  (h1  of  chamomile  is  remarkable  for  its  olue  colour.    In  a  paper  read 
before  the  Ohemical  Sodety  by  Br.  Pieese,  *  On  the  colouring  matter  of  volatile 
oils,'  this  blue  body  was  shown  ip  an  isolated  state,  and  was  named  by  the  author 
a^ulene. 
OSAIll9ACHn.    See  WiNBS. 

CfBAVABOnuura.  An  arsenio-antimomalBilYeg«ore^  oocorring  at  OhafJaTdllo, 
in  Chile. 

0BA9A90T&    A  local  name  for  Mexican  asphalt. 

CBASBOV  smnntX^mB.  This  name  is  applied  to  the  product  obtained  by 
treating  pulverised  madder,  either  at  ordinary  or  at  nigher  temperatures,  with  a  con- 
siderable quantify  of  rather  strong  sulphuric  add.  MM.  Persoz  and  Gauthier  de 
Claubi^  had  shown  that  the  true  colouring  prindples  of  madder  are  soluble  without 
alteration  in  strong  sulphuric  add,  and  it  was  on  tnis  observation,  turned  to  practical 
account  by  M.  Bobriquet,  that  the  preparation  of  his  charbon  suffurique  was  based. 
After  the  action  of  the  add  has  been  continued  for  several  hours,  the  mass  is  diluted 
with  water,  the  liquid  filtered,  and  the  reddae  well  washed  and  dried.  Charbon  nU'  ' 
furique  dyes  very  strongly,  and  produces  fine  colours. 

CKA&OOAXi.  The  fixed  redduum  of  organic  substances  when  they  are  exposed 
to  ignition  out  of  contact  with  air. 

Wood  Charcoai.. — ^As  wood  charcoal  may  be  regarded  as,  especially,  the  repre- 
sentative of  the  practically  useful  charred  substances,  a  description  of  it  naturally 
precedes  that  of  the  other  varieties.  The  earliest  plan  of  waling  woodf  as  tlie 
manufacture  of  charcoal  was  termed,  and  is  still  called,  is  carried  on  as  follows : — 
A  piece  of  ground  is  levelled  at  some  convenient  spot  in  Uie  forest,  which  is 
termed  the  '  hearth '  or  '  earth. '  In  the  centre  of  this  a  thick  pole  or  bundle  of 
brushwood  is  placed,  around  which  the  wood  is  arranged,  some  of  the  pieces  bein 
laid  horizontally  and  others  set  up  at  an  inclination;  or  the  wood  may  be  pli 
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altogether  at  any  steep  angle,  sloping  oatwaids  from  the  centre  to  form  a  flattened 
cone,  i^hich  when  complete  is  usually  called  a  heap ;  the  object,  whichever  way  the 
wood  is  placed,  is  to  obtain  a  free  circulation  of  air  under  the  heap,  to  communicate 
with  the  chimney  in  the  centre,  which  is  formed  by  then  withdrawing  the  central 
pole  or  bundle  of  brushwood.  The  large  wood  should  if  conyenient  be  at  the  bottom 
of  the  heap,  and  the  outside  packed  as  dose  as  possible ;  the  heap  is  then  covered 
with  small  brushwood,  and  afterwards  with  turf,  or  the  material  most  impervious  to 
air  which  can  be  conveniently  obtained.  A  fire  is  lighted  in  the  centre  chimney,  and 
by  leaving  openings  in  the  outside-oovering  at  the  bottom  of  the  heap,  the  fire 
soon  extends,  and  can  be  guided  to  any  part  by  making  temporary  openings  to 
admit  the  air.  When  the  heap  is  sufficiently  fired  all  th&  openings  are  closed,  and 
lastly  the  chimney  itself.  The  fire  will  always  extend  most  rapidly-on  the  side  facing 
or  towards  the  wind;  and  great  care  must  be  taken  to  watch  and  check  this,  by 
keeping  the  covering  on  that  side  in  good  order.  The  charcoal  burner  must  alwa^ 
be  careful  to  Sjpread  the  fire  as  evenly  as  possible  through  the  heap,  and  after  it  is 
coaled  to  stop  it  down  carefully ;  he  can  always  accelerate  the  process  in  any  part 
of  the  heap  if  well  built^  by  opening  the  outside  to  admit  air  fireely :  but  if  he  €nda 
this  does  not  act,  from  any  fault  in  setting  the  wood,  he  had  better  open  a  hole  with 
a  bar  at  the  place  required,  and  light  a  fire  in  the  hole ;  this  will  soon  communicate 
with  the  main  fire  in  the  heap.  As  soon  as  the  smoke  and  white  flame  cease  to 
escape  at  the  vents,  the  whole  heap  must  be  closed  from  the  air  as  carefully  as 
possible,  until  the  charcoal  is  quite  cooled  and  is  ready  to  draw.  The  flre  must 
never  bum  too  fast ;  the  slower  the  process,  if  the  fire  is  steady  and  regular,  the 
better  the  yield  of  charcoal.  Hard  close-grained  woods  take  a  longer  time  to  coal 
than  soft  open-grained  woods,  and  should  be  placed  in  the  heap  accordingly.  These 
technical  instructions,  handed  down  in  the  forests  for  ages  as  secrets  from  father  to 
son  amongst  the  *  ooalliers '  in  eveiy  country  in  Europe,  are  the  results  of  long 
practical  experience,  and  strictly  accord  with  the  true  principles  on  which  the 
process  is  based. 

To  carbonise  wood  under  a  moveable  covering,  the  plan  of  Metier,  or  heaps,  is  em- 
ployed veiy  much  in  Germany.  The  wood  is  arranged  either  in  horizontal  layers, 
or  in  nearly  vertical  ones,  with  a  slight  slope,  so  as  to  form  conical  rounded  heaps  of 
different  sizes.  The  former  are  c^ed  '  lying  Metier,*  Jiff.  442 ;  the  latter  *  standing 
Metier,*  fige.  443  and  444.    Both  are  distributed  in  mn^  the  same  way. 

442  443  444 


'  In  districts  where  the  wood  can  be  transported  into  one  place  by  means  of  rivers, 
or  mountain  slides,  a  dry  fiat  space  must  be  pitched  upon,  screened  from  storms  and 
^oods,  which  may  be  walled  round,  having  a  slight  declivity  made  in  the  ground, 
towa^  the  centre.    (See  fig,  446.)    Into  tMs  space  the  tarry  acid  will  partially  fiUl, 

and  may  be  oonducted  outwards, 
^^  through  a  covered  gutter  beneath, 

into  a  covered  tank.  The  mouth 
of  the  tank  must  be  shut,  during 
the  coking,  with  an  iron  or  stone 
slab,  luted  with  day.  A  square 
iron  plate  is  placed  over  the  inner 
orifice  or  the  gutter  to  prevent  it 
being  choked  with  coal  ashes.  Fig.  445  represents  a  walled  Metier  station :  a,  the 
station ;  6,  the  gutter ;  c,  the  tank,  which  is  covered  with  the  slab  d;  e,^  slab  which 
serves  to  keep  the  gutter  dear  of  coals.  The  cover  of  the  heaps  is  farmed  of  earth, 
sand,  ashes,  or  such  other  matter  as  may  be  most  readily  found  in  the  woods.  They 
should  be  kindled  in  the  centre.  From  6  days  to  4  weeks  may  be  required  foe 
charring  a  heap,  according  to  its  size,  hard  wood  requiring  most  time ;  and  die  slowd 
the  process,  the  better  and  greater  is  the  product,  generally  speaking. 

Charring  of  wood  in  momids  {Hcnfe  or  liegende  Werke),  fge,  446  and  447,  difbift 
from  that  in  the  Me^^  because  the  wood  in  the  EoMf^  is  suooeenyely  diazred,  and  the 


Digitized  by  VjOOQIC 


CHAECOAL  761 

eliarcoal  is  raked  out  by  little  and  little.    The  product  is  said  to  be  greater  in  this 
vmj,  and  also  better.    Uncleft  billets,  6  or  8  feet  long,  being  laid  over  each  other, 
are  covered  with  ashes,  and  then 
carbonised.    The  station  is  some- 
times horissontal,  and  sometimes 
made  to  slope.    The  length  may 
be  24  feet,  the  breadth  8  feet;  and 
the  wood  is  laid  crosswise.    Files 
are  set  perpendicularly  to  support 
a  roof  made  of  boughs  and  leaves       • 
covered  with   ashes.     Pipes  are 
occasionally  laid  within  the  upper 
part  of  the  mounds,  which  serve  to  . 
catch  and  carry  off  some  of  the 
liquid. 

Fig.  448  is  a  vertical  section, 
and^.  449  a  half  bird's-eye  view, 
and  half  cross-section  at  the  height 
of  the  pit  bottom,  of  Chabeaus- 

si^re's  kiln  for  making  wood  charcoal,  a  is  the  oven ;  ^,  vertical  air-pipes ;  c  c^ 
horizontal  flues  for  admitting  air  to  the  kiln ;  d  (f ,  small  pits  which  communicate  by 
short  horizontal  pipes  e  e,  with 

the  vertical  ones ;  /,  the  sole  of  **° 

the  kiln,  a  circle  of  brickwork, 
upon  which  the  cover  or  hood,  h, 
reposes ;  t,  a  pipe  which  leads  to 
the  cistern  k ;  /,  the  pipe  destined 
&r  carrying  off  the  gaseous  mat- 
ter;  m  m,  holes  in  the  iron  cover 
or  lid. 

The  distribution  of  the  wood  is 
like  that  in  the  horizontal  Meder^   | 
or  heaps ;    it  is  kindled  in  the    ' 
central  vertical  canal  with  burn- 
ing fuel,  and  the  lid  is  covered 
with  a  few  inches  of  earth.    At 
the  beginning  of  the  operation  all 
the  draught  flues  are  left  open,  i 
but  they  are  prc^ireesively  dosed, 

as  occasion  requires.  In  eight  kilns  of  this  kind,  600  decasiers  of  oak  wood  are 
carbonised,  from  which  15,000  hectolitres  of  charcoal  are  obtained,  equal  to  64,000 
pounds  French,  being  about  25  per  cent.,  besides  tar,  and  8,000  velts  of  wood  vinegar^ 
of  £rom  2^  to  3°  Baum& 

449  450 


At  Grouy-upon-the-Ouroq,  near  Meauz,  there  is  a  weU-constructed  kiln  for  making 
Iturf-chaxcoal.    It  resembles  most  nearly  a  tar-kiln.    In  fiff,  450,  a  is  the  cylindricu 
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coking  place,  'whose  Btmoimdiiig  walls  are  heated  by  the  flame  which  pastes  throng^ 
the  intermediate  space  b.  The  place  itself  is  divided  by  partitions  ox  fire  tiles  into 
three  stages,  through  the  apertures  in  which  the  flames  of  the  flre  e  c,  rise,  and  heat 
the  exterior  of  the  coking  apartment.  In  order  to  confine  the  heat,  there  is  in  the 
enclosing  walls  of  the  outer  kiln,  a  cylindrical  hollow  space  (2,  where  the  air  is  kept 
stagnant.  Through  the  apertures  lefb  in  the  upper  end  at  e,  the  turf  is  introduced  ; 
they  are  then  shut  with  an  iron  plate/,  which  is  covered  with  ashes  or  sand.  The 
fire-place  opens  above  this  aperture,  and  its  outlet  is  provided  with  a  moveable  iron 
cover  g,  in  which  there  is  a  small  hole  for  the  issue  of  the  gases.  The  sole  of  the  kiln 
consists  of  a  cast-iron  slab  A,  which  may  be  raised  by  means  of  a  hook,  t,  upon  it  This 
is  drawn  back  after  the  carbonisation  is  completed,  whereby  the  charcoal  finlls  from 
the  coking  space  into  a  subjacent  vault.  The  volatile  products  are  carried  off  by  the 
pipe  kt  and  fed  into  the  condensing  dstem ;  the  gases  escapng  to  the  fire-place,  where 
they  are  burned.  The  iron  slab  is  protected  firom  the  corrosion  of  the  add  vapours  by 
a  la|ver  of  coal  ashes. 

Charcoal  obtained  by  the  action  of  a  rapid  fire  in  dose  vessels  is  not  so  solid  and  so 
good  a  fuel  as  that  which  is  made  in  the  andent  way  by  the  slow  caldnataon  of  pyra- 
midal piles  covered  with  earth.  One  of  the  most  economical  ovens  for  making  wood 
charcoal  is  that  invented  hj  M.  Foucauld,  which  he  calls  a  skroudt  or  abri.  To  con- 
struct one  of  these,  80  feet  in  diameter  at  the  base,  10  feet  at  its  summit,  and  from  8 
to  9  feet  high,  he  forms,  with  wood  2  inches  square,  a  finune  12  feet  long,  8  fact  broad 
at  one  end,  and  1  foot  at  the  other.    Tlie  figures  461, 452  will  explain  the  oonstroction. 


451 
C  B 


452 


oG 


ere 


454 


The  uprights,  a  b  and  c  d,  of  this  frame  are  famished  with  three  ^aim  of  wooden 
handles  a  a  a,  bv  means  of  which  they  can  be  joined  together,  by  passing  through  two 
contiguous  handles  a  wooden  fork,  the  frame  being  previously  provided  with  props,  as 
shown  in^.  452,  and  covered  with  loam  mixed  with  grass.  A  fiat  cover  of  10  feet 
diameter,  made  of  planks  well  joined,  and  secured  by  4  cross  bars,  is  mounted  with  2 
trap  doors,  x  v.fig,  454,  for  giving  egress  to  the  smoke  at  the  commencement  of  the 
operation ;  a  triangular  hole  p,  cut  out  in  the  cover,  receives  the  end  of  the  conduit  q 
B  s,  (figs,  458  and  454^  of  wood  formed  of  three  deals  destined  to  convey  the  gases 
and  condensed  liquids  into  the  casks  f  o  h.  Lastly,  a  door  t,  which  may  be  op^ied  and 
shut  at  pleasure,  permits  the  operator  to  inspect  the  state  of  the  fire.  The  ^j*#TWfti 
caldned  by  this  <Ar%  has  bera  found  of  supenor  ouality. 

When  it  is  wished  to  change  the  place  where  the  ahri  is  erected,  and  to  transport  it 
to  a  store  of  new-feUed  timber,  the  frame  is  taken  down,  after  beating  off  the  day  whidi 
covers  it ;  the  joints  are  then  cut  by  a  saw,  as  well  as  the  ends  of  we  fork  which  fixed 
the  frames  to  one  another.  This  process  is  economical  in  use,  and  simple  and  dieap  in 
construction ;  since  all  the  pieces  of  the  apparatus  are  easily  moved  about,  and  may  be 
readily  mounted  in  the  forests.  For  obtaining  a  compact  charcoal,  for  the  use  of 
artisans,  this  mixed  process  of  Foucauld  is  said  to  be  preferable  to  either  the  dose  iroo 
cylinder  or  the  pile. 

For  making  gunpowder-charcoal  the  lighter  woods,  such  as  the  willow,  doffwood, 
ind  alder  answer  best ;  and  in  thdr  carbonisation  care  should  be  taken  to  let  the 
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▼apoQM  freely  dseape,  especially  towaida  the  end  of  the  operatibn,  for  -irhen  they  are 
re-abBorbed,  they  greatly  impair  the  combnstibility  of  the  charcoal. 

By  the  common  process  of  the  forests,  about  18  per  cent,  of  the  weight  of  the  wood 
is  obtained ;  by  the  process  of  Foucaold  abont  24  per  cent,  is  obtained,  with  20  of  crude 
jmoligneous  add  of  10^  Baum6.  By  the  process  described  under  Acbtio  Acid,  27  of 
charcoal,  18  of  add  at  6°,  are  procured  from  1 00  parts  of  wood,  besides  the  tar.  These 
quantities  were  the  rraults  oi  careful  experimenting,  and  are  greater  than  can  be 
reckoned  upon  in  ordinary  hands. 

Charcoal  for  chemical  purposes  may  be  extemporaneously  prepared  by  caldning 
pieces  of  wood  covered  with  sand  in  a  crudble,  till  no  more  Tolatile  matter  exhales. 

The  charcoal  of  some  woods  contains  silica,  and  is  therefore  used  for  polishing 
metals.  Being  a  bad  conductor  of  heat,  charcoal  is  employed  sometimes  in  powder  to 
encase  small  furnaces  and  steam-pipes.  It  is  not  afi&cted  by  water ;  and  hence,  the 
extremities  of  stakes  driyen  into  moist  ground  are  not  liable  to  decomposition.  In 
like  manner  casks  when  charred  inside  preserve  water  much  better  than  common  casks, 
because  they  famish  no  soluble  matter  for  fermentation  or  for  food  to  animalcules. 

Lowits  discovered  that  wood  charcoal  removes  ofiensive  smells  from  animal  and 
vegetable  substances,  and  counteracts  their  putrefaction.  He  found  the  odour  of  sue- 
dnic  and  benzdo  adds,  of  bugs,  of  empyreumatic  oils,  of  infusions  of  valerian,  essence 
of  wormwood,  spirits  distiUed  from  baa  grain,  and  sulphureous  substances  were  ^ 
absorbable  by  freshly-caldned  charcoal  properly  applied.  A  very  ingenious  filter  has 
been  constructed  for  punning  water,  by  passing  it  through  strata  of  charcoal  of 
different  degrees  of  fineness. 

When  charcoal  is  burned,  one-third  of  the  heat  is  discharged  by  radiation,  and  two« 
thirds  by  conduction. 

The  following  Table  of  the  quantity  of  charcoal  yielded  bv  different  woods  was  pub- 
lished by  Mr.  Mushet^  as  the  result  of  experiments  carefully  made  upon  the  smtJl 
scale,  be  says,  the  woods  before  being  charred  were  thoroughly  driea^  and  pieces  of 
each  kind  were  selected  as  nearly  alike  in  everv  respect  as  possible.  One  hundred 
parts  of  each  sort  were  taken,  and  they  produced  as  under : — 

Ingnum  'Vit»afR)rded  26-0  of  diarcoal  of  a  greyish  colour,  resembling  coke. 

Mahogany  .  .  25*4  tinged  with  brown,  spongy  and  porous. 

Laburnum  •  .  24*5  velvet  black,  compact,  very  hard. 

Chestnut  .  23*2  glossy  black,  compact,  firm. 

Oak         .  .  22-6  black,  close,  very  firm. 

Walnut   .  .  20*6  dull  black,  dose,  firm. 

Holly      .  .  .  19*9  dull  black,  loose  and  bulky. 

Beedi      .  .  .  19*9  dull  black,  spongy,  finn. 

Sycamore  .  .  19*7  fine  black,  bulky,  moderately  firm« 

Mm         .  .  .  19*5  fine  black,  moderately  firm. 

Norway  Pine  .  .  19-2  shining  black,  bulky,  very  soft 

Sallow     •  .  18*4  velvet  black,  bulky,  loose  and  aoSt, 

Ash         .  .  .  17*9  shining  black,  spongy,  firm. 

Birch       .  .  17*4  velvet  black,  bulky,  firm. 

Scotch  Pine  .  .  16*4  tinged  with  brown,  moderately  firm. 

Messrs.  Allen  and  Pepys,  ficom  100  parts  of  the  following  woods,  obtained  the  quan- 
tities of  charcoal  as  under:*- 


Beech  .  .  .  1500 
Mahogany.  .  .  15*75 
Lignum  TitfiB     .        .  17*25 


Oak  .  .        .  17*40 

Kr    .        .        .        .  18*17 
Box  ...        .  20-25 


.  It  is  observable  that  the  qnantitiee  obcained  by  Messrs.  Allen  and  Pepys  are  in 
general  less  than  those  given  by  Mr.  Mushet,  which  may.  be  owing  to  Mr.  Mushet  not 
having  applied  sufficient  heat,  or  opeiated  long  enoo^,  to  dissipate  all  the  aqueous 
matter  of  the  gaseous  products. 

To  those  persons  who  buy  charcoal  by  weight,  it  is  important  to  purdiase  it  as  soon 
after  it  is  made  as  jpossible,  as  it  quickly  absorbs  a  considerable  portion  of  water  from 
the  atmosphere.  Different  woods,  however,  differ  in  this  respect.  Messrs.  Allen  and 
Pepys  found  that  by  a  week's  exposure  to  the  air,  the  charcoal  of 

Lignum  Vitsd  gained 9*6  per  cent. 

Pir 18-0 

Box 140 

Beech 16*8 

Oak 16-5 

Mahogany. •  18*0       „ 
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90 

Bicarbitretted  hydrogen 

35*00 

85 

Carbonic  oxide 

9-42 

65 

Oxygen  gas  . 

9-25 

65 

^trogen 

7-50 

40 

Oarbnretted  hydrogen    . 

500 

85 

Hydrogen  gas 

1-75 

The  foUoTTing  is  a  tabular  view  of  the  Tolnmes  of  the  different  gases  irMch  "were 
absorbed  in  the  course  of  24  hours,  by  one  volnme  of  charcoal,  in  the  experiments  of 
M.  Th^ore  de  Saussure,  which  were  conducted  in  a  way  likely  to  produce  correct 
results.  Each  portion  of  charcoal  was  heated  afresh  to  a  red  heat,  and  allowed  to 
cool  under  mercury.  When  taken  from  the  mercury,  it  was  instantly  plunged  into  the 
vessel  of  gas : — 

Ammoniacal  gas 

Muriatic  acid  gas 

Sulphurous  add 

Sulphuretted  hydrogen 

Kitrous  oxide     . 

Carbonic  acid  gas 

Neumann,  who  made  many  experiments  on  charcoal,  informs  us  that  for  the  reduc- 
tion of  the  metallic  oxides,  the  cnarcoal  of  the  heayier  woods,  as  that  of  the  oak  and 
the  beech,  is  preferable,  and  that,  for  common  fuel,  such  charcoal  giyes  the  greatest 
heat,  and  requires  the  most  plentiful  supply  of  air  to  keep  it  burning ;  while  those  of 
the  lighter  woods  preserve  a  glowing  heat  with  a  much  less  draught  of  air ;  and  that 
for  purposes  where  it  is  desirable  to  have  a  steady  and  a  still  fire,  charcoal  should  be 
employed  which  has  been  made  firam  wood  previously  divested  of  its  bark,  since  it  is 
the  cortical  part  which  crackles  and  flies  off  in  sparks  during  combustion,  which  the 
coal  or  the  wood  itself  seldom  does. 

For  making  crayons  of  charcoal,  the  willow  is  the  best  wood  that  can  be  employed, 
as  the  softness  is  uniform  in  all  its  parts.  The  durability  of  charcoal  may  be  seen  in 
several  of  our  old  churchyards,  where  the  letters  made  with  lampblack  are  still  per- 
fect, though  the  white  lead  with  which  the  body  of  the  stones  was  painted  is  entirely 
destroyed. 

This  property  of  carbon  is  shown,  however,  in  a  more  striking  manner  by  the 
writings  that  were  found  in  the  ruins  of  Herculaneom,  which  have  retained  their 
original  blackness  for  two  thousand  years.  The  andents  wrote  wiUi  ink  made  from 
ground  charcoaL 

If  it  b^  required  to  purifjr  any  carbonaceous  matter,  to  render  it  fitter  for  delicate 
pigments,  this  may  be  done  bv  first  calcining  it  in  a  dose  vessel,  and  then  lixiviating 
it  in  water  slightly  addulated  by  nitric  add. 

The  incorruptibility  of  charcoal  was  well  known  to  the  andents,  and  they  availed 
themselves  of  this  property  upon  all  important  occasions. 

About  sixty  years  ago  a  (quantity  of  oak  stakes  were  found  in  the  bed  of  the  Thames, 
in  the  very  spot  where  Tacitus  savs  that  the  Britons  fixed  a  vast  number  of  sudi 
stakes,  to  prevent  the  passage  of  Julius  CsBsar  and  his  army.  These  stakes  were 
charred  to  a  considerable  depth,  had  retained  their  form  completely,  and  were  firm 
at  the  heart. 

Most  of  the  houses  in  Venice  stand  upon  piles  of  wood,  which  have  all  been  pre- 
viously charred  for  their  preservation.  In  Uiis  country,  estates  were  formerly  ma»ed 
out  by  charred  stakes  driven  to  a  considerable  depth  into  the  ground.  These  are 
occasionally  found,  and  usually  the  charred  portions  are  quite  perfect,  alUiough  every 
other  part  has  decayed. 

AjfDCAL  Chabcoal. — Animal  diaicoal  especially,  and  other  diarooal  occadonallv, 
has  been  much  employed  in  the  construction  of  filters  for  domestic  use.  Hie  ad- 
vantage of  charcoal  as  a  puri^dng  agentr— through  which  to  pass  water— has  been 
long  established.  But  it  cannot  be  too  generally  known  that  the  charcoal,  in  a  few 
weeks  loses  the  property  upon  which  its  value  depends.  When  first  used,  it  separates 
not  only  the  matters  mechanically  suspended  m  water,  but  much  of  the  organic 
matter  and  salts  held  in  solution.  The  property  appears  to  be  entirely  lost  in  about 
two  months,  a^^er  which  time  it  is  necessary  dther  to  renew  or  to  restore  the  chaicoi^ 
See  Filter  and  Bonb  Black. 

liioMiTB  CHABG0AL.~Much  of  the  lignite  or  brown  coal  of  the  Continent  has  been 
converted  into  charcoal,  with  a  view  to  its  use  in  metallurgical  works.  Mayer 
says  that  very  firm  charcoal  is  obtained  by  charring  freshly-dug  lignite  with- 
out previously  exposing  it  to  the  air.  The  complaint,  however,  amongst  metallur- 
gists is,  that  it  is  not  generally  sufKdently  coherent  for  the  furnace.  &e  following 
are  a  fow  of  the  results  of  praddcal  experiments : — 

lignite  from  Cologne,,  produced  per  cent^  of  ohaiooal       .       .    36*1 
Iceland  „  ,t  .        .    57*5 

Friesdorf 


Stosschen 

Paredel 

Oberpfals 


48*2 
40*6 
42<0 
46*0 
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Pair  Chabooal. — ^NnmeronB  attempts  hare  been  made  ficom  time  to  time  to 
utilise  the  peat  of  our  bogs,  and  espedallj  to  bring  peat  charcoal  into  use  for 
smelting  iron,  and  other  metallnigical  processes.  As  fur  back  as  1712,  we  are  told 
by  Carlowitz,  that  peat  was  charred  in  piles  or  stacks  as  wood  is.  Vogel  informs  ns 
that  in  1735,  peat  charcoal  was  made  in  the  Hartz.  Numerous  experiments  have 
been  made  on  the  Continent  to  produce  a  charcoal  from  peat,  which  should  answer 
the  requirements  of  metallurgy.  None  of  these  appear  to  nave  been  entirely  success- 
fal.  Within  the  last  few  years,  experiments  hare  been  made  in  Ireland  to  smelt  the 
haematite  iron  ore  of  Chunberlana  with  peat  charcoaL  The  exact  results  of  the 
experiments  have  not  been  made  known,  but,  certain  it  is,  they  did  not  promise  to  be 
commercially  successful,  and  the  idea  has  long  been  abandoned.  We  learn  from  the 
report  of  Sir  Bobert  Kane,  that  the  relative  quantities  of  charcoal  and  other  sub- 
stances produced  from  a  hundred  parts  of  peat  were  found  to  be : — 


"IfftgliniwH 

miiioiiim 

Charcoal 

.    29-222 

39-132 

18-978 

Tarry  matter 

.      2787 

4-417 

1-462 

Watery  products   . 

.    81-378 

38-127 

21-819 

Gases.        .       . 

.    86-616 

67-746 

25-018 

From  the  same  report  we  glean  the  following  tables,  giving  the  determinations  of 
carbon,  &c,  in  dif^nt  peats : — 


BBQNAUI/r 

Unnal,derPharm.) 

Hnum 
(Bert,  Jahrb.) 

Carbon 
Hydrogen    . 

Ash,  in  100  parts' 

Vnlmire 

near 
Abbeville 

Long 

near 

Abbeville 

Champ  de 
Fer,near 
Fnmont 

FrleaUnd 

compact 

tnrf 

Friesland 

sufBoe 

tort 

HoIUuid 

60-40 
6-90 

38-64 
5-68 

60-89 
6-21 

32-90 
4-61 

61-05 
6-45 

82-60 
5-88 

69-42 
5-87 

84-71 
3-80 

60-41 
5-57 

34-02 
0-91 

69-27 

5-41 

85-32 

14-25 

Tho^ollowing  results  were  obtained  by  Sir  Robert  Kane,  from  peats  from  the  Irish 
bogs ;  and  published  in  the  Proceedings  of  the  Boyal  Irish  Academy : — 


Eilbeggaa 

Ellbaha 

Cappogc 

inWestmeatb 

inOIaro 

inKUdL 

Carbon 

.     61-04 

61-13 

61-06 

Hydrogen   . 

6-67 

6-88 

6-85 

^:  :  \ 

.     30-46 

34-48 

39-66 

.       1-83 

806 

2-26 

The  determinations  of  charcoal  and  volatile  matters  found  in  peat  in  the  following 
table,  are :  1.  from  Rue,  in  Department  of  Somme ;  and  2.  from  Abbeville,  by  Berthier ; 
3.  from  Yauduse,  by  Diday ;  4.  from  S^eral,  by  SauvagB ;  and  5.  from  Kildare ; 
6.  from  Kilbeggan ;  7*  from  JB^baha ;  and  8.  Cappoge,  by  Sir  Robert  Kane : — 


1 

3 

8 

4 

5 

6 

7 

8 

Charcoal  . 

21-0 

28-0 

17-3 

22-0 

23-82 

22-67 

7214 

28-66 

Volatile  matter. 

72-0 

72-2 

65-8 

39-2 

78-63 

75-60 

72-80 

70-10 

Ash           .      . 

70 

4-8 

17-4 

8-3 

2-56 

1-83 

806 

6-24 

Feat  is  usually  charred  by  methods  similar  to  those  employed  for  the  carbonisation 
of  wood.  Kilns,  variously  constructed,  have  been  used,  but  the  success  attending 
the  production  of  peat  ch^jrcoal  b^  them,  has  not  been  suJB&cienily  great  to  induce  us 
to  occupy  space  with  any  description  of  them. 

In  1849,  Mr.  Vignoles,  C.R,  patented  a  process  for  charring  peat  by  steam,  super- 
heated to  the  melting  point  of  tin  or  lead.  Pulped  peat  is  thrown  in  mass  into  a 
cylindri<»l  drum-shaped  vessel,  divided,  if  necessary,  into  compartments,  which  is 
caused  to  revolve  with  great  rapidity  upon  an  axis — the  velocitv  requisite  being  such 
as  shall  drive  off  the  water  or  other  fluid  from  the  solid  parts  of  the  peat  or  turf  by 
centrifugal  force.  When  all  the  water  is  removed  from  tne  peat  by  tms  process,  and 
it  is  in  a  efferent  mass,  it  is  removed  and  moulded  into  blocks.  These  blocks  are 
put  into  large  cylindrical  iron  vessels,  into  which  steam,  at  frx>m  46  lbs.  to  60  lbs. 
pressure  per  square  inch,  is  admitted,  after  a  process  of  superheating,  by  traversing 
iron  tubes  heated  to  bright  redness.  This  process,  although  strongly  recommended, 
has  never  been  practically  adoi>ted. 

Peat  chiocoal,  as  £ur  as  heating  power  is  concerned,  ranks  among  the  best  kinds  of 
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fhel,  but  it  prodnceB  00  mnch  ash  as  to  make  its  use  yeiy  c^eelionable.  100  pounds 
of  dry  peat,  say  Messrs.  Bonalds  and  Bicbaxdson,  leave  21  lbs.  of  ash,  and  pro- 
duce 47  lbs.  of  chaiooal,  therefore  those  47  lbs.  of  peat  charcoal  -will  contain  21  lbs.  or 
45  per  cent  of  ash. 

Bogera  adopted  in  Ireland  a  system  of  drying  peat  and  carbonising  it,  vhich  iras 
for  some  time  carried  forward  with  mnch  promise  of  snccess.  Green  produced  a 
draught  of  hot  air  through  a  drying  house,  by  means  of  chimneys  and  fires.  He  then 
distilled  the  dry  peat  in  wrought-iron  crlinders,  similar  to  those  employed  in  making 
illuminating  gas,  the  gases  obtained  being  used  as  part  of  the  fuel  below.  Notwith- 
standing all  the  attempts  which  have  been  made  to  utilise  peat  charcoal,  these  is  no 
process  now  carried  out  on  a  large  scale. 

PiATonsBD  Ghabooai.. — This  preparation,  "which  appears  destined  to  become  ex- 
ceedingly valuable,  was  introduced  by  Br.  Stenhouse,  "who  thus  describee  the  mode 
of  preparation  and  some  of  its  uses : — 

*  The  lighter  kinds  of  wood  charcoal,  owing  to  the  nine  yolumes  of  oxygen  gas 
contained  in  their  pores,  possess  a  considerable  power  of  oxidising  the  greater 
number  of  easily  alterable  gases  and  vapours.  The  absorbent  power  of  charcoal, 
however,  is  comparatively  much  greater  than  its  capacity  for  inducing  chemical 
combination.  In  this  respect  charcoal  presents  a  remarkable  contrast  to  spon^nr 
platinum,  which,  thoudi  inferior  as  an  absorbent  for  some  gaseous  substances — sudk 
for  instance,  as  ammoma,  of  which  spongy  platinum  absorbs  only  80  volumes,  while 
charcoal  absorbs  ninety — ^is,  nevertheless,  immensely  more  effective,  both  as  an 
oxidiser,  and  as  a  promoter  of  chemical  combination  generally.  As  it  is  desirable 
for  some  purposes,  while  retaining  the  absorbent  power  of  charcoal  unimpaired,  to 
increase  its  oxidating  influences,  it  struck  me  that  this  important  object  might  be 
easily  efifected  by  combining  the  charcoal  with  minutely-divided  platinum.  In  this 
way,  a  combination  is  produced,  to  which  I  have  given  the  name  of  platinised  char- 
coal, which  possesses  the  good  properties  of  both  of  its  constituents.  In  order  to 
platinise  charcoal,  nothing  more  is  necessary  than  to  boil  the  charcoal,  eiUier  in 
coarse  powder  or  in  large  pieces,  in  a  solution  of  bichloride  of  platinum,  and  when 
the  charcoal  has  become  thoroughly  impregnated  with  the  platinum,  which  seldom 
requires  more  than  ten  minutes,  or  a  quarter  of  an  hour,  to  neat  it  to  redness  in  a 
close  vessel — a  capacious  platinum  crucible  being  very  well  adapted  for  this  purpose. 
When  1()0  grains  of  charcoal  were  impregnated  with  nine  grains  of  platinum,  hj  the 
process  jnst  described,  the  charcoal  was  found  to  have  undergone  no  change  in  its 
external  appearance,  though  its  properties  have  been  very  essentially  altered.  When 
a  few  grains  of  this  platinised  charcoal  were  passed  up  into  a  mixture  of  dry  oxygen 
and  hydrogen  in  the  proportions  to  form  water,  over  mercury,  the  two  gases  com- 
bined in  the  course  of  a  few  minutes,  precisely  in  the  same  way  as  when  a  day 
ball  of  spongy  platinum  is  employed.  When,  however,  a  fragment  of  charcoal  con- 
taining a  considerably  larger  proportion  of  platinum  was  passed  up  into  a  similar 
gaseous  mixture,  the  gases  instantly  combined  with  explosive  violence,  just  as  if 
platinum-black  had  been  used.  If  pieces  of  cold  platinised  charcoal  are  held  in  a  jet 
of  hydrogen,  thepr  speedily  become  incandescent,  and  inflame  the  gas.  Fladnised 
charcoal,  when  sbghtly  warmed,  likewise  rapidly  becomes  incandescent  in  a  current 
of  coal-gas,  but  the  jet  of  gas  is  not  inflamed,  owing  to  the  very  high  temperature,  a 
"white  heat,  which  is  required  for  this  purpose. 

*  In  the  vapour  of  alcohol  or  wood  spirit^  platmised  charcoal  becomes  red  hot,  and 
continues  so  tiU  the  supply  of  vapour  is  exhausted.  In  the  course  of.  a  few  hours, 
spirits  of  wine,  in  contact  with  platinised  charcoal  and  air,  is  converted  into  vinegar. 
I  find  ^t  two  per  cent,  of  platinum  is  sufficient  to  platinise  charcoal  for  most  pur- 
poses. Charcoal  containing  tb's  small  amount  of  j^atinum,  causes  a  mixture  of 
oxygen  and  hydrogen  to  combine  perfectly  in  about  a  quarter  of  an  hour,  and  this 
is  the  strength  of  platinised  diarcoal  that  seems  best  adapted  for  charcoal  disinfectant 
respirators.  Charcoal  containing  one  p^  cent,  of  platinum  causes  a  mixture  of 
oxygen  and  hydrogen  to  combine  in  about  two  hours ;  and  charcoal  containing  the 
extremely  minute  quantity  of  ^  per  cent  platinum,  produces  the  same  effect  in  frtm 
6  to  8  hours.  Platinised  charcoal  seems  likely  to  admit  of  various  useful  applications ; 
one  of  the  most  obvious  of  these  is  its  excellent  adaptability  to  air-filters  and  re- 
spirators for  disinfectant  purposes.  It  is  plain  that  no  easily  alterable  organic  vapours, 
such  as  effluvia  or  miasmata,  can  remain  in  contact,  even  for  a  few  minutes,  with 
platinised  charcoal  without  being  destroyed,  their  carbon  being  converted  into  carbonic 
add,  and  their  hydrogen  intb  water. 

*  Platinised  charcoal  also  seems  likely  to  prove  a  highly  useful  application  to  malig- 
nant ulcers  and  similar  sores,  on  which  I  confidently  expect,  from  its  powerful 
oxidating  properties,  that  it  will  act  as  a  mild,  but  effectivo,  caustic.  Perhaps,  how- 
ever, as  an  application  to  sores,  platinised  asbestos,  either  alone,  or  in  combination 
with  platimsed  charcoal,  might  be  found  more  manageable.    In  those  diseases  also 
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'whene  the  interaal  use  of  chaxcoal  lias  been  found  beneficial,  I  ehonld  think  that 
platinifled  charcoal  may  be  adyantageonsly  subetitQted.  In  Bunsen's  carbon  battery 
alBo  the  employment  d  platinised  charcoal  may,  I  think,  be  adTantageonsly  tried. 

'  It  is  clear  that  the  amount  of  platinum  in  the  charcoal  may  be  yariea  almost  at 
pleasure,  according  to  the  strength  of  the  platinum  solution  employed  in  its  prepara- 
tion, and  the  purposes  to  which  the  charcoal  is  intended  to  be  applied.  Almost  any 
form,  and  even  rery  considerable  dimensions,  may  be  given  to  the  platinised  charcosd 
— circumstances  which  greatly  extend  the  range  of  its  applications. 

09 AROOAJbS.  Tiie  name  by  which  the  best  tan  plates  are  known ;  these  are 
always  made  by  charcoal  fires. 

OBA8CBI8CB9  or  Hashash,  Hadaehy  is  not  the  correct  term  for  this  narcotic 
drug,  for  Hadschy  means  a  pilgrim ;  the  true  name  is,  acccnrding  to  pronunciation, 
^Chasohisohf  the  Arab  word  for  nemp  (Cannabis  aaiiva).  By  this  name,  all  intoxicating 
^drugs  whose  chief  constituent  is  this  herb  are  well  known  over  the  whole  of  the  East. 
The  mode  of  preparing  chaschisch  is  the  following : — 

The  tops  and  all  the  tender  parts  of  the  hemp  plant  are  collected  alter  the  period  of 
inflorescence ;  dried  and  ke|>t  for  use.  It  must  be  premised  that  the  hemp  plant  is  in 
the  East  distingtdshed  by  its  narcotic  properties,  although  botanists  are  unable  to 
detect  any  difference  between  this  and  the  European  epedes.  The  dried  hemp  or 
chaschisch,  is  used — 

1st  Boiled  in  fdt,  butter,  or  oil,  with  a  little  water;  the  filtered  product  is  employed 
in  all  kinds  of  pastiy. 

2nd.  Powdered  for  smoldng :  5  or  10  grains  of  the  powder  are  smoked  f^rom  a 
common  pipe  {tsubtik)  with  ordinary  tobacco  (tutiim)^  or  from  a  water-pipe  (nargi^) 
with  another  land  of  tobacco  {((rnbein).  The  tombeb  is  probably  the  leaf  of  a  species 
of  lobelia ;  it  is  smoked  in  a  nargiele,  and  is  uncommonly  narcotic ;  so  much  so,  l^t 
it  is  ordinarily  steraed  in  water  for  a  few  hours  before  it  is  used,  to  weaken  it,  and  the 
pipe  is  charged  with  it  whilst  it  is  yet  wet 

drd.  Formed  with  tragacanth  mucilage  into  pastiles,  which  are  placed  upon  a  pipe 
and  smoked  in  similar  doses.  These  last  two  preparations  are  termed  esrar  (esrar 
is  the  Arab  word  for  secret) ;  they  are  the  most  actiye  of  all  the  preparations  of 
chaschisch,  and  the  first  pipe  will  cause  cerebral  congestion  in  beginners. 

4th.  Made  into  an  electuary  with  dates  or  figs  and  honey.  This  preparation  is  of 
a  dark  brown,  almost  black  colour,  and  tastes  of  dates  and  hemp ;  it  is  less  active 
than  the  esrar. 

6th.  Lastly,  another  electuary  is  prepared  of  the  same  ingredients  with  the  addition 
of  spices,  clove,  cinnamon,  pepper,  amber,  and  musk.  This  preparation  is  used  as  an 
aphrodisiac. 

^  Chaschisch  is  said  not  to  produce  stupor,  but  the  most  pleasant  species  of  intoxica- 
tion. The  person  under  its  influence  feels  with  perfect  consdouBnees  in  the  best 
of  all  humours ;  all  impressions  from  without  produce  the  most  grateM  sensations ; 
pleasant  illusions  pass  before  his  eyes,  and  he  feels  comfortably  happy ;  he  thinks 
himself  the  happiest  man  on  earth,  and  the  world  appears  to  mm  Paradise.  From 
this  imaginative  state  he  passes  into  the  every-day  state,  with  a  perfect  recollection 
of  all  sensations,  and  of  everything  he  has  done  and  of  every  word  he  has  spoken. 
The  effects  of  a  continual  use  of  the  narcotic  are  emaciation  and  nervous  debility. 

OBATKABK  KXCMIT.  A  flash-lig^t  used  for  military  purposes,  obtained  by 
blowing  a  mixture  of  powdered  resin  and  magnesium  through  a  spirit  flame. 

OBAT  BOOT.  The  root  of  the  Oldemandia  umbellaia,  a  plant  grown  on  the 
Coromandel  Ck)ast  in  India,  and  valued  for  the  red  dye-stuff  which  it  yields. 

CBBCX.  A  doth  in  which  coloured  lines  or  stripes  cross  each  other  rectangularly. 
Blackburn  in  England,  and  Eirkaldy  in  Scotland,  are  P^jb  prindpal  centres  of  the 
check  manu&cture.    See  Weaving. 

onwimwm.  {Frcmage,  Fr.;  KasSy  Ger.)  The  curd  of  milk  which  has  been  allowed  to 
undergo  a  peculiar  change,  by  which  it  acquires  the  well-known  flavour.  The  most  cele- 
brated English  cheeses  are  manufactured  in  Cheshire,  Gloucestershire,  and  Somersetshire. 
The  milk  of  animals  contains  three  prindples,  whidi  are,  by  very  slight  changes,  sepa- 
rated £N>m  each  other.  By  a  short  repose,  an  oily  portion  rises  to  the  surfeice  of  the 
milk — ^this  consists  of  the  cream  globules,  which  are  readily  converted  into  butter. 
If  any  add  be  added  to  the  milk,  a  curd  separates ;  this  is  the  caseous  matter,  or 
casein,  which  being  pressed  in  moulds,  becomes  cheese ;  the  third  portion  bdng  the 
serum  or  whey.  l%e  cheesy  matter  which  exists  in  milk  in  a  soluble  state,  is  usually 
separated  by  means  of  rennet  {see  BsmnET) — that  is,  it  is  coagulated  by  it,  or  ren- 
dered insoluble.  The  action  of  rennet  upon  milk  is  still  very  imperfectly  understood. 
In  order  to  investigate  the  subject,  Berzelius  washed  and  dried  tne  stomach  of  a  calf, 
and  yet  he  found  that  one  part  of  this,  mixed  with  nearly  2,000  parts  of  skimmed 
milk,  and  heated  to  120^  F.,  so  completely  coagulated  the  caseous  matter  that  no 
trace  of  it  remained  in  solution.    All  adoa  ctudle  milk^muriatic  (hydrodiloEic) 
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acid  is  eaid  to  be  tsed  for  tliis  purpose  in  HoUimd.  Some  vegetables  readilj 
coagulate  milk,  amongst  others  the  jmce  of  the  fig-tree,  and  the  flowers  of  the  Galium 
verum^  the  yellow  l^fa  bed-straw,  or  cheese  rennet.  The  odonr  of  the  flowers  of 
this  plant  is  sweet,  the  stalks  and  flowers  haye  been  used  in  Cheshire  to  curdle  milk, 
and  they  are  said  to  give  a  peculiar  flavour  to  that  kind  of  cheese. 

There  are  different  kinds  of  cheeses  according  to  the  manner  of  preparing  them. 

8qfi  oheesea^SLB  cream  cheese,  and  Bath  and  Yorkshire  cheese,  which  wUl  not  keep 
long,  and  are  therefore  sold  as  soon  as  made. 

Hard  cheesea—Bs  Cheshire,  Gloucester,  Cheddar,  F&rmesan,  and  Dutch  cheese. 

Intemudiate—we  may  regard  the  Gruy^  and  Stilton. 

^e  following  is  the  process  used  for  cheese-making  in  general.  The  milk  is  first 
strained,  then  put  into  a  large  cauldron,  which  hangs  from  an  iron  crane  oyer  a 
wood  fire,  and  heated  to  nearly  blood-heat  It  is  then  removed  from  the  fire,  the 
TOepared  rennet  is  added  to  it,  and  stirred  till  it  is  well  mixed  with  the  warm  milk. 
The  cauldron  is  then  covered  with  a  doth,  and  left  for  about  half  an  hour  or  an 
hour,  till  the  coagulum  is  formed.  This  done,  t^e  curd  is  cut  horizontally,  with  a 
fiat  wooden  skimming  ladle,  made  for  that  purpose,  into  thin  slices,  which  are  poured 
against  the  side  of  the  cauldron,  so  that  eveiy  portion  of  the  curd  thus  rises  to  the 
«ur&ce,  and  is  thinly  sliced.  The  cauldron  is  then  replaced  over  the  fire,  and  the 
whole  is  well  stirred  with  a  long  staff  with  a  knob  made  of  hard  wood  at  the  end, 
and  small  sticks  placed  crosswise  through  holes  bored  in  it;  this  breaks  the  curd  into 
very  small  pieces ;  the  stirring  is  continued  until  the  heat  is  raised  to  135^,  when  the 
cauldron  is  again  taken  off  the  fire.  It  is  then  stirred  for  nearly  an  hour  more  with 
the  sta£^  and  when  this  is  done,  the  curd  is  found  in  small  pieces  about  the  size  of  a 
pea,  which  feel  elastic  and  rather  tough.  The  curd  is  then  collected  in  the  bottom 
of  the  cauldron,  and  the  whey  fioats  at  the  top :  a  cl<^  is  put  nnder  the  curd,  and 
lifted  by  the  four  comers  on  to  an  instrument,  something  like  a  small  ladder  which  is 
placed  across  the  top  of  the  cauldron.  The  whey  runs  out  through  the  doth,  then 
the  curd  in  the  doth  is  put  into  a  hoop,  made  of  a  thin  jneoe  of  wood  ;  and  a  board 
about  two  inches  thick  is  placed  over  it;  it  is  then  put  into  the  press.  After 
remaining  in  the  press  about  an  hour,  the  curd  is  exammed,  and  the  edges  which 
have  pressed  over  the  ring  are  pared  off  and  put  in  the  centre  of  the  cheese.  The 
(^eese  is  then  taken  out  of  the  hoop  and  turned,  and  a  fresh  doth  substituted.  This 
is  done  two  or  three  times  during  the  day.  A  little  finely-powdered  salt  is  then 
rubbed  on  both  sides  of  the  cheese,  and  it  is  left  in  the  press  until  th^  next  morning ; 
after  that  it  is  taken  out  and  put  on  a  shelf,  where  it  is  allowed  to  remain  for  six  or 
eight  weeks,  having  a  little  salt  rubbed  into  it  eveiy  day  till  it  will  not  take  any 
more.  The  weather  has  a  great  influence  on  the  dauy.  In  Cheshire,  cheeses  are 
made  in  great  perfection,  hi  making  them  they  are  particularljr  careful  to  extract 
every  partide  of  whey ;  to  do  this  they  press  the  curd  very  tightly  in  boxes  with  holes 
bored  in  them ;  they  then  put  wooden  skewers  through  these  holes  into  the  dieese, 
so  that  no  whey  can  possibly  remain  in  the  curd.  This  process  gives  Cheshire 
cheeses  the  solid  appearance  which  they  possess.  If  there  are  anv  holes  in  them 
they  are  considered  imperfect.  In  these  cheeses  the  salt  is  mixed  with  the  curd, 
instead  of  being  rubbed  on  the  outside  of  the  cheese.  This  prevents  fermentation,  or 
the  formation  of  any  elastic  matter.  Gloucester  and  Somersetshire  cheeses  are 
made  in  just  the  same  way  as  the  Cheshire,  except  that  the  curd  is  not  quite  so 
much  broken,  or  the  skewers  put  through  the  cheese,  and  some  portion  of  the  cream 
is  generally  taken  to  make  butter.  Warm  water  is  poured  over  the  curd  to  wash 
from  it  any  whey  that  may  still  be  remaining  in  it,  or  to  dissolve  any  of  the  <nly 
part,  or  butter,  that  may  have  separated,  before  the  milk  had  been  coagulated. 

Stilton  cheeses  require  great  care  in  making  them.  They  are  made  by  adding  the 
preceding  evening's  cream  to  the  morning's  milk.  The  cream  and  milk  must  be  well 
mixed  together,  and  after  the  milk  is  coagulated,  the  curds  must  be  strained  through 
a  sieve,  only  lightly  pressed,  and  then  put  into  a  shape ;  when  it  is  firm  enough  it  is 
taken  out,  bound  round  with  a  doth  to  keep  it  from  breaking,  and  set  on  a  shelf.  It 
is  sometimes  powdered  with  fiour  and  plunged  into  hot  water  to  harden  the  outside. 
Stilton  cheese  is  generally  preferred  in  a  mouldy  state,  and  to  hasten  this,  pieces  of 
another  mouldy  dieese  are  often  inserted  in  the  new  Stilton,  or  wine  or  ale  poured 
over  it  But  &  the  cheese  is  rich,  it  does  not  require  this,  but  the  inside  will  get  soft 
like  butter,  without  getting  mouldy. 

Qruyhre  and  Farmewn  cheeses  are  made  by  the  process  first  described ;  the  only 
difference  between  them  being,  that  a  greater  degree  of  heat  is  used  in  making  B&r- 
mesan  than  in  making  Gruyire,  and  this  renders  the  Parmesan  cheese  diy  and 
grained,  while  the  Gruy^re  is  pressed  and  compact  A  little  saffron  is  also  used  to 
give  Parmesan  colour  and  fiavour,  but  nothing  is  used  for  Gruy^. 

Dutch  cheeses  are  made  in  a  verv  similar  way  to  Gloucester  dieeses ;  but  instead 
t>f  using  rennet  tcr  curdle  the  milk,  the  Dutch  use  muriatic  add,  or  spirits  of  8alt« 
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They  are  very  careAil  to  pieyeiit  fennentataon  in  thig  cheese,  and  in  order  to  effect 
this,  the  curd,  after  being  veil  broken  and  pressed,  is  soaked  in  salt  and  water ;  salt 
is  also  rubbed  on  the  outside  of  the  cheeses,  audit  thus  acquires  the  quality  of  keeping 
-well,  even  in  warm  climates.  These  cheeses  are  generally  known  in  Holland  by  the 
name  ci  Edam  cheeses,  from  the  name  of  the  place  where  they  are  made. 

Another  cheese  mudi  used  in  Holland  is  one  made  from  skim  milk ;  not  having 
much  flavour  of  its  own^  cummin  seeds  are  mixed  with  the  curd  to  supply  this  defect 

The  Rojptefort  cheese  is  made  in  France  from  goats'  or  sheep's  milk.  The  evening's 
and  morning's  milk  are  mixed,  and  rennet  is  used  in  the  ordinary  way  to  coagulate  it. 
The  curd  is  then  subjected  to  great  pressure,  and  when  the  whey  is  all  extracted,  the 
cheeses  are  laid  on  shelves,  side  by  side,  and  frequently  wiped  carefully  to  dry' them 
without  heat.  They  generally  wrap  the  cheeses  in  coarse  cloths,  to  prevent  them 
from  cracking  in  drying.  When  they  are  quite  dried,  they  are  taken  to  caves  dug  in 
the  rocks,  where  th&air  is  always  cool,  and  placed  on  shelves.  They  are  then  salted, 
and  after  about  tvro  or  three  days,  they  are  rubbed  with  a  coarse  cloth,  and  then 
scraped  with  a  knife.  They  are  then  left  for  fifteen  days,  during  which  time  they 
get  nard,  and  begin  to  pet  mouldv  on  the  outside :  the  mouldiness  is  removed  by 
a  knife,  and  this  pW>ce6s  is  repeated,  every  fifteen  days,  for  two  months,  and  sometimes 
ofbener.  During  this  time  the  crust  formed  on  the  dieeses  becomes  successively  white, 
greenish  and  reddish ;  when  it  is  this  latter  colour,  they  are  fit  for  use. 

The  Brie  cheese  is  another,  the  quality  of  which  is  nearly  as  good  as  the  last,  but  it  is 
only  used  in  the  places  where  it  is  manu&ctured,  because  it  will  not  keep.  It  is  very 
simply  made  ;  the  milk  curdled  in  the  usual  manner  is  put  to  strain  on*  a  wicker  frame. 
When  all  the  whey  has  been  extracted,  the  cheese  is  salted  and  put  in  a  very  cool  place ; 
the  salting  is  repeated  every  two  days :  when  salted  sufficiently  it  is  removed  to  a 
cave  or  placed  on  a  bed  of  hay,  until  it  softens.  This  cheese  should  be  eaten  when  it  is 
about  the  consistency  of  cream ;  it  is  then  delicious,  but  if  left  longer,  it  becomes  putrid. 

The  Neufehdtel  aheeeee  are  merely  cream  thickened  by  heat,  and  then  compressed 
in  a  small  mould.    They  are  esteemed  a  great  delicacy. 

There  is  a  small  cheese  much  relished  in  Germany,  made  from  skimmed  milk. 
The  milk  is  curdled  by  being  placed  near  the  fire ;  the  curds  are  then  put  into  a 
linen  bag,  and  all  the  whey  pressed  out  of  them.  When  this  has  become  solid,  the 
curd  is  again  broken  in  a  tub,  and  allowed  to  remain  in  this  state  for  several  days. 
Putrid  fermentation  then  begins  to  take  place ;  when  in  this  state  it  is  taken  and 
rolled  into  little  balls  with  the  hand,  and  flavoured  with  carraway  seed.  After  a  few 
days  the  inside  of  the  ball  becomes  soft,  and  it  is  then  esteemed  a  great  dainty  by  many. 
Sometimes  they  are  placed  in  the  smoke  of  a  chimney  over  a  wood  fire ;  the  smoke 
hardens  the  outside,  and  when  they  are  eaten,  it  is  taken  off  like  the  rind  of  an  apple. 

The  Schabeieffer,  a  Swiss  cheese,  is  made  in  much  the  same  manner ;  the  curd  is 
worked  into  a  paste  with  a  large  quantity  of  an  herb,  called  in  the  country  dialect 
Ziegerkraut,  finely  powdered.  It  is  then  pressed  into  a  mould,  and  becomes  very 
solid,  and  capable  of  being  kept  a  long  time.  When  eaten  it  is  scraped  and  mixed 
with  butter,  and  spread  on  bread.    It  possesses  a  very  peculiar  taste. 

The  Jura  cheese  is  very  much  like  the  Oruy&re,  and  is  often  sold  for  it. 

There  is  a  kind  of  cheese  or  hard  curd  made  in  Switzerland  with  the  whey  that  is 
left  after  making  other  cheeses.  The  whey  is  heated  over  the  fire  until  a  thick  scum 
arises ;  it  is  then  put  in  a  square  box,  all  the  whey  runs  ofl^  and  the  curd,  which  is 
called  serrit  remains ;  this  is  dried,  and  although  nearly  flavourless,  is  much  eaten  by 
the  people  on  the  mountains,  who  use  it  insteul  of  bread.  They  cut  it  in  sliceSi  and 
spread  butter  on  it,  and  it  forms  the  principal  food  of  some  of  the  herdsmen^ 

Composiiion  of  Cheese, 
(Fayeo,  Journal  Phanna.). 
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If  a  choose  is  hard  and  dry  it  is  much  improTod  hy  iruhiag  wtnnl  tines  in  soft 
-water,  and  then  laying  it  in  a  cloth  moistened  with  wine  or  Tinagar.  This  method  is 
often  practised  in  Switzerland,  where  cheeses  are  often  kept  fiir  many  years. 

In  England,  cheeses  are  frequentl;]^  coloured :  the  substance  most  generally  used  for 
colouring  is  amotto.  Sometimes  the  juice  of  the  orange  or  oanot,  and  the  ilower  of  the 
marigold,  are  used  fbr  this  purpose.    Foreign  cheeses  are  seldom  cdlonxed. 

Cheese  of  certain  dairies  and  districts  is  apt  to  undergo  a  remarkable  decom- 
position, whereby  yalerianio  add  is  formed.  Messrs.  Sjenko  and  Laskowsi  distilled, 
along  with  water,  a  turbid  ammoniacal  liquor,  which  being  redistilled  along  with  some 
sulphuric  add,  and  the  product  neutralised  by  barytes,  the  reeultinff  saline  compound 
proved  to  be  the  ralerianate  of  that  base,  mixed  with  compounds  of  bu^rrie  add, 
caproic  add,  caprylic  add,  and  caprio  add;  the  cheese  was  from  Limbouzg. 
Valerianic  add  was  found  by  M.  Balaid  in  the  cheese  of  Boquefbrt 

OXBmOAXi  AmwXTT.  The  term  used  to  express  the  force,  in  obedience 
to  'which  combinations  of  apparently  dissimilar  bodies  are  produced* 

CBBMXOAX  rnxmnUB.   See  FoBicuui,  CmtMTCAT^ 

OHaMXOK,    See  BiMkcanxa, 

CUmMMVtMMTMm  A  hydrous  arsena^te  of  peroxide  of  iron  and  piotoodde  of 
copper,  fh)m  Cornwall. 

OMMBMY  OOA&.  A  soft  non-caking  coal.  The  coals  of  Staffordshire,  of 
Derbyshire,  and  much  of  the  Scotch  coal  appears  to  belong  to  this  Tsriety.    See  Ooal. 

ommmT  TUa.  The  Tunbridge  turners  use  the  wood  largely,  considering  the 
wood  of  the  black-heart  cherry  the  best.  It  is  a  hard,  dose-grained  wood,  of  a  pale 
red-brown  colour. 

cnnntTt  a  Ailiceous  mineral  nearly  allied  to  dialoedonjr  and  flint.  It  generally 
occurs  in  limestone  rocks,  and  beds  of  it  are  not  uncommon  m  parts  of  ths  Mountain 
limestone.  A  gradual  passage  from  diert  to  limestone  is  not  unccnnmon. — ^^^Sff^' 
Chert  is  a  term  often  applied  to  homstone,  and  to  any  impure  flinty  rock,  inducing 
Uiejaspers. — Dana, 

Chert  is  worked  extensirely  out  of  the  Carboniferous  Limestone  quarries  of  Flint- 
shire, espedally  at  Halkin  and  at  Talacre.  It  is  also  produced  in  considerable  quantities 
in  the  same  formation  in  Derbyshire.  It  is  used  in  the  Potteries,  for  paving  the  mills 
in  which  flints  are  ground.  

OKXSST  009WMML  or  CMEMVnjTM*  The  blue  carbonate  of  copper  iHiich 
is  found  in  great  beauty  at  Chessy  near  Lyons.    See  Azubitb. 

OKB8TWUT.  {dcutanea  vesca,)  The  wood  of  this,  the  sweet  or  Spanish  chest- 
nut, is  sometimes  used  in  house  carpentry.  The  wood  c^  an  oak  (Queroua  9emUJUjm) 
is  often  mistaken  for  it. 

The  wood  of  the  horse  chestnut  {Macrdus  h^fipoeatianmH)  is  one  of  the  white  woods 
much  used  by  the  turners  of  Tunbridge ;  it  is  also  empl<^red  fbr  brush  badcs.  The 
white  {inner)  bark  of  the  horse  chestnut,  when  infused  in  boiling  water,  produces  a 
yellow  fluid,  which  possesses  the  remarkable  power  of  fluereseenoe,  that  is,  it  threme 
oach  from  its  first  surface  a  set  of  rays  of  hi^  refirantdbility,  and  of  a  blue  colour, 
while  the  ordinary  yellow  rays  are  duly  transmitted.  The  phenomena  have  been  fully 
inyestigated  by  Plrofessor  Stokes,  to  whom  the  name  is  also  due.    See  Fluobbscsncb. 

ORZCA  is  a  red  colouring  prindple  made  use  of  in  America  by  some  Indian  tribes  to 
stain  their  skins.  It  is  extracted  from  the  Bignonia  ddoa  by  boiUng  its  leaTSS  in  water, 
decanting  the  decoction,  and  allowing  it  to  settle  and  cool,  when  a  red  matter  £bi11s  down, 
which  is  formed  into  cakes  and  drie£  It  is  not  much  used  in  this  oountzy.  The  erqfwm 
or  carcuru^  which  is  imported  horn  Ftoa  in  Brazil  is  m(»e  firequMitly  employed. 
The  dyes  are  probably  identical,  but  one  is  purer  than  the  other.    See  CAsuimA. 

OSZCOST.  The  root  of  the  Ckicorium  intybus ;  Wild  Succory  or  Chicory.  Tins 
plant  is  cultiyated  in  various  parts  of  England,  growing  weU  in  a  grayelly  and  chalky 
soil ;  also  in  Belgium,  Holland,  Germany,  and  France.  Hie  roots  of  the  wild  sneomy 
were  formerly  used  medidnally ;  it  possesses  properties  in  many  respects  resembling 
those  of  the  dandelion,  but  it  is  rarely  employed  for  curative  purposes  in  the  present  day. 

Chicory  root  roasted  has  been  emploved  as  a  substitute  for  coBbe  for  moce  than  a 
century.  {Consiantini,  Naehrieht  ffon  a.  Ciehariatnottred,  1771.)  It  is  now  emplqved 
extensivelv  as  a  mixture  with  coflfoe,  which,  although  allowed,  cannot  be  regaided  other 
than  an  adulteratiou. 

Chicory  root  is  heated  in  iron  cylinders,  which  are  kept  revolving  as  in  the  roasting 
of  coffee.  In  this  country  about  two  tounds  of  lard  are  added  to  every  cwt*.  of 
chicory  during  the  roasting  process :  in  France  butter  is  used ;  by  this  a  lustre  and 
colour  resembling  that  of  coffee  is  imparted  to  it.  When  roasted  the  cinearj  is 
ground  to  powder  and  mixed  with  the  coffee.  Chicory  has  been  supposed  by  some 
persons  to  be  wholesome  and  nutritive,  while  others  contend  that  it  is  ndtner  one 
nor  the  other ;  however,  no  obvious  ill  effects  have  been  observed  to  arise  from  its 
employment^  if  wo  except  the  occasional  tendency  to  eg^cite  djarrhcea  when  it  hu 
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been  nsed  to  ezcesH.  The  analysis  of  chicory  root  by  John  gave  25  ports  watery 
bitter  extractive^  8  parts  resin^  besides  suqar^  sal-ammoniac^  and  woody  fibre.  Walu 
procured  iniUin  from  it,  bat  the  qnantatn^  raries  greatly  in  difierent  roots.  The 
following  remarks  on  the  adulteration  of  chicory  are  by  Dr.  Pereira  :— 

•Boated  chicory  is  extensively  adulterated.  To  colour  it,  Venetian  red  and, 
perhaps,  red<Ue  are  used.  The  former  is  sometimes  mixed  with  the  lard  before  this 
is  introduced  into  the  roasting  machine ;  at  other  times  it  is  added  to  the  <^cory 
during  the  process  of  grinding.  Boasted  pulse  (peas,  beans,  and  lupines),  com  (rye 
and  £imaged  wheat),  roots  (parsnips,  carrots,  and  mangold  wurzel),  bark  (oak-bark 
tan),  wood  dust  (logwood  and  mahogany  dust),  seeds  (acorns  and  horse-chestnuts), 
the  marc  of  coffee,  cofifee  husks  (called  cofTee-Oiffhts),  burnt  sugar,  baked  bread,  dog 
biscuit,  and  baked  liyers  of  horses  and  bullocks  (!),  are  substances  which  are  said  to 
have  been  used  for  adulterating  chicory.  A  mixture  of  roasted  pulse  (peas  usually)  and 
Venetian  red  has  been  used,  under  the  name  of  Hambro'  powder^  for  the  same  purpose. 

*  The  following  are  the  chief  modes  of  examining  chicory  with  the  view  to  the 
detection  of  these  adulterations : — 

*  Ist  Careful  examination  of  the  odour,  flarour,  and  appearance  to  the  naked  eye 
of  the  suspected  powder.    In  this  way  foreign  substances  may  sometimes  be  detected. 

'  2nd.  A  portion  of  the  dried  powder  is  to  be  thrown  on  water ;  the  chicory  rapidly 
imbibes  the  water  and  fsills  to  the  bottom,  whereas  some  intermixed  powders  (as  the 
marc  of  cofibe)  float. 

*  8rd.  The  suspected  powder  is  to  be  submitted  to  careful  microscopical  examina- 
tion. Pulse  and  com  may  be  detected  by  the  size,  shape,  and  stracture  of  the  starch 
grains.  Hie  tissues  of  barks,  woods,  and  other  roots  may  also  be  frequently  disldn^ 
guished  ftom  those  of  the  chicory. 

*  4th.  A  decoction  of  the  suspected  chicory  is  then  to  be  prepared,  and,  when  cold, 
to  be  tested  with  solution  of  iomne  and  persulphate  of  iron. 

*  Iodine  colours  a  decoction  of  pure  chicory  brownish ;  whereas  it  produces  a 
purplish,  bluish,  or  blackish  colour  with  decoctions  of  roasted  pulse,  roasted  com, 
baked  bread,  roasted  acorns,  and  other  substances  containing  starch.  Persulphate  or 
perchloride  or  iron  does  not  produce  much  efibct  on  a  decoction  of  pure  chicory,  but 
it  communicates  a  bluish  or  blackish  tint  to  a  decoction  of  oak-bark,  of  roasted  acorns, 
and  other  substances  oontainine  tannic  or  gallic  acids. 

'  5th.  By  incineration,  pure  dried  chicory  yields  from  4  to  5  per  cent  of  a  grey  or 
f)&wn-coloiired  ash.  If  Venetian  red,  or  any  earthy  or  mineral  substances,  be  present, 
a  larger  amount  of  ash  is  obtained.  Moreoyer,  when  Venetian  red  has  been  employed, 
the  colour  of  the  ash  is  more  or  less  red.' 

Our  Jtiyportaiions  of  Chicory  have  been  as  follow : — 

Saw  or  Kiln-dried  at  IL  6s,  6d,  per  ewt,  duty,  imposed  April  17>  1863. 

ISn  1873 

0wt8.  £  Owts.  £ 

From  Belgium      .        .        .    74,067        54,119  04,539        64,282 

Holland      ...        —  —  6,128  4,870 

Other  Countries .        .      8,808  1,796  842  614 

Total.        .        .    77,875        55,915  101,504        69,266 

Roasted  or  Ground  ai  Ad,  per  lb,  duty,  imposed  April  17, 1868. 

1871  1872 

Owts.               £  CwtB.  £ 

From  Belgium     .        .        .     122,858        1,040  107,978  929 

Bussia        ...        —               —  70,888  850 

Other  countries  .              11,963           328  8,810  144 


Total.  .    134,816        1,368  187,666        1,923 


Oil TTiBR  ■  m  ITMm  This  mineral  may  be  regarded  as  a  hydrous  phosphate  of 
alumina  and  iron.  The  composition  of  a  specimen  analysed  by  Bammelsberg  was : 
phosphoric  acid,  28*9 ;  alumina,  14 ;  protoxide  of  iron,  29*8 ;  protoxide  of  manganese, 
9 '5;  water,  18*8.  At  Crinnis^ne  in  Cornwall,  childrenite  is  found  on  slaSe,  and 
near  Tavistock  in  Devonshire,  with  apatite. 

CBZUB  SA&TVSntB.    Native  nitrate  of  soda,  or  cubic  nitre.    ' 

ClfTTilHTB  A  vanadate  of  copper  and  lead,  occurring  at  the  silyer  mine  of 
Mina  Granda,  in  Chile. 

CB&UU,  commonly  CkUlies,  The  fruit  of  certain  species  of  capsicum,  valued  for 
their  pungency. 

C^Biannrr.  (Chemnie,  Fr. ;  Schomstein,  Ger.)  (The  whole  of  this  article  is 
retained  as  written  oy  Br.  Ure,  his  investigation  on  some  of  the  points  involved  being 
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of  much  valae.y  Chimney  is  a  modern  invention  for  promoting  the  draught  of  fires 
and  carrying  off  the  smoke,  introduced  into  England  so  late  as  the  age  of  Elizabeth, 
though  it  seems  to  have  been  employed  in  Italy  100  years  before.  The  Eomans, 
vith  all  their  luxurious  refinement,  must  have  had  their  epicurean  cookery  placed  in 
peroetual  jeopardy  from  Uieir  kitchen  fires,  which,  having  no  vent  by  a  vertical  tunnel 
in  the  walls,  discharged  their  smoke  and  frequently  their  flames  at  their  windows,  to 
the  no  small  alarm  of  their  neighbours,  and  annoyance  of  even  the  street  passengers. 

Chimneys  in  dwelling-houses  serve  also  the  valuable  purpose  of  promoting  a  salu- 
brious circulation  of  air  in  the  apartments,  when  not  foolishly  sealed  with  anti-venti- 
la  ting  stove-chests. 

Tho  first  person  who  sought  to  investigate  the  general  principles  of  chimney 
draughts,  in  subserviency  to  manufacturing  establishments,  was  the  celebrated  Hont- 
golfier.  As  the  ascent  of  heated  air  in  a  conduit  depends  upon  the  diminution  of  ita 
specific  gravity,  or,  in  other  words/  upon  the  increase  of  its  volume  by  the  heat,  the 
ascensional  force  may  be  deduced,  from  the  difference  between  the  density  of  tho 
elastic  fiuid  in  t^e  interior  of  the  chimney,  and  of  the  external  air;  that  is,  between 
the  different  heights  of  the  internal  and  external  columns  of  elastic  fluid  supposed  to 
be  reduced  to  the  same  density.  In  the  latter  case,  the  velocity  of  the  gaseous  pro- 
ducts of  combustion  in  the  interior  of  the  chimney  is  equal  to  that  of  a  heavy  body 
let  faXL  from  a  height  equal  to  the  difibrence  in  height  of  tne  two  aSrial  columns. 

To  illustrate  tMs  position  by  an  example,  let  us  consider  the  simple  case  of  a 
chimney  of  ventilation  for  canying  off  foul  air  from  a  factory  of  any  kind ;  and  suppose 
that  the  tunnel  of  iron  be  incased  throughout  with  steam  at  212^  f  ahr.  Suppose  this 
tunnel  to  be  100  yards  high,  then  the  weight  of  the  column  of  air  in  it  will  be  to  that 
of  a  column  of  external  air  100  yards  high,  assumed  at  82°  Fahr.,  inversely  as  its  ex- 
pansion by  180° ;  that  is,  as  72*727  is  to  100.  The  column  of  external  air  at  32° 
being  100  yards,  the  internal  column  will  be  represented  by  72*727;  and  the  difEarenoe 
» 27*27)  will  be  the  amount  of  unbalanced  weight  or  pressure,  which  is  the  efifective 
cause  of  the  ventilation.  Calculating  the  velocity  of  cnrrent  due  to  this  difference  of 
-weight  by  the  well-known  formula  for  the  fall  of  heavy  bodies,  that  is  to  say,  multi- 
plying the  above  difference,  which  is  27*27,  by  the  constant  factor  19*62,  and  extracting 
the  square  root  of  the  product;  thus,  VI 9*62  x  27*27 » 23' 13  will  be  the  velocity  in 
yards  per  second,  which,  multiplied  by  8,  gives  69*39  feet.  The  quantity  of  air  which 
passes  in  a  second  is  obtained  of  course  by  multiplying  the  area  or  cross  section  of  the 
tunnel  by  this  velocity.  If  that  section  is  half  a  yard,  that  is=a  quadrangle  2^  feet 
by  2,  we  shall  have  23*13  x  0*5  » 11*^65  cubic  yards, «  312^  cubic  feet 

The  problem  becomes  a  little  more  complicated  in  calculating  the  velocity  of  air 
which  has  served  for  combustion,  because  it  has  changed  its  nature,  a  variable  pro- 
portion of  its  oxygen  gas  of  specific  gravity  1*111  being  converted  into  carbonic  add 
gas  of  specific  gravity  1*534.  The  quantity  of  air  passed  through  well-constructed 
furnaces  may,  in  general,  be  regarded  as  double  of  what  is  rigorously  necessary  for 
combustion,  and  the  proportion  of  carbonic  acid  generated,  therefore,  one  half  of 
what  it  would  be  were  all  the  oxygen  so  combined.  The  increase  of  weight  in  such 
burned  air  of  the  temperature  of  212^,  over  that  of  pure  air  equally  heated,  being  taken 
into  account  in  the  preceding  calculation,  will  give  us  about  19  yards  or  67  feet  per 
second  for  the  velocity  in  a  chimney  100  yards  high  incased  in  steam. 

In  comparing  the  numbers  resulting  from  the  trials  made  on  chimneys  of  different 
materials  and  of  different  forms,  it  has  been  concluded  that  the  obstruction  to  the 
draught  of  air  is  directly  proportional  to  the  length  of  the  chimneys  and  to  the  square 
of  the  velocity,  and  inverselv  to  their  diameter. 

With  an  ordinary  wrought-iron  pipe  of  from  4  inches  to  5  inches  diam^^r,  at- 
tached to  an  ordinary  stove,  burning  good  charcoal,  the  difference  is  prodigious  be- 
tween the  velocity  calculated  by  the  above  theoretical  rule  and  that  obsOTved  by  meana 
of  a  stop  watch,  and  the  ascent  of  a  puff  of  smoke  from  a  little  tow  dipped  in  oil  of 
turpentine  thrust  quickly  into  the  fire.  The  chimney  being  45  feet  high,  the  tem- 
perature of  t^e  atmosphere  68°  Fahr.  the  velocity  per  second  was: 

Ifiosn  Tsmiwra- 
Trlals  By  theory  By  experiment  tnre  of  ohinmey 

1  .        .    26-4  feet    .        .    5  f eet    .        .        .      190'>Fahr, 

2  .        .     29*4    „      .        .    5*76  „   .        .        .      2120  ^ 

3  .        .    34*5    „      .        .    6*3    „   .        .        .      270°  „ 

To  obtain  congruity  between  calculation  and  experiment,  several  drcnmstances 
must  be  introduced  into  our  formulae.  In  the  first  place,  the  theoretical  velocity  must 
be  multiplied  by  a  factor,  which  is  different  according  as  the  chimney  is  made  of 
bricks,  potterv,  sheet  iron,  or  cast  iron.  Tin's  factor  must  be  multiplied  by  the 
square  root  of  the  diameter  of  the  chimney  (supposed  (o  be  ^nnd^  divided  by  ita 
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length,  increased  by  four  times  its  diameter.    Thus,  for  pottery,  its  expression  is 
2-06  ■ ;  D  being  the  diameter,  and  l  the  length  of  the  chimney. 

A  pottety  chimney,  33  feet  highland  7  inches  in  diameter,  vhen  the  excess  of  its  mean 
temperatare  above  that  of  the  atmosphere  was  206^Fahr.,  had  a  pressure  of  hot  air  equal 
to  11-7  feet,  and  a  velocity  of  7'2  feet  per  second.  By  calcolatingfirom  the  last  formula, 
the  same  number  very  nearly  is  obtained.  In  none  of  the  experiments  did  the  velocity 
exceed  12  feet  per  second,  -when  the  difference  of  temperature  -was  more  than  410^  Fahr. 
Every  different  form  of  chimney  wonld  require  a  special  set  of  experiments  to  be 
made  for  determining  the  ^per  factor  to  be  used. 

This  troublesome  operation  may  be  saved  by  the  judicious  application  of  a  delicate 
di^rential  barometer,  such  as  that  invented  by  Dr.  W^llaston ;  though  this  instrument 
does  not  seem  to  have  been  applied  by  its  very  ingenious  author  in  measuring  the 
draughts  or  ventilating  powers  ^furnaces. 

If  into  one  leg  of  this  differential  siphon,  water  be  put,  and  fine  spermaceti  oil  into 
the  other,  we  shall  have  two  liquids,  which  are  to  each  other  in  density  asthe  numbers 
8  and  7.  If  proof  spirit  be  employed  instead  of  water,  we  shall  then  have  the  relation 
of  very  nearly  20  to  19.  In  experiments  made  on  furnace  draughts  with  the  instru- 
ment in  each  of  these  states,  it  is  found  that  the  water  and  oil  siphon  is  sufficiently 
sensible :  for  the  weaker  draughts  of  common  fire-places  the  spirits  and  oil  will  be 
preferable  barometric  fluids. 

To  the  lateral  projecting  tube  of  the  instrument,  as  described  bv  Dr.  Wollaston,  it 
was  found  necessary  to  attach  a  stop-cocfc,  in  order  to  cut  off  the  action  of  the  chimney, 
while  placing  the  siphon,  to  allow  of  its  being  fixed  in  a  proper  state  of  a(\justment, 
vi\th  its  junction-line  of  the  oil  and  water  at  the  zero  of  the  scale.  Since  a  slight  de- 
\nation  of  the  legs  of  the  siphon  from  the  perpendicular  changes  veiv  considerably  the 
line  of  the  level,  this  adjustment  should  be  made  secure  by  fixing  tne  horizontal  pipe 
tightly  into  a  rcmnd  hole,  bored  into  the  chimney  stalk,  or  drilled  through  the  furnace 
door.  On  gently  turning  the  stop-cock,  the  dififerenoe  of  atmospheric  pressure  cor- 
responding to  the  chimnev  draught  will  be  immediately  indicated  by  the  ascent  of  the 
junction-line  of  the  licjuios  in  the  siphon.  This  modification  of  apparatus  permits  the 
experiment  to  be  readily  rectified  by  again  shutting  off  the  draught,  when  tiie  air  will 
slowly  re-enter  the  siphon ;  because  the  projecting  tube  of  the  barometer  is  thrust  into 
the  stop-cock,  but  not  hermetically  joined ;  whereby  its  junction-line  is  allowed  to 
rotom  to  the  zero  of  the  scale  in  the  course  of  a  few  seconds. 

Out  of  many  experiments  made  with  this  instrument,  it  -irill  be  sufficient  to  describe 
a  few,  very  carefully  performed  at  the  breweries  of  Messrs.  Iceman,  Hanbury,  and 
Buxton,  and  of  Sir  H.  Meux,  Bart,  and  at  the  machine  factory  of  Messrs.  Braithwaito 
b^  Dr.  Ure ;  in  the  latter  of  which  he  was  assisted  by  Captain  Ericsson.  In  the  first 
trials  at  the  breweries,  the  end  of  the  stop-cock  attadied  to  the  differential  barometer 
was  lapped  round  with  hemp,  and  made  feist  into  the  circular  peep-hole  of  the  furnace 
door  of  a  wort-copper,  communicating  with  two  upright  parallel  chimneys,  each  18 
inches  square  and  60  feet  high.  The  fire  was  burning  witn  ftilly  its  average  intensity 
at  the  time.  The  a^ustment  of  the  level  being  perfect,  the  stop-cock  orifice  was  opened, 
and  the  junction  level  of  the  oil  and  water  rose  steadily,  and  stood  at  H  inch  corre- 
sponding to  ^|£  «  0*156  of  1  inch  of  water,  or  a  column  of  air  10*7  feet  high.  This  dif- 
ference of  pressure  indicates  a  velocity  of  26  feet  per  second.  In  a  second  set  of  ex- 
periments, the  extremity  of  the  stop-<X)ck,  was  inserted  into  a  hole  bored  through  tho 
chimney  stalk  of  the  boiler  of  a  Boulton  and  Watt  steam-engine  of  twenty-horse 
power.  The  area  of  this  chimney  was  exactly  18  inches  square  at  the  level  of  the 
bored  hole,  and  its  summit  rose  60  feet  above  it.  The  fire-grate  was  about  10  feet 
below  that  level.  On  opening  the  stop-cock  the  junction-line  rose  2^  inches.  This 
experiment  was  verified  by  repetition  upon  different  days,  with  fires  burning  at  their 
average  intensity,  and  consuming  fully  12  lbs.  of  the  best  coals  hourly  for  each  horse's 
power,  or  nearly  one  ton  and  a  third  m  twelve  hours.  If  we  divide  the  number  2^ 
by  8  the  quotient  0*28  will  represent  the  fi»ctional  part  of  1  inch  of  water  supported 
ia  the  siphon  bv  the  unbalanced  pressure  of  the  atmosphere  in  the  said  chimney ; 
which  corresponds  to  lOj-  feet  of  air,  and  indicates  a  velocity  in  the  chimney  current 
of  35  feet  per  second.  The  consumption  of  fuel  was  much  more  considerable  in  the 
immense  grate  under  the  wort-copper  than  it  was  under  the  steam-engine  boiler. 

In  the  experiments  at  Messrs.  Braithwaite's  factory j  the  maximum  displacement  of 
the  junction-line  was  1  inch,  when  the  differential  oil  and  water  barometer  was  placed 
in  direct  communication  with  a  chimney  15  inches  square,  belonging  to  a  steam  boiler, 
and  when  the  fire  was  made  to  bum  so  fiercely,  that,  on  opening  t£e  safebr-vahre  of 
tho  boiler,  the  excess  of  steam  beyond  the  consumption  of  the  engine  rushed  out  wiUi 
such  violence  as  to  fill  the  whole  premises.  The  pressure  of  one-eighth  of  an  inch  of 
water  denotes  a  velocity  of  draught  of  23*4  feet  per  seoond. 
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In  building  chinmeyB,  -we  should  be  careM  to  make  tbdr  area  rather  too  large 
than  too  small ;  because  we  can  readily  reduce  it  to  any  desired  size  by  means  of  a 
sliding  register  plate  near  its  bottom,  or  a  damper  plate  applied  to  its  top,  adjustable 
by  "wires  or  chains  passing  over  pulleys.  Wide  chimneyB  are  not  so  liable  as  narrow 
ones  to  have  their  draught  a£fected  by  strong  winds.  In  a  &ctozy,  many  ftimace  flues 
are  often  conducted  into  one  Tertical  chimney  stalk,  with  great  economy  in  the  first 
erection,  and  increased  power  of  draught  in  the  seyeral  fires. 

Vast  improrements  have  been  made  in  this  countiy  of  late  years  in  building  stalks 
for  steam  boilers  and  chemical  fUmaces.  Instead  of  constructing  an  expensive,  lofty 
scaffolding  of  timber  round  the  chimney,  for  the  bricklayers  to  stand  upon,  and  to 
place  their  materials,  pgeon-holes,  or  recesses,  are  left  at  regular  intervals,  a  few  feet 
apart,  within  the  chimney,  for  deceiving  the  ends  of  stout  wooden  bars,  which  are 
laid  across,  so  as  to  form  a  species  of  temporary  ladder  in  the  interior  of  the  tunneL 
By  means  of  these  bars,  with  the  aid  of  ropes  and  pulleys,  everything  may  be  pro- 
gressively hoisted  for  the  building  of  the  highest  engine  or  other  stalks.  An  expert 
bricklayer,  with  a  handy  labourer,  can  in  this  waj  raise,  in  a  few  weeks,  a  considerable 
chimney,  40  feet  high,  6  feet  8  inches  square  outside,  2  feet  8  inehas  inside  at  the  base, 
28  inches  outside,  and  20  inches  inside  at  the  top.  To  fiMulitate  the  erection,  and  at 
the  same  time  increase  the  solidity  of  an  insulated  stalk  of  this  kind,  it  is  built  with 
three  or  more  successive  plinths,  or  recedures,  as  shown  in^.  466.  It  is  necessary  to 
make  such  chimneys  thicx  and  substantial  near  the  base,  in  order  that  they  may  sus- 
tain the  first  violence  of  the  fire,  and  prevent  the  sudden  dissipation  of  the  heat 
When  many  fines  are  conducted  into  one  chimney  stalk,  the  area  oi  the  latter  should 
be  nearly  equal  to  the  sum  of  the  areas  of  the  former,  or  at  least  of  as  many  of  them 
as  shall  be  going  simultaneously.  When  the  products  of  combustion  from  any 
furnace  must  be  conducted  downwards,  in  order  to  enter  near  the  bottom  of  the  main 
stalk,  they  will  not  fiow  off  until  the  lowest  part  of  the  channel  be  heated  by  burning 
some  wood  shavings  or  straw  in  it,  whereby  the  air  si^^on  is  set  agoing.  Immedi- 
ately after  kindling  this  transient  fire  at  that  spot,  the  orifice  must  be  shut  by  which 
it  was  introduced ;  otherwise  the  draught  of  the  fiimace  would  be  seriously  impeded. 
But  this  precaution  is  seldom  necessary  in  great  fustories,  where  a  certain  degree  of 
heat  is  always  maintained  in  the  flues,  or,  at  least,  should  be  preserved,  by  shutting 
the  damper  plate  of  each  separate  flue  whenever  its  own  fhmaoe  ceases  to  act.  Such 
chimneys  are  finished  at  top  with  a  coping  of  stone-slabs,  to  secure  their  brick-work 
against  the  infiltration  of  rains,  and  they  should  be  ftimished  with  metallic  conducting 
rods,  to  protect  them  from  explosions  of  lightning. 

When  small  domestic  stoves  are  used,  with  very  slow  combustion,  as  has  been 
proposed  upon  the  score  of  a  midudged  economy,  there  is  great  danger  of  the 
inmates  being  suffocated  or  asphyxied,  by  the  re^gitation  of  the  noxious  burned  air. 
The  smoke  doctors  who  recommend  such  a  vicious  i^an,  f^m  their  ignorance  of 
chemical  science,  are  not  aware  that  the  carbonic  add  gas  of  coke  or  coal  must  be 
heated  260^  F.  above  the  atmospheric  air  to  acquire  the  same  low  specific  cravity 
with  it.  In  other  words,  unless  so  rarefied  by  heat,  that  gaseous  poison  will  deeoend 
throuj^  the  orifice  of  the  ash-pit,  and  be  replaced  by  the  lighter  air  of  the  apartment 
Drs.  Priestley  and  Dalton  have  long  ago  shown  the  co-existence  of  these  twofold 
crossing  currents  of  air,  even  through  the  substance  of  stoneware  tubes.  True 
economy  of  heat  and  salubrity  alike  reauire  vivid  combustion  of  the  fuel,  with  a 
somewhat  brisk  draught  inside  of  the  chimney,  and  a  corresponding  abstraction  ctf 
air  fiom  the  apartment  Wholesome  continuous  ventilation,  under  the  ordinary 
circumstances  <»  dwelling-houses,  cannot  be  secured  in  any  other  wa^. 

The  figures  upon  the  following  page  represent  one  of  the  two  chimneys  erected  at 
the  Camden  Town  station,  for  the  London  and  North-Westem  Bailway  Company.  The 
chimneys  were  designed  by  Eobert  Stephenson,  Esq.,  engineer  to  the  company, 
and  executed  by  William  Cubitt»  Esq.,  of  Ora/s  Inn  Boftd.    In  the  section.  >^.  466, 

▲  represents  a  bed  of  concrete^  6  feet  thick  and  24  feet  square. 

B,  bride  footings  set  in  cement ;  the  lower  course  19  feet  square. 

c,  Bramley-fall  stone  base,  with  a  chain  of  wrought  iron  let  into  it 

D,  a  portion,  16  feet  high,  curved  to  a  radius  of  118  feet,  buUt  entizely  of  Malm 
paviours  (a  peculiarly  good  Idnd  of  bricks). 

B,  shaft  built  of  Mafm  paviours  in  mortar. 

F,  ditto,  built  £rom  the  inside,  without  exterior  scaffolding. 

o,  the  cap,  ornamented  (as  shown  in  the  plan  alongside)  with  Portland  stone,  the 
dressings  bein^  tied  together  with  copper  cramps  and  an  iron  bond. 

K,  the  lightning  conducting  rod. 

Fig,  466,  represents  the  mouldings  of  the  top,  upon  an  enlarged  scale. 

Fig,  467f  a  plan  of  the  foundation,  upon  an  enlarged  scale. 

F^,  468,  ditto,  at  the  level  of  the  entrance  of  the  flue  as  seen  in 
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Fig.  459,  the  eleration  of  the  ehimnejr. 

Fig,  460,  plan  at  the  ground  lerel  i,  mfigs,  455  and  450. 

Some  modified  arrangements  in  the  mode  of  oonstmctinff  the  chimn^  and  fire-phice 
have  been  devised  by  Oolonel  Douglas  Galton.  These  -wiU  be  found  fully  described  in 
the  Report  of  the  Committee  *  On  Waste  of  Coal  in  Combustion,'  in  the  Beport  of  the 
Bogral  Coal  Commission. 

466  459  ... 


>.nmixut       ■ 

_rA  C&AT.  A  fine  white  clay  produced  bv  the  deoompodtion  of  the  felspalf 
of  the  granite  rocks.  It  is  found  and  prepared,  in  this  oountxy,  in  Corovall  and 
Beronshire.    See  Clat. 
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A  fibre  obtained  from  the  stalk  of  the  Bcehfiteria  (  Urtiea)  niveau 
a  plant  belonging  to  the  Urtioaceie,  or  Nettle  order. 

OMTMJL  nrx.  {Encre  de  Chine,  Ft,  ;  Chinesigchgr  Tuach,  Ger.)  It  is  said  that 
the  true  China  ink  is  made  firom  the  condensed  smoke  or  soot  of  burned  camphor; 
and  hence,  when  of  the  beet  qnality,  it  has  this  odour. 

Most  of  the  China  ink  is  maae  £rom  oil  lampblack,  disguised  as  to  smell  with 
musk,  or  with  a  little  camphor-black.  The  binding  substance  is  gelatine,  commonly 
made  from  parchment ;  but  isinglass  answers  equally  welL  A  good  imitation  may 
be  made  by  dissolying  isinglass  in  warm  water,  with  the  addition  of  a  very  little 
alkali  to  destroy  the  gelatinising  power,  and  incorporating  with  that  solution,  by 
.  leyigation  on  a  porphyry  slab,  as  much  of  the  finest  lampblack  as  to  produce  a  mass  of 
the  proper  consistence.  The  minute  quantity  of  alkali  serves  also  to  saponify  the  oil 
which  usually  adheres  to  lampblack,  and  thereby  to  make  a  pigment  miscible  wiUi  water. 

CBnrA  BTOWa.  This  is  usually  regarded  as  a  semi-decomposed  granite 
{Petuntse)  which  has  nearly  the  same  compoation  as  the  China  clay  (see  Ciat). 
*  Indeed,  the  China  day  can  be  considered  as  little  more  than  this  granite  in  a  more 
advanced  state  of  decomposition/ — De  la  Beche,  It  is  evident  that  we  have  adopted 
the  word  Pe-tun'tse  somewhat  hastily  as  indicating  this  peculiar  granite.  The  fol- 
lowing note  by  M.  A.  Salv^tat  will  explain  its  true  meaning : — 

*  Nous  ferons  observer  une  fois  pour  tout  que  Texpression  Pie'ttm^tse  d^gne  les 
tablettes  ou  carreauz  de  mati^  blanche  dont  on  va  parler,  et  que  la  pAte  blanche 
s'appelle  Pe-iun.  Le  mot  Tbe  (vQlgoJiis)  qui  termine  le  mot  Pe-tun-tse,  sert  4  former 
des  substantifs  diminutifs.  Ainsi  Pe-tun  signifie  la  mati^  blanche  ot  Tse  %jout6  a 
Pe-tun  indique  des  portions,  des  carreaux  de  pAte,  des  briquettes  de  Pe-tun,  Ilya 
des  carreaux  de  pAte  de  difi&rentee  oouleurs :  pour  les  distinguer,  on  fait  pr^oider  le 
mot  Tun-tee  du  nom  de  la  couleur.  On  dit,  par  exemple,  Hoang'itm-tse,  des  carreaux 
de  jAte  jaune.' — HUtoire  et  Fabnoation  de  la  Parcelame  ekinoiee,  Paris,  1866. 

The  China  stone  is  a  kind  of  granite,  the  felspar  of  which  is  in  a  peculiar  state,  as 
if  it  had  undergone  a  partial  decomposition.  It  is  caref^y  selected  so  as  to  be  en- 
tirely fi^ee  of  sdiorl,  and  requires  no  other  preparation  for  the  market  than  to  be  broken 
into  a  size  convenient  for  carriage.  This  granite  is  of  a  peculiar  nature ;  it  does  not 
contain  any  mica,  but  numerous  glossy  s^es  of  greenish-yellow  talc  It  has  been 
stated  by  some  authors  that '  this  rock  (PeoTHaiite  or  Qraphio  granite),  after  exposure 
to  the  decomposing  action  of  the  weather,  is  the  chief  source '  of  the  ChinA  stone  and 
day.  Hiis  represents  but  very  imperfectly— indeed,  incorrectly — the  conditions. 
The  decomposition  of  the  granite,  if  it  be  deoompoeition,  is  not  brought  about  bv  the 
action  of  the  weather,  but  by  some  peculiar  action  proceeding  to  a  considerable  depth 
through  the  whole  mass.  In  many  places,  from  the  very  sumoe  to  the  depth  of  more 
than  100  feet,  this  condition  is  equally  apparent;  and  possibly  it  extends  to^  much 
greater  depths  in  some  places.  The  same  stone  exposed  to  the  air  does  not,  in  any 
ordinary  time,  exhibit  any  signs  of  disintegration.  No  satisfiictory  explanation  has 
yet  been  offered  of  the  conditions  which  operate  on  the  nanite  to  produce  the  Kaolin 
and  the  China  stone.  Indeed,  in  the  minds  of  many,  imo  have  carefully  observed  all 
the  conditions  of  the  China  day  and  of  the  China  stone  in  eitu,  there  has  originated 
the  idea,  that  they  rather  represent  the  conditions  of  an  imperfectly-formed  granite, 
than  of  such  as  has  suffered  decomposition.  China  stone  is  much  used  in  the  manu- 
facture of  the  finest  varieties  of  porcelain,  and  espedally  for  the  production  of  the 
most  perfect  glazes. 

There  was  an  agreement  existing  amonffst  the  producers  of  China  stone  to  send  off 
annually  only  12,000  tons ;  but  when  the  demand  is  brisk,  this  has  been  extended  to 
18,000  tons,  and  sometimes  even  more.  The  value  of  the  China  stone  at  the  works 
in  Cornwall  is  annually  about  1,800^.  The  whole  that  is  raised  is  sent  to  the  Stafibrd- 
shire  potteries. 

CKnnBSa  B&VB*  Several  compositions  are  sold  under  this  name ;  it  is  some- 
times a  mixture  of  ultramarine  with  flake  white,  and  sometimes  a  mixture  of  cobalt 
blue  and  white  lead.    See  Blub  Pigments. 

OBJOraSB  QMABB  CXiOTB,  or  Ramee.    A  fabric  woven  from  China  grass. 

ominmBM  TAJLIiCW,  a  white  vegetable  tallow  covering  the  seeds  of  the 
StiUingia  eebifera.    It  is  used  in  making  candles. 

CBnraUia  1VAZ«  a  white  waxy  secretion,  resembling  spermaceti,  found  on 
the  branches  of  a  spedes  of  ash  (^Fraxinue  Chinensi8\  grown  m  China,  and  probably 
produced  by  the  puncture  of  an  insect  {Coccus  Pe-la),  The  wax  is  chiefly  a  cerotate 
of  ceryl.    It  is  used  in  China  for  making  candles. 

OBZVOZBZVa,  A  brownish  resin-uke  substance  obtained  from  the  mother-liquor 
left  in  the  preparation  of  ouinine. 

CBZiroZinrB.  C"H'N  (C»H»W).— A  volatile  base,  found  in  coal  naphtha,  and 
also,  accompanied  by  several  others,  in  the  basic  fluid  obtained  by  distilling  dnehonine 
withpotash.— C.  G.W. 
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B&tTBf  CyanvM  or  Lepidime  Blue.  A  cr^talline  compound,  pre- 
pared by  heating  chinoline  oil,  which  consiBto  chiefly  of  lepicune,  -with  iodide  of  amyl, 
and  treating  the  product  -with  caustic  soda.  A  black  resinous  precipitate  is  thus 
obtained,  which  dissolves  in  alcohol  with  production  of  a  fine  blue  colour. 

OSZMTZ.  (Z»to,  Qer.)  Probably  deriTed  from  the  East,  the  Hindoo  name 
eheent,  and  the  Persian  chmtf,  simplifying  sotted  or  stained.  The  tenn  is  applied  in 
this  country  to  a  fast-printed  c^co,  in  which  several  colours  are  imprinted  upon  a 
white  or  coloured  ground,  and  usuaUy  glased. 

CBZ08  or  CBZAV  TintFawnn.  The  Pistaoia  iereUiUhus,  growing  in 
Syria  and  the  Greek  Archipelago,  yields  this  turpentine.  The  turpentine  harvest  of 
Scio,  according  to  Toumefort,  is  made  firom  the  end  of  July  to  October,  by  cutting 
crossways  with  a  hatchet  the  trunks  of  the  largest  trees.  Tlie  turpentine  runs  down 
on  flat  stones  placed  under  the  trees,  where  it  l^rdens*  The  quantily  produced  firom 
each  tree  does  not  exceed  ei^t  or  ten  ounces.  Its  consistency  is  that  of  honey;  its 
colour  greenish-yellow,  with  an  agreeable  turpentine  odour.  It  is  often  called 
Cyprus  turpentine,  but  is  seldom  seen  pure  in  this  country,  other  coniferous  turpen- 
tines being  sold  for  it. 

onORA&.  O^HOIK)'  (0^01*0).  T^iis  compound,  discovered  by  Liebig  in 
1832,  is  prepared  b;^  the  long-continued  action  of  chlorine  on  ethyl-aloohoL  A  current 
of  di^  cMonne  gas  is  passed  slowly  but  continuously  throu^  absolute  alcohol,  and 
the  flnal  product  is  a  yellow  liquid  rich  in  chloraL  BotJi  the  gas  and  the  alcohol 
should  be  free  from  moisture,  as  otherwise  the  proportion  of  chloral  is  diminished, 
whilst  that  of  aldehyde  and  acetic  acid  is  increased;  the  reaction,  towards  the  close, 
should  be  assisted  by  heat  It  appears  that  an  alcoholate  of  chloral  is  first  fbrmed  by 
the  action  of  chlorine  on  alcohol ;  but  on  affitating  the  product  with  about  three  times 
its  volume  of  strong  sulphuric  add,  and  warming  the  mixture,  the  free  chloral 
separates  as  an  oily  liquid  floating  on  the  add.  To  purify  this  crude  chloral  it  should 
be  distilled  first  firom  oil  of  vitriol  and  then  from  quicklime,  to  remove  hydrochloric 
add.  The  production  of  chloral  admits  of  bdng  approximately  represented  by  the 
following  equation,  but  it  should  be  remembered  that  the  reaction  is  really  more 
complicated,  and  that  other  products  accompany  the  chloral  :^ 

C*H»0«      +      Cl»      «       OHC1«0«      +      6HC1 


AloohoU  Chlorine.  GhlonL  Hydioohknto  aoid. 

0*a*0        -I-       Ol"*       -       0*B01*0        +      6  SOL 

Chloral  may  also  be  obtained  bv  other  processes,  such  as  the  distillation  of  starch 
with  hydrochloric  add  and  peroxide  of  manganese. 

Pure  chloral  is  a  thin,  oily,  colourless,  volatile  liquid,  almost  tasteless,  but  with  a 
peculiar  pungent  odour.  It  is  soluble  in  water,  alcohol,  ether,  and  bensole.  Its 
spedfic  gravi^  is  1*502,  and  its  boiling  point  about  200^  F.  (94^  C).  Chloral  may 
bo  regaraed  as  acetic  aldehyde,  0*H^0^  (C*B^O),  in  which  three  atoms  of  hydrogen 
are  replaced  by  three  of  chlorine. 

When  chloral  is  long  preserved  in  a  hermetically-cloBed  vessel  it  sufifers  a  curious 
change,  becominff  converted  into  a  solid  white  amorphous  substance,  cdled  msohMe 
chloral  or  metaehloral. 

Chloral  combines  readily  with  water,  forming  a  definite  hydrate  containing 
C«HC1*0*.2H0  (oni01*OJro).  TMs  is  a  white,  solid  crystaUine  substance, 
slightly  volatile  on  exposure  to  the  air,  and  incapalde  of  bdng  distilled  without 
decompodtion.  An  aqueous  solution  of  hydrate  of  chloral,  treated  with  caustic 
alkali,  is  resolved  into  chloroform  and  an  alkaline  formiate.  When  hydrate  of 
chloral  is  injected  under  the  skin  it  underfloee  a  similar  decompodtion,  reacting  with 
the  alkali  naturally  present  in  the  blood,  and  generating  chloroform.  The  phydological 
action  of  the  chloroform  thus  liberated  witmn  the  system  has  been  studied  by  Dr. 
liebreich,  of  Berlin,  and  by  Dr.  W.  B.  Richardson.  In  July  1869,  Liebrdch  took  out 
a  patent  for  the  use  of  chloral,  hydrate  of  chloral,  and  trichloracetic  add  for  ansesthetic 
purposes.  Since  that  time,  the  hydrate  of  chloral  has  been  very  largely  employed 
as  a  powerfiil  narcotic.  According  to  Dr.  Bichardson,  a  dose  of  90  grains  taken 
internally  will  produce  deep  sleep,  whilst  140  grains  throw  the  patient  into  a  sleep 
which  is  really  dangerous.  But  the  hydrate,  like  other  narcotics,  requires  to  be  used 
with  great  caution.  It  unfortunately  happens  that  persons  who  have  been  accustomed 
to  take  moderate  doses  to  relieve  pain  and  induce  sleep,  frequenUy  acquire  a  tendency 
to  use  it  habitually.  This  habit  cannot  be  too  stronsly  denounced ;  for,  like  opum- 
eating,  it  not  only  affects  the  phydcal  organisation— ^leading  eventually  to  confirmed 
disease — but  it  exercises  a  most  banefiil  iEdfluence  on  the  niental  and  monl  constitution 
of  tiie  unhappy  individual 
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[For  the  physiological  action  of  chloral  and  its  hydrate,  see  Dr.  Biehardion's 
Beports  presented  to  the  British  Association  in  1869, 1870  and  1871].— -F.  W.  B. 

CBXiO&AIiUM.  Under  this  name  a  sdation  of  chloride  of  almnimom  has  been 
introduced  as  an  antiseptie  and  disinfectant.  It  is  prej^ared  in  tJie  form  of  a  liquid  of 
definite  strength,  and  as  a  powder.  CJotton-wool  containing  a  certain  per-centage  of 
chloralum  is  made  for  the  use  of  the  surgeon. 


CK&ORAVXUOni.  0*<H«C1N  (C«B*CUr).  An  organic  base  obtained  hj 
distilling  chlorisatin  with  a  concentrated  solution  of  caustic  potash*  It  forms  witn 
acids  a  series  of  definite  well-ciyBtallised  salts. 

CK&OBATS  07  VOTASB,  or  CNB&OBATB  01>  POTASSZVIKp  formerly 
called  oxymuriate  of  potash.  E0.C10*(XClO*). — ^This  important  salt  has  become 
the  object  of  a  pretty  extensiye  manufacture,  in  consequence  of  its  use  in  the  prepara- 
tion of  ludfer  matches,  as  a  constituent  of  white  gunpowder  and  certain  mixtures 
used  in  pyrotechny,  and  as  an  ingredient  in  some  of  the  detonating  compounds  for  the 
cartridges  of  needle-guns ;  the  chlorate  is  also  used  iu  calico-printing  and  in  the 
preparation  of  certain  aniline  colours,  while  the  chemist  frequently  employs  it  as  a 
conyenient  oxidising  agent  and  as  a  source  of  free  oxygen  gas.  To  supply  tJiese 
demands,  about  760  tons  of  the  8alt»  valued  at  nearly  80,000/,  axe  annually  produced 
in  this  country. 

Chlorate  of  potash  was  formerly  prepared  by  transmitting  an  excess  of  chlorine  gas 
through  a  solution  of  potash,  whereby  a  mixture  of  chlorate  of  potash  and  chloride  of 
potassium  was  obtained,  the  former  salt  being  readily  separated  from  the  latter  by  its 
sparing  solubility  in  water. 

Haying  made  a  strong  solution  of  purified  potash,  or  carbonate  of  ^tash,  with  from 
2  to  3  parts  of  water,  a  current  of  chlorine  gas  is  passed  through  it  in  a  Woulfe's 
apparatus,  till  it  ceases  to  absorb  any  more.  '  Chloride  of  potash '  and  chloride  of 
potassium  alone  are  formed  as  long  as  there  is  an  excess  of  alkali  in  the  solution ;  but 
afterwards  in  the  further  reaction  of  the  materials,  the  chloride  passes  into  the  state 
of  a  chlorate,  and,  as  such,  precipitateB  from  the  solution.  Durins  the  first  half  of 
the  operation  (that  is,  till  tne  potash  is  about  one  half  saturatea  with  chlorine,  as 
indicated  by  litmus-paper  ceasing  to  be  darkened  and  be^nning  to  be  blanched),  only 
the  chloride  of  potassium  or  muriate  of  potash  falls.  The  process  should  be  inter- 
rupted at  this  point  in  order  to  remove  the  salt,  to  wash  it,  to  add  the  washings  to 
the  liquor,  and  then  to  transmit  thejias  freely  through  the  solution.  As  the  opention 
advances,  less  muriate  of  potash  is  formed,  and  at  length  nothing  but  the  pure 
chlorate  is  separated  in  crystals.  When,  finally,  the  bubbles  of  gas  pass  tlirou^ 
without  being  sensibly  absorbed,  the  process  is  known  to  be  completed ;  the  liquid 
may  then  be  allowed  to  settle,  and  be  poured  off  from  the  ciystals  of  chlorate  of 
potash,  which  are  purified  from  the  muriate  by  dissolving  them  in  three  times  their 
weight  of  boiling  water  and  filtering  the  solution  while  hot  On  its  cooling,  the 
chlorate  will  separate  in  pearly-crystalline  plates.  It  may  be  rendered  quite  pure 
hj  a  second  oystallisation,  in  which  state  it  does  not  a&ct  solution  of  nitrate  of 
silver. 

The  above  potash-ley  usually  gets  a  reddish  tint  in  the  course  of  the  process,  in  eon- 
sequence  of  a  little  manganesio  acid  coming  over  with  the  chlorine,  but  it  gradually 
loees  this  coloar  as  tJie  saturation  becomes  complete,  and  then  the  solution  tarns  yellow. 
The  tubes  for  conveying  the  gas  should  be  of  large  diameter,  if  they  be  plunged  into 
the  saline  solution,  because  the  crystallisation  wmch  takes  place  in  it  is  apt  to  choke 
them  up.  This  inconvenience  may,  however,  be  obviated  by  attaching  to  the  end  of 
the  glass  tube  a  tube  of  caoutchouc  terminated  in  a  small  glass  funnel,  or  simply  the 
neck  of  a  caoutchouc  bottle  with  a  ^art  of  its  body,  whose  width  will  not  be  readily 
closed  with  a  saline  crust.  The  residuary  lixivium  may  be  used  in  another  operation, 
or  it  may  be  evaporated  down  to  half  its  bulk  and  set  aside  to  crystallise,  whereby 
some  more  chlorate  will  be  obtained,  mixed  indeed  with  muriate  and  carbonate,  from 
which,  however,  it  may  be  separated  by  a  second  crystallisation.  In  general  the  pore 
chlorate  obtained  does  not  exiseed  ^th  the  weight  of  the  potash  employed ;  because  in 
thus  treating  potash  with  chlorine,  fths  of  it  are  converted  into  muriate  of  potash  and 
only  ^th  into  chlorate,  and  a  part  of  the  latter  adheres  to  the  muriate,  or  is  lost  in 
the  mother-waters  of  the  crystallisation. 

In  1821  St.  Bomer  patented  at  Vienna  the  following  method  for  preparing  chlorata 
of  potash  by  the  dry  wa^ : — ^Ten  pounds  of  crystallised  peroxide  cd  manganese  are 
to  be  finely  pulverised,  mixed  with  10  pounds  of  plumbago,  and  30  pounds  dT  common 
salt,  and  put  into  the  leaden  retort  represented  iajio,  460,  p.  783.  From  the  middle 
of  the  helmet-shaped  lid  of  this  vessel,  a  lead  tube,  2  feet  long  and  2  inches  wide, 
conducts  to  the  receiver,  which  is  a  square  earthen,  pan,  hard  glazed  both  within  and 
without,  of  the  same  capacity  with  tne  retort.  The  end  of  the  tube  must  be  made 
&8t  to  a  frame  at  the  height  of  6  inches  above  the  bottom  of  the  receiver.    Upoo  its 
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inner  side^  4  inches  apQrt»  brackets  are  to  be  fixed  for  sapporting  a  series  of  laths  or 
shelTee  of  white  wood  on  which  a  number  of  Ultle  paper  or  pasteboard  boxes  are  to 
be  laid.  In  these  boxes  10  pounds  of  the  purest  carbonate  of  potash,  prepared  from 
tartar,  are  to  be  spread.  The  receiver  must  now  be  covered  with  a  lid  made  tight  by 
a  water  lute.  Twentj  pounds  of  concentrated  sulphuric  acid,  previously  diluted  with 
16  pounds  of  water,  and  then  cooled,  are  to  be  poured  upon  the  mixed  materials  in 
the  retort,  and  the  lid  immediately  secured,  with  tne  tube  adjusted  in  the  receiver.  The 
whole  must  be  allowed  to  operate  spontaneously  without  heat  for  12  hours.  At  the 
end  of  this  time  the  retort  is  to  be  surrounded  with  a  water-bath  and  steadily  heated 
durinff  12  hours,  and  then  left  to  cool  for  6  hours.  The  apparatus  must  now  be 
opened,  the  cakes  of  chlorate  of  potash  removed,  and  freed  from  muriate  by  solution 
and  crystallisation. 

Liebig  pro|K)sed  the  following  process  for  obtuning  chlorate  of  potash : — 

Heat  chloride  of  lime  in  water  till  it  ceases  to  destroy  vegetable  colours.  In  this 
case  a  mixture  of  chloride  of  c^dum  and  chlorate  of  potash  is  obtained.  This  is  to 
be  dissolved  in  hot  water,  ,and  to  the  solution  concentrated  by  evaporation,  chloride 
of  potassium  is  to  be  added,  and  then  sdSsted  to  cooL  After  cooling,  a  quantity  of 
crystals  of  chlorate  of  potash  is  obtained,  which  are  to  be  redissolved  and  crystallised 
again  to  purify  them.  Liebig  considered  that  this  would  be  a  cheap  process  for 
obtaining  chlorate  of  potash,  f^m  12  oz.  of  chloride  of  lime,  of  so  bad  a  quality 
that  is  left  65  per  cent,  of  insoluble  matter,  he  obtained  an  ounce  of  chlorate  of  jpotash. 

The  only  difficulty  to  overcome  in  this  process  arises  from  the  chloride  of  bme  not 
being  so  easily  decomposed  by  heat  as  is  gener^y  supposed ;  a  solution  of  it  may  be 
kept  boiling  for  an  hour  without  losing  its  bleaching  power.  The  best  method  is  to 
form  a  thin  paste  with  chloride  of  lime  and  water,  and  then  to  evaporate  it  to  dryness. 
If  it  be  required  to  prepare  it  by  passing  chlorine  into  cream  of  lime,  it  is  advantage- 
ous to  keep  it  very  hot.  The  chlorate  of  potash  which  separates  from  the  solution 
by  cystallisation  has  not  the  form  of  scales  which  it  usually  possesses,  but  is 
prismatic :  whether  this  is  occasioned  by  some  admixture  has  not  been  ascertained ; 
but  on  recrystallising,  it  is  obtained  in  the  usual  form.  The  solution  ought  not 
merely  to  be  left  to  cool,  in  order  to  procure  crystals,  for  the  crystallisation  is  far 
from  being  terminated  even  after  complete  cooling ;  crystals  continue  to  be  deposited 
for  8  or  4  days. 

The  following  modification  of  the  process  for  making  chlorate  of  potash  is  that 
of  M.  V6e :— A  solution  of  chloride  of  lime  marking  18^  or  20^  Baum6  is  to  be  set  * 
upon  the  fire  in  a  lead  or  cast-iron  pot,  and  when  it  begins  to  get  hot,  there  is  to  be 
dissolved  in  it  a  quantity  g£  chloride  of  potassium  sufficient  to  raise  the  hydrometer 
3^  or  4^  It  must  then  be  concentrated  as  quickly  as  possible  till  it  marks  30^  or  31^, 
taking  care  that  it  does  not  boil  over  by  the  sudden  extrication  of  oxygen.  The 
concentrated  liquor  is  set  aside  to  crystallise  in  a  cool  place,  when  a  deposit  of 
chlorate  of  potash  forms,  mixed  with  chloride  of  potassium.  The  mother-waters 
being  evaporated  to  the  density  of  36°,  affiml  another  crop  of  crystals,  after  which 
the^  may  be  thrown  awa^.  The  salts  obtained  at  the  first  crystallisation  are  to  be 
redissolved,  and  the  solution  being  brought  to  16^  or  16^  is  to  be  filtered,  when  it 
will  affiird  upon  cooling  pore  chlorate  of  potash. 

The  following  ingemous  and  easy  way  of  making  this  valuable  chlorate  was  sug- 
gested by  the  late  Professor  Graham : — Mix  equal  atomic  weights  of  carbonate  of 
potash  and  hydrate  of  lime  (70  of  the  former,  if  pure,  and  37  of  slaked  lime  in 
powder),  diffhse  them  through  cold  water,  and  transmit  chlorine  gas  through  the 
mixture.  The  gas  is  abs(nbed  wit^  great  avidity,  and  the  producaon  of  a  boiling 
heat.  When  the  saturation  is  complete,  carbonate  of  lime  remains,  and  a  mixture  of 
muriate  and  chlorate  of  potash,  which  latter  salts  are  to  be  separated,  as  usual,  by 
the  difierence  of  their  solubity  in  water. 

It  has  been  remarked  on  the  above  process,  that  it  effects  no  saving  of  potassa,  and 
therefore  is  &r  inferior  to  the  one  long  practised  in  several  parts  of  Gkormany,  en)e- 
cially  at  Qiessen,  and  lAtroduoed  into  this  country  a  good  many  years  ago  l^  I>r. 
Waffenmann,  from  Berlin.  The  chlorine  is  passed  into  a  mixture  of  one  equivalent 
of  chloride  of  potassium  (76),  and  6  equivalents  of  hydrate  of  lime  (222),  previously 
sUrred  with  water  to  the  consistence  of  a  thin  paste.  Thus  the  calcium  of  the  lime 
unites  with  the  chlorine  to  form  chloride  of  calcium,  while  the  chloride  of  potassium  is 
converted  into  chlorate  of  potash,  which  salt  is  easily  separated  in  crystals  by  its 
sparing  solubility. 

Chlorate  of  potash  may  also  be  made  by  saturating  with  chlorine  a  mixture  of 
74  parts  of  chloride  of  potassium  (muriate  of  potash)  and  168  parts  of  quicklime, 
brought  to  the  consistency  of  a  thin  pap  by  the  cautious  addition  of  water.  The  mass 
being  dissolyed  in  warm  water,  and  evaporated  and  cooled,  yields  crystals  of  chlorate 
of  potash,  while  a  mother-water  of  chloride  of  calcium  (muriate  of  lime)  remains. 
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Tho  following  process  has  likewise  been  prescribed :— Hix  10  parte  of  good  eUorid^ 
of  lime  and  water  into  a  pap,  and  evaporate  to  dryness,  whereby  it  is  oomrerted  into  » 
inixture  of  chloride  of  calcium  and  chlorate  of  lime  devoid  of  bleaching  power ;  dissolve 
it  in  water,  filter,  concentrate  the  solution  by  evaporation,  then  add  to  it  1  part  of 
chloride  of  potosssum,  and  cool  for  crystallisation.  The  salt  which  may  thereby  be 
separated  fix>m  the  chloride  of  calcium  will  affiml  0'83  of  pure  chlorate  of  potash* 
By  this  process  of  Professor  Liebig  |ths  of  the  potash  are  saved,  but  much  oxygen  is 
wasted  in  the  evaporation  to  dryness  of  the  cloride  of  lime ;  and  consequently,  much 
chloric  add  is  lost  towards  Uie  production  of  the  salt  Vee  mixes  the  chloride  of  lime 
pap,  before  heating  it,  wi^  the  chloride  of  potassium,  boils  the  mixture  smartly, 
whereby  much  oxygen  is  undoubtedly  thrown  ofl^  and  then  sets  the  liquor  add  to 
crystallise.  L.  Gmelin  suggests  that  saturation  of  the  liquor  with  chlorine  before 
boiling  might  be  advantageous.  Gay-Lussac  proposed  to  inake  this  valuable  salt  by 
precipitating  a  solution  of  chloride  of  lime  with  carbonate  (or  sulphate)  of  potash, 
saturating  Uie  liquor  after  filtration  with  chlorine  gas,  evaporating,  and  crystallising. 

Mr.  Calvert  formed  a  mixture  of  54  equivalents  of  burnt  lime  for  1  equivalent  oi 
caustic  potash,  and  passed  a  current  of  chlorine  through  tJie  hot  mixture.  Under 
these  conditions  chloride  of  caldum  and  chlorate  of  potassium  are  produced,  and  the 
quantity  of  the  latter  is  stated  to  be  very  nearly  the  tneoretical  amount. 

Professor  Inch's  process  is  to  pass  chlorine  gas  into  a  mixture  of  1  pound  caustie 
lime  and  1  pound  carbonate  of  potash,  with  8  pounds  of  water.  The  resulting  chlorate 
of  potash  readily  separates  in  the  filtered  liquid  by  crystallisation  from  the  rery  soluble 
chloride  of  caldum.  By  this  method  potash  is  not  wasted  in  the  useless  production  of 
chloride  of  potassiunu 

The  following  process  is  now  generally  adopted  for  preparing  chlorate  of  potash  on 
a  large  scale : — ^An  excess  of  chlorine  ma  is  passed  into  a  verael  containing  milk  of 
lime  at  a  temperature  of  120^  to  140^  F.,  the  liquid  being  kept  agitated  by  an  iron 
stirred  coated  with  lead.  The  reaction  between  the  chlorine  and  the  lime  under  these 
drcumstances  results  in  the  production  of  chlorate  of  lime  and  chloride  of  caldum, 
with  a  small  quantity  of  hypochlorite  of  lime ;  thus  differing  from  the  reaction  which 
occurs  between  lime  and  chlorine  at  a  lower  temperature,  as  in  the  preparation  of 
*  chloride  of  lime.'  When  the  gas  ceases  to  be  absorbed  by  the  lime,  the  liquid  is  run 
off  into  a  tank  lined  with  lead,  where  the  suspended  matt^  is  alloweid  to  suoside,  and 
whence,  the  supernatant  liquid  is  drawn  off  by  a  siphon  into  a  leaden  evaporating  pan 
in  which  it  is  concentrated  to  25^  to  30^  B.  A  hot  solution  of  chloride  of  potassium 
is  then  added,  by  which  the  chlorate  of  lime  is  decomposed  and  chlorate  of  potash 
formed.  Theoreticallv,  every  168  parte  by  weight  of  caustic  lime  originally  used 
require  74*5  parte  of  chloride  of  potasdum ;  but  practically  one  part  of  the  chloride  is 
added  for  every  three  parte  of  lime.  The  dilorate  of  potash  and  chloride  of  caldum 
are  readily  separated  by  taking  advantage  of  the  sparing  solubility  of  the  potash  salt. 
The  crude  chlorate  is  purified  by  solution  and  re-crystallization. 

Chlorate  of  potash,  (the  old  oxymuriato  of  potash),  has  a  cooling,  somewhat  un- 
pleasant and  xutrous  taste ;  it  does  not  bleadu  At  60^  F.  100  parte  of  water  dissolve 
6  parte  of  the  salt,  and  at  ite  boiling  point,  or  220^,  60  parte.  When  heated  to  dull 
ignition  in  a  glass  retort,  it  gives  out  89*21  per  cent  of  ite  weight  of  oxygen,  and 
leaves  a  residue  of  chloride  of  potasdum.  The  deoompodtion  is  efifected  at  a  much 
lower  temperature  if  the  salt  be  mixed  with  a  small  quantity  of  binoxide  of  manganese, 
sesquioxide  of  iron,  or  bladL  oxide  of  copper.  Chlorate  of  potash  is  an  active  axididng 
agent :  it  deflagrates  upon  red  hot  dnders  like  nitre :  when  triturated  along  with 
sulphur  or  phosphorus,  it  detonates  with  great  violence,  not  without  danger  to  the  hands 
of  the  operator.  Similiar  detonations  may  be  produced  with  dnnabar  or  vermilion, 
sulphuret  of  potassium,  volatile  oils,  sugar,  &c ;  but  they  can  be  effected  only  by  the 
smart  blow  of  a  heated  hammer  on  an  anviL  See  Lxtcifbb  Matchbs  and  Pmbcussion 
Caps. 

CBXiOBATSS.    Salte  of  chloric  add. 

CB&omKTmtZC  ACZB.  The  modem  name  for  Htbbochlobio  Acm.  The 
gas  was  discovered  by  Priestley  in  1772 ;  dissolved  in  water,  it  has  been  long  known  as 
spirite  of  salte.    See  MrsiATio  Acid. 

CB&O&ZC  AOZB.  The  add  constituent  of  the  chlorates.  This  add,  wfaidi 
is  only  known  in  combination  with  one  equivalent  of  water,  is  exceedingly  unsteble, 
being  instently  decomposed  by  contact  with  organic  matter,  and  undergoing  gradual 
sponteneous  decomposition  in  difiused  daylight.  It  is  prepared  by  deoompodng 
chlorate  of  potash  by  the  addition  of  hydro-fiuosilidc  add,  which  forms  with  potash  an 
insoluble  compound. 

CB&OSZBB8.  *  The  term  chloride  is  applied  to  all  compounds  of  chlorine,  which 
may  be  derived  from  one  or  more  atoms  of  hydrochloric  add,  by  the  substitution  of  a 
metal  or  other  radical  (which  may  itself  contoin  chlorine)  for  an  equivalentquanti^of 
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hydrofien.'-- Watto's  <  Bictionaiy  of  ChemiBtxy.'  For  descriptions  of  the  chlorides,  refer 
to  their  respective  metals. 

The  term  '  chloride  *  is  also  applied  in  the  arts  to  a  number  of  bleaching  compounds, 
such  as  '  chloride  of  lime/  the  exact  chemical  natnre  of  which  is  still  obscure,  though 
it  is  certain  that  they  are  not  simple  chlorides,  or  combinations  of  chlorine  with 
metals.  It  is  now  generally  believed,  that  these  so-called  chlorides  of  the  alkalis 
and  alkaline  earths  are  either  compounds  or  mixtures  of  true  chlorides  with  hypo- 
chlorites. 

CB&OSZBB  07  TtTMB.  The  compound  so  called  was  first  employed  in  the 
liquid  form  as  a  bleaching  agent  in  1798;  and  in  the  following  year  the  idea  suggested 
itself  to  Mr.  Charles  Macintosh,  at  that  time  a  partner  of  Messrs.  Tenant  and  Enoz, 
to  impregnate  quicklime  in  a  dry  state  with  chlorine,  and  a  ^tent  was  taken  out  ac- 
cordingly. The  cUscovery  of  the  bleaching  property  of  chlorine  is  due  to  BerthoUet, 
who  announced  the  £9tct  to  the  Academy  of  Sciences  in  1785.  In  the  following  year, 
the  new  method  of  bleadiing  was  introduced  into  Great  Britain  by  Mr.  Watt  In  1788, 
Mr.  Thomas  Henry  of  Manchester  exhibited  calico  bleached  by  chlorine,  without 
having  any  knowledge  of  the  previous  experiments  of  Watt ;  and  in  the  foUowins  year 
a  detailed  method  of  the  process  was  published  by  Berthollet.  To  give  some  idea  o£ 
the  rapi<h^  with  which  bleaching  is  conducted  hj  the  improved  modem  processes,  the 
writer  of  the  article  on  this  subject  in  the  Encydoptedia  iritoMmioa  quotes  the  follow- 
ing illustration :— A  bleadier  in  Lancashire  received  1,400  pieces  of  grey  muslin  on  a 
Tuesday,  which  on  the  Thursday  immediately  following  were  returned  bleached  to  the 
manufacturers  at  the  distance  of  16  miles  and  they  were  packed  up  and  sent  off  that 
very  day  to  a  foreign  market. 

It  is  estimated  that  the  present  annual  production  of  chloride  of  lime  in  Great  Britain 
and  Ireland  amounts  to  76,000  tons,  of  the  value  of  three-quarters  of  a  million  sterling. 

In  the  manufacture  of  chloride  of  lime,  chlorine  gas  is  transmitted  at  a  proper 
temperature  through  milk  of  lime  or  over  dry  slaked  lime,  the  product  being  thus 
obtained  either  as  a  liquid  or  as  a  powder.  ThQ  different  methods  of  generating  the 
gas  will  be  described  tmder  Ghlobimb. 

A  fieat  variety  of  apparatus  has  been  at  different  times  contrived  for  favouring  the 
combination  of  chlorine  with  the  slaked  lime  for  the  purpose  of  commerce.  The 
simplest  construction  for  subjecting  lime-i)0wd6r  to  chlorine,  is  a  large  chamber  8  or 
9  feet  high,  built  of  sandstone,  having  the  joints  of  the  masonry  secured  with  a  cement 
composed  of  pitch,  resin,  and  dry  grpsum  m  equal  parts.  A  door  is  fitted  into  it  at 
one  end,  which  can  be  made  air-Uj^t  bv  strips  of  doth  and  day  lute.  A  window  on 
each  side  enables  the  operator  to  judge  how  the  impregnation  j;oes  on  by  the  colour  of 
the  air,  and  also  gives  light  for  makimc  the  arrangements  within  at  the  commencement 
of  the  process.  ^  water  lutes  are  incomparably  sunerior  to  all  others  where  the  pneu- 
matic pressure  is  small,  a  large  valve  or  door  on  this  prindple  might  advantageously 
be  made  in  the  roo^  and  two  tunnels  of  considerable  width  at  Uie  bottom  of  ea<m 
side  walL  The  three  covers  should  be  simultaneously  lifted  off  by  cords  passing  over 
a  pulley,  without  the  necessity  of  the  workman  approaching  the  deleterious  gas,  when 
the  apartment  is  to  be  opened.  A  great  number  of  wooden  shelves,  or  rather  travs, 
8  or  10  feet  long,  2  feet  broad,  and  1  inch  deep,  are  provided  to  receive  the  riddled 
sUked  lime,  containing  generally  about  2  atoms  of  lime  to  3  of  water.  These  shdves 
are  piled  one  over  another  in  the  chamber,  to  the  height  of  6  or  6  feet,  cross  bars  below 
each  keeping  them  about  an  inch  asunder,  in  order  that  the  gas  may  have  free  room  to 
circulate  over  the  surface  of  the  calcareous  hydrate. 

The  alembics  for  generating  the  chlorine,  which  are  usually  nearly  spherical,  are  in 
some  cases  made  entirely  of  lead,  in  others  of  2  hemispheres  joined  together  in  the 
middle,  the  upper  hemisphere  being  lead,  the  under  one  oast-iron.  The  first  kind  of 
alembic  is  enclosed  for  two-thirds  £rom  its  bottom  in  a  leaden  or  iron  case,  the  interval 
of  two  inches  between  the  two  being  destined  to  receive  steam  from  an  a^'oining  boiler. 
Those  which  consist  below  of  cast-iron  have  their  bottom  directly  exposed  to  a  very 
gentle  fire ;  round  the  outer  edge  of  the  iron  hemisphere  a  groove  is  cast,  into  which 
Uie  under  edge  of  the  leaden  hemisphere  fits,  the  joint  being  rendered  air-tight  by 
Boman  or  patent  cement.  In  this  leaden  dome  there  are  four  apertures,  each  secured 
by  a  water-lute.  The  first  opening  is  about  10  or  12  inches  square,  and  is  shut  with 
a  leaden  valve,  with  incurvated  edges,  that  fit  into  the  water-channel  at  the  margin  of 
the  hole.  It  is  destined  for  the  admission  of  a  workman  to  rectify  any  derangement  in 
the  apparatus  of  rotation,  or  to  detach  hard  concretions  of  salt  from  the  bottom. 

The  second  aperture  is  in  the  centre  of  the  top.  Here  a  tube  of  lead  is  fixed,  which 
descends  nearly  to  the  bottom,  and  down  through  which  the  vertical  axis  passes.  To 
its  lower  end  the  cross  bars  of  iron  or  of  wood,  sheathed  with  lead,  are  attached,  by 
whose  revolution  the  materials  receive  the  proper  a^tation  for  mixing  the  dense  man- 
ganese with  the  sulphuric  add  and  salt.    The  motion  is  communicated  either  by  the 
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hand  of  a  workman  applied  from  time  to  tdme  to  a  -winch  at  top,  or  it  is  given  by  con- 
necting the  axis  -with  -wheel  work,  impelled  by  a  stream  of  water  or  a  steam-engine. 
The  tmrd  opening  admits  the  siphon-formed  fhnnel,  through  which  the  snlphnric  add 
is  introdnced ;  and  the  fourth  is  the  orifice  of  the  ednction-pipe.  The  fourth  aperture 
admits  the  eduction-pipe.  This  pipe  is  afterwards  conveyea  into  a  leaden  chest  or 
cylinder,  in  which  all  the  other  eduction-pipes  also  terminate.  They  are  connected  with 
it  simply  by  water-lutes,  havinff  hydrostatic  pressure  of  2  or  8  inches.  In  thisffeneral 
ditfersorium  the  chlorine  is  -wasnea  from  adhering  muriatic  add,  by  passing  through 
a  little  water,  in  which  each  tube  is  immersed,  and  from  this  the  gas  is  let  off  by  a 
pretty  large  leaden  tube,  into  the  combination-room.  It  usually  enters  in  the  top  of 
the  ceiling,  whence  it  diffuses  its  hea-^y  gas  equally  round. 

Four  days  are  required,  at  the  ordinary  rate  of  working,  for  making  good  marketable 
bleaching-po-wder.  A  more  rapid  formation  would  meroly  endanger  an  elevation  of 
temperature,  productive  of  muriate  of  lime,  at  the  expense  of  the  bleaching  quality. 
But  skilfol  manufacturers  use  here  an  alternating  process.  They  pile  up,  fiSrst  of  aU, 
the  -wooden  trays  only  in  alternate  shelves  in  each  colunm.  At  the  end  of  two  days 
the  distillation  is  intermitted,  and  the  chamber  is  laid  open.  After  two  hours  the 
-workman  enters,  to  introduce  the  alternate  trays  covered  -with  f^esh  hydrate  of  lime, 
and  at  the  same  time  rakes  up  tJioroughly  the  half-formed  chloride  in  the  others.  The 
door  is  then  secured,  and  the  chamber,  after  being  filled  fbr  two  days  more  -with  chlo- 
rine, is  again  opened,  to  allow  the  first  set  of  trays  to  be  removed,  and  to  be  replaced 
bv  others  containing  fresh  hydrate,  as  before.  ThuB  the  process  is  conducted  in  regular 
altOTnacion;  very  superior  bleaching-powder  is  manufiictDxed,  and  the  chlorine 
may  be  suflbred  to  enter  in  a  pretty  uniform  stream.  But  for  this  judidous  plan, 
as  the  hydrate  advances  in  impregnation,  its  fiiculty  of  absorption  becoming 
diminished,  it  would  be  requisite  to  diminish  proportionately  the  evolution  of  chlorine, 
or  to  allow  the  excess  to  escape,  to  the  great  loss  of  the  proprietor,  and,  what  is  of 
more  consequence,  to  the  great  detriment  of  the  healtJi  of  the  -workmen. 

According  to  M.  0.  H.  Mtoe  (*  Gomptes  Bendus,'.Nov.  22, 1847)f  chloride  of  lima  may 
be  prepared  almost  pure,  and  instantaneoosly,  by  pouring  upon  slaked  lime,  water  satu- 
rated with  chlorine.  The  chlorine  is  absorbed  the  moment  the  liquid  comes  into  con- 
tact with  the  lime,  and  if  the  supernatant  -water  is  immediately  decanted,  and  the  lime 
remaining  at  the  bottom  of  the  vessel  saturated  by  frequent  repetition  of  the  treatment 
-with  chlorine  water,  perfietiypure  chloride  of  lime  is  obtained.  Labanaque  finds  that 
the  absorption  of  cblorine  by  moistened  hydrate  of  lime  is  greatly  facilitated  by  mix- 
ing it  with  ^h  of  its  wei^t  of  common  salt. 

Manufacturers  differ  much  from  each  other  in  the  proportion  cf  their  materials  for 
generating  chlorine.  In  general,  10  cwt  of  salt  are  mind  with  from  10  to  14  cwt  of 
manganese,  to  which  mixtore,  after  its  introduction  into  the  idembic,  from  12to  Hcwt 
of  sulphuric  add  are  added  in  suecesdve  portions.  That  quantity  of  oil  of  -vitriol  must, 
however,  be  previously  diluted  -with  water,  till  its  spedflc  gravi^  becomes  about  1*6. 
But,  indeed,  tids  dilution  is  seldom  actually  made,  for  tiie  manumcturer  of  bleaching- 
po-wder  almost  alwa^  i^pares  his  own  sulphuric  add  for  the  purpose,  and  therefore 
carries  its  concentration  in  the  leaden  boilers  no  higher  than  the  density  of  1*65,  -wfaidi, 
from  Br.  Ure*s  table  of  sulphuric  add,  in^cates  {m  ai  its  -weight  of  -water,  and  there- 
fore ^rd  more  of  such  add  must  be  used. 

The  manufiEM!tnrer  generally  reckons  on  obtaining  from  one  ton  of  rodc-ealt,  employed 
as  above,  a  ton  and  a  half  of  good  bleaching-powder.  But  the  following  analysiB  of 
the  operation  will  show  that  he  ou^ht  to  obtain  two  tons : — 

When  a  mixture  of  sulphuric  aad,  common  salt,  and  black  oxide  of  manganese  are 
the  ingredients  used  by  the  manufadmrer  of  blea^fiing-powder,  the  absolute  propor- 
tions required  by  theory  are : 

1  atom  chloride  of  sodium  ....        58*5        .    .        29*76 

1  atom  binoxide  of  manganese    ....        43*6       .    .        21*25 

2  atoms  oil  of  vitriol  ....        98*0        .    .        49*00 


200*0  10000 
I  the  products  ought  to  be : 

1  atom  chlorine  disengaged         ....        85*5  .  .  17*75 

1  atom  sulphate  of  soda              ....        71*0  .  .  85*50 

1  atom  sulphate  of  manganese    ....        75'5  .  .  37*75 

2  atoms  water             18*0  .  .  2*00 


2000  100*00 

These  proportions  are,  however,  very  different  from  those  employed  by  the 
lacturers ;  and  they  ought  to  be  so,  on  acoomit  of  the  impurity  of  thdr  oxide  of 
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ganese.  Moreorer,  the  oil  of  vitriol  has  a  tendeiurjr  to  form  the  add  sulphate  of  soda  or 
bisulphate,  instead  of  the  normal  sulphate,  and  this  salt  is  only  decomposed  at  a  high 
temperature. 

From  the  preceding  computation,  it  is  evident  that  1  ton  of  salt  with  1  ton  of  the 
above  native  oxide  of  manganese,  properly  treated,  wonld  yield  0*59  of  a  ton  of  chlorine, 
which  would  impregnate  1*41  ton  of  slaked  lime,  producing  2  tons  of  bleaching-powder,* 
stronger  than  the  average  of  the  commercial  specimens ;  or,  allowing  for  a  little  loss] 
which  is  unavoidable,  would  afford  2  tons  of  ordinary  powder,  with  a  little  more 
slaked  lime. 

Fig.  461  represents  a  retort  of  lead,  well  adapted  to  the  evolution  of  chlorine  from 
the  mixture  of  salt,  manganese,  and  sulphuric  acid,  or  ^m  manganese  and  muriatic 
add. 

The  interior  vessd  is  cast  in  lead,  and  it  has  round  its  bottom  part  a  cast-iron  steam 
case.  The  salt  and  manganese  are  introduced  by  the  aperture  c,  and  the  sulphuric 
acid  by  the  siphon-funnel  /.    The  contact  of  these  three  substances  is  continually 

461 


renewed  by  the  agitator  or  stirrer  b,  ^vdiich  consists  of  wrought  or  cast  iron,  sheathed 
with  lead,  e  is  the  gas-discharge  pipe.  The  redduums  are  drawn  off  by  tiie  bottom 
discharge  pipe  o.    The  heating  case  receives  its  steam  by  the  pipe  A. 

The  chlorine  ^,  is  conveyed  from  the  retort  b,^.  462,  into  the  chamber  i,  by  the 
tube  EBB.  This  chamber  is  divided  into  four  compartments,  to  receive  the  gas  dis- 
engaged from  four  retorts,  like  the  above.  The  bottom  of  it  is  covered  with  a  stratum 
three  or  four  inches  thick  of  quicklime,  newly  slaked  and  sifted,  which  is  stirred  about 
from  time  to  time,  by  the  rakes  l  l  l  l.  When  the  saturation  is  suffident,  the  chloride 
of  lime  is  taken  out  by  the  doors  xxkk.  -  The  dde  of  this  apparatus  allows  2  cwt  of 
manganese,  and  its  equivalent  quantity  of  salt  and  sulphuric  acid,  or  of  muriatic  add, 
to  be  introduced  at  once  into  the  retort    d  is  the  handle  of  the  agitator. 

The  same  fbrm  of  retort  will  suit  perfSsctly  well  to  prepare  dilorine  for  making 
liquid  chloride  of  lime,  which  is  preferred  by  maiw'  bleachers  and  calico-printers  who 
have  conveniences  for  preparing  it  themselves.  The  most  concentrated  solutions  of 
the  diy  chloride  of  lime  do  not  mark  more  than  6^  B.  (spedfio  gravity  1*04),  and  dis- 
colour only  50  volumes  of  Gay-Lussac's  solution  of  indigo,  whil£  the  chloride  made  in 
the  humid  wajr  marks  £rom  8^  to  9^  B.  (about  1*060),  and  discolours  80  volumes  of 
the  same  solution. 

In  the  chloride-of-lime  apparatus,  most  generally  used  by  the  ddlfril  calico-printers 
of  Mulhausen,  the  mixture  of  muriatic  add  and  manganese  is  put  into  glass  globes, 
with  long  necks,  heated  upon  a  sand-bath.  The  chlorine  is  conveyed  by  glass  tubes 
into  a  cylindrical  stone  dstem,  containing  milk  of  lime.  The  furnace  of  the  sand- 
baths  is  made  of  cast-iron,  and  has  brick  partitions,  to  give  each  retort  its  own  fire. 
The  smoke  of  all  these  fires  goes  off  by  a  fine  into  sheet-iron  pipes.  The  dstem  is 
made  of  siliceous  sandstone.  Its  cover  is  of  wood,  coated  with  a  rednous  cement ;  and 
it  fite  at  its  edges  into  grooves  cut  in  the  stone.  A  wheel  serves  to  agitate  the  liquid 
continually ;  its  paddles  being  kept  at  2  inches  distance  f^m  the  ddes  of  the  dsteim. 
The  milk  of  lime  is  introduce  by  a  funnel,  and  the  chloride  is  drawn  off  by  a  dischaige 
pipe.    The  lead  retort  and  agitator  used  in  this  country  seem  greatiy  preferable  to 
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the  experimental  laboratory  plan  described  above.  In  all  each  apparatna  we  should 
ay(nd  giving  any  pressure  to  the  tabes  or  vessels,  and  should  not  therefore  dip  the  ex- 
tremities of  the  gas-pipes  beneath  the  surface  of  the  liquid,  but  rather  facilitate  the 
combination  of  the  chlorine  and  the  lime,  by  enlarging  tne  surfaces  of  contact  and  by 
agitating.  Intermediate  vessels  containing  water,  orJlie  chemical  cascade  of  M.  Clement, 
are  very  useful  for  absorbing  any  muriatic  acid  which  may  be  disengaged  along  with 
the  chlorine,  and  therebpr  preventing  the  needless  formation  of  miiriate  of  lime  in  the 
chambers  or  cisterns  of  impregnation. 

When  the  solution  of  the  chloride  of  lime  is  mixed  with  hydrate  of  lime,  it  bears, 
without  decomposing,  a  pretty  high  temperature,  provided  it  be  not  too  long  continued ; 
it  may  even,  in  certain  oases,  be  raised  to  near  the  boiling  point  without  suffering  a 
marked  loss  of  its  discolouring  power ;  but  when  the  chloride  is  deprived  of  that  excess 
of  lime,  it  is  decomposed  in  a  snort  time,  even  at  a  heat  of  110°  F. 

'VVhen  chlorine  is  admitted  to  milk  of  lime,  it  infallibly  produces  some  muriate  of 
lime ;  but  the  quanti&)r  is  kept  at  a  minimum  by  constantly  presenting  an  excess  of 
lime  to  the  gas  with  the  agitator,  and  by  keeping  the  temperature  as  low  as  possible. 
Hence  the  influx  of  gas  should  not  be  so  zapidas  to  generate  much  heat.  An  automatic 
agitator,  moved  by  steam  or  water  power,  is  therefore  much  better  than  one  driven  by 
the  hand  of  the  operator,  who  is  apt  to  intermit  hi6  labours. 

If  the  liquor  becomes  hot  at  the  end  of  the  process,  it  should  be  immediately  drawn 
off  into  large  stone  bottles  and  cooled.  The  rose  colour,  which  sometimes  supervenes, 
is  due  to  a  minute  auantily  of  manganese :  the  stron^^  liquid  chloride  of  lime  that 
can  be  prepared  will  noi  disoolonr  more  than,  80  times  its  volume  of  Gay-Lussoc's 
indigo  test 

In  the  year  1846,  Mr.  Pattinson  patented  an  improved  mode  of  manufacturing 
chlorine.  In  this  process  he  made  use  of  a  stone  vessel  or  generator,  enclosed  in  a 
double  iron  vessel.  The  hydrochlorio  add,  spedfle  gravity  1*16,  is  poured  into  the 
generator,  and  on  a  grating  or  false  bottom  is  placed  the  binoxide  c^  manganese  in 
lumps.  The  temperature  of  the  contents  of  the  generating  vessel  is  then  raised  to 
180^  F.,  by  means  of  steam,  made  to  drcolate  between  the  stone  vessel  and  the  iron 
casing.  This  heat  is  continued  for  about  18  hours ;  and  then,  by  means  of  a  suitable 
pipe  passing  to  the  bottom  of  the  generator,  steam,  under  a  pressure  of  10  lbs.  to  the 
mchj  is  imected  into  the  vessel  for  about  two  minutes,  and  tlus  is  repeated  every  half 
hour  for  about  six  hours.  In  this  process  no  mechanical  agitation  is  required,  as  tibe 
steam  enters  with  suffident  force,  under  the  pressure  above  mentioned,  to  effect  the 
requisite  agitation  of  the  contents,  and  by  dearing  the  lumps  of  manganese  fiom  all 
adhering. matters,  expose  a  fneh.  surface  continually  to  the  action  of  the  add. 

In  carrying  this  process  into  practical  operation,  Mr.  Pattinson  found  that  the 
apparatus  is  liable  to  be  completely  deranged,  and  the  iron  vessel  destroyed  by  the 
action  of  the  hydrochloric  add,  if  Uie  stone  generating  vessel  should  happen  to  get 
broken;  to  obviate  which  inconvenience,  and  to  enable  the  generator  to  be  med 
though  in  a  broken  condition,  the  inner  iron  vessel  is  perfonS«d ;  and  the  spaces 
between  the  two  iron  vessels,  and  between  the  inner  iron  vessel  and  the  stone  gene- 
rator, are  filled  with  coal-tar,  or  pitch,  thickened  b;^  boiling  to  such  a  consistenoe  as 
to  be  tough,  but  not  brittle,  when  cold.  Steam,  circulating  through  a  coil  of  pipe 
pasdng  between  the  iron  vessels,  serves  to  maintain  the  tar  at  the  re^uidte  degree  of 
heat ;  and  in  the  event  of  the  breakage  of  the  stone  generator,  the  liquefied  tar  flows 
into  the  fissure,  and  prevents  the  escape  of  the  hydrochloric  add  into  the. steam 
vessel. 

Chlorine-stills  of  metal  or  of  earthenware,  though  used  even  now  in  manv  continental 
works,  have  been  generally  displaced  in  this  pountiy  by  vessels  of  sandstone.  In 
Lancashire  they  are  usualljr  constructed  of  Yorkshire  fiags,  cemented  together  by  a 
mixture  of  tar  and  day,  while  on  the  l^rne  they  are  cut  out  of  solid  blocks  of  stone, 
and  rendwed  impervious  on  the  surface  by  bdng  boiled  in  coal-tar. 

The  recdvers  in  which  the  chlorine*  acts  on  the  lime  are  usually  constructed  dther 
of  stone  slabs  or  of  sheet  lead  supported  on  timber  framework.  The  reodving 
chambers  are  fitted  with  shdves  on  which  the  slaked  lime  is  conveniently  exposed  in 
layers  for  absorption  of  the  chlorine.  In  other  forms  of  apparatus  the  lime  is  placed 
in  a  series  of  pots  or  in  rotating  barrels.  The  absorption  of  chlorine  is  accompanied 
by  evolution  of  heat,  but  as  chlorate  of  lime  is  formed  at  a  high  temperatiure  the 
gas  is  admitted  but  slowly  and  the  temperature  thus  maintained  suffidently  low  ta 
avoid  formation  of  the  chlorate. 

Several  proposals  have  been  made  for  utilising  the  waste  liquors  from  the  chlorine 
stiUs,  most  of  which  aim  at  reprodudng  oxicb  of  manganese  which  may  be  again 
available  for  the  generation  of  emorine. 

A  method  of  treating  the  residuum  was  patented  in  1865  by  Mr.  C.  Tennant  Dunlop^ 
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It  consists  in  transfonning  the  chloride  of  manganese,  first  into  carbonate  and  then 
into  oxide,  hy  the  action  of  heat.  Whateyer  impurity  the  chloride  of  manganese  may 
contain— as  chloride  of  iron,  for  instance — ^is  first  separated,  either  hv  calcination  or 
hy  the  agency  of  a  suitable  precipitant.  Practical  working  has  snown  that  the 
carbonate  of  manganese  thus  treated  yields  an  oxide  of  a  richness  equivalent  to  that 
of  80  per  cent  of  peroxide.  The  carbonate  of  manganese  may  be  obtained^  by 
precipitation  firom  the  chloride  by  carbonate  of  ammonia.  Q?he  chloride  of  ammoniim!i 
resulting  ^m  this  treatment  may  either  be  employed  as  such,  or  it  may  be  re- 
transformed  in  the  usual  "way  into  carbonate  for  the  precipitation  of  fredi  chloride  of 
manganese.  Hydrate  of  lime  is  also  used  as  a  precipitant,  the  resulting  hydrated 
oxide  of  manganese  being  subsequently  converted  into  carbonate  by  the  transmission 
through  it  of  a  stream  of  carbomc  acid. 

By  another  process,  carbonate  of  manganese  is  obtained  by  passing  carbonic  acid 
through  the  solution  of  chloride  of  manganese  which  has  been  previously  mixed  with 
a  quantity  of  carbonate  of  soda.  The  carbonate  of  soda,  under  the  influence  of  car- 
bonic aad,  decomposes  the  chloride  of  manganese  into  carbonate,  firom  which  the 
oxide  can  be  obtained.  The  essential  feature  of  this  invention  is  the  production  of 
artificial  oxide  of  manganese,  by  first  converting  the  chloride  into  carbonate,  and 
afterwards  this  latter  into  oxide,  by  the  joint  agencies  of  heat  and  i^mospheric  air. 

In  a  process  suggested  by  Sinks  and  Gatty,  uie  chloride  of  manganese  in  the  still- 
liqtior  is  heated  with  nitrate  of  soda,  whereby  a  mixture  of  nitrous  acid  and  oxygen  is 
evolved,  while  a  residue  of  chloride  of  sodium  and  oxide  of  manganese  is  obtained. 

But  the  most  valuable  process  which  has  yet  been  proposed  for  regenerating  the 
manganese  from  the  spent  liquors  is  that  which  has  been  lately  introduced  by  Mr. 
Walter  Weldon,  and  is  now  largely  employed  in  this  country.  To  underatand  the 
working  of  this  process  it  shoidd  be  remembered  that  the  acid  liquor  left  in  the 
chlorine-stiUs,  by  the  action  of  hydrochloric  add  on  peroxide  of  manganese,  consists 
mainly  of  a  solution  of  protochloride  of  manganese  (manganous  chloride),  with  the 
sesquichlorides  of  iron  and  aluminium,  chloride  of  calcium,  and  such  excess  of  hydro- 
chloric add  as  may  have  been  employed.  This  liquid  is  run  from  the  generators  into 
a  well,  whero  it  is  neutralised  by  adoition  of  finely-divided  chalk,  the  neutralisation 
being  facilitated  by  keeping  the  liquid  stirred  up  by  a  mechanical  agitator.  Not 
only  is  the  free  acid  thus  neutralised,  but  the  chlorides  of  iron  and  aluminiim!i  are 
decomposed,  and  the  oxides  predpitated.  The  neutral  liquor  is  then  pumped  up  into 
tanks,  called  *  chloride  of  manganese  settlers,'  where  the  sulphate  of  lime,  the  oxide 
of  iron,  and  the  alumina  held  in  suspension  are  rapidly  deposited,  and  a  dear  solution 
of  manganous  diloride,  of  a  pale  pink  colour,  is  obtamea  This  clear  liquor  is  run 
off  into  a  tank  below  called  the  *  oxidiser,'  in  which  it  is  treated  with  an  excess  of 
imlk  of  lime  to  predpitate  the  manganese  as  ^rdrated  protoxide,  which  is  converted 
into  a  higher  oxide  by  the  injection  of  air.  The  oxidiser  is  generally  a  cylindrical 
iron  vessel,  about  12  feet  in  diameter  and  22  feet  deep.  The  reactions  in  this  vessel 
are  best  effected  at  a  temperature  of  fi?om  130°  to  170°  F.,  and  if  the  charge  of 
manganous  liquor  is  not  sufi^ently  hot,  its  tem^rature  is  raised  by  iigection  of 
steam.  When  suffidently  heated,  the  liquor  is  subjected  to  a  blast  of  atmospheric  air 
introduced  through  a  laree  pipe  reaching  nearly  to  the  bottom  of  the  oxidiser.  The 
milk  of  lime  is  then  rapidly  run  in  from  a  reservoir  above,  and  the  blowing  continued 
until  peroxidation  ceases — ^a  point  usually  attained  when  from  80  to  86  per  cent  of 
the  manganese  has  been  converted  into  peroxide.  The  thin  black  sludge  resulting 
from  this  action  contains  chloride  of  caldum  and  peroxide  of  manganese  associated 
with  a  variable  proportion  of  protoxide  of  manganese  and  Ume.  Eadi  cubic  foot  o£ 
mud  contains  about  2  lbs.  of  peroxide  of  manganese.  The  product  is  run  off  from 
the  oxidiser  to  the  *  mud  settlers,'  where  a  thick  black  deposit,  containing  about  ibur 
lbs.  of  the  peroxide  to  the  cubic  foot,  gradually  subsides.  This  deposit,  separated 
from  the  supernatant  liquid,  is  transfened,  while  still  moist,  to  the  chlorine-stills, 
whero  it  is  treated  with  hydrochloric  acid  ibr  production  of  chlorine,  and  the  cycle  ot 
operations  thus  begins  afresh,  and  may  be  continued  indefinitely — the  manganese 
tnorely  playing  the  part  of  a  carrier  or  medium  of  transference  between  the  oxygen 
of  the  atmosphero  and  the  hydrochloric  add.  In  an  experiment  continued  for  five 
hours,  during  which  time  176,000  cubic  feet  of  air  was  blown  through  the  sludge  in 
the  oxidiser,  it  was  found  that  moro  than  4  cwts.  or  14*8  per  cent  of  the  oxygen  was 
absorbed,  serving  to  reproduce  24  cwts.  of  peroxide  ca  manganese.  The  cost  of 
recovering  the  manganese  by  this  process  is  said  to  be  lees  than  one-fourth  tibe  average 
cost  of  an  equivalent  amount  of  native  manganese. 

Nature  qfJBleaokinff'PofDder, — ^An  elaborate  series  of  experiments  on  the  manufiw^^- 
turo  of  chloride  of  lime  was  made  in  1822  by  Dr.  Ure,  the  most  important  results  of 
which  ase  embodied  in  the  subjoined  Table : — 
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Prepared  TvitfaProtohjdsito  of  Lime  withontimenmatioi^             The 
prooen  carried  on  until  ttie  Ume  oeaaed  to  obtain  chlorine. 

'sssi 

Ohlcjrino      . 

Lime  .... 

Water 

Syntharis 

Firit 

Second 
Analyiis 

Mean 

89-89 
46-00 
14-60 

40-00 
44-74 
16-26 

40-62 
4607 
18-81 

40-81 
46-40 
14-28 

28      22      28 
100     100    100 

Chloride  of  Lime 

100-00 

100-00 

100-00 

100-00 

Mr.  Graham  found  that  hydrate  of  lime,  dried  at  212^,  aheorhed  afterwardB  little 
or  no  chlorine ;  but  that,  when  dried  orer  snlphnric  add,  it  was  in  the  most  &Tonr- 
able  condition  £>r  becoming  chloride  of  lime.  A  dry,  white,  pnlverolent  compound 
is  obtained  by  exposing  t£e  last  hydrate  to  chlorine,  whic^  contains  41*2  to  41-4 
chlorine  in  100  rarts,  of  whidi  89  parts  are  available  for  bleaching,  tJie  remainder 
goinff  to  form  chloride  of  caldmn  and  chlorate  of  lime.  This  appears  to  be  the 
maTimnm  absorption  of  chlorine  by  dry  hydrate  of  Hme ;  bat  the  bleaching  powder 
of  commerce  rmLj,  even  iHien  fresh  prepared,  contains  more  than  80  per  cent  of 
chlorine,  and  after  Wng  kept  for  seyeiai  months,  the  proportion  often  &]ls  as  low  as 
20  per  cent  A  compound  containing  one  equivalent  of  dilorine  and  one  equivalent 
of  hydrate  of  lime,  should  contain  48*67  chlorine  and  61*43  hydrate  of  lime ;  a  com- 
pound of  one  equivalent  of  chlorine  and  two  of  hydrate  of  lime,  should  contain  82*42 
chlorine  and  67*68  hydrate  of  lime;  and  these  are  about  the  proportions  in  good  com- 
mercial speomens.  It  would  not  be  advisable  to  attempt  to  manu&ctore  a  more 
highly  ch&rinated  product,  as  the  stability  of  the  compound  is  increased  l^  an  excess 
of  lime.  Where  a  stream  of  chlorine  is  transmitted  through  water  holduig  hydrate 
of  lime  in  suspension,  tbe  lime  is  entirely  dissolved,  and  the  nill  equivalent  m  cmorine 
is  absorbed.  IMfiferent  views  have  been  held  by  chemists  respecting  the  constitution 
of  bleadung  powder,  but  it  is  now  generally  admitted  that  the  substance  consists 
essentially  of  chloride  of  caldum  and  hypochlorite  of  lime,  with  excess  of  slaked  lime. 
Water  poured  upon  bleaching  powder  dissolves  out  the  bleaching  combination,  leaying 
a  large  residue  of  lime.  Ten  parts  of  water  are  required  for  one  part  of  dry  chloride. 
The  solution  emits  the  peculiar  odour  of  hypochlorous  add.  ^e  reaction  which  occurs 
in  the  formation  of '  duoride  of  lime '  may  be  thus  represented : — 
2(OaO.HO)  +  2Cl=CaCl  +  OaO.aO  +  2H0. 

acaB*o*+ oi«:=oacn* + oacnH>*-i- aB*o. 

Slaked  lime  and  chlorine  thus  yield  chloride  of  caldum,  hypochlorite  of  lime  and 
water.  Whether  the  chloride  and  hypochlorite  are  united  as  a  combination  or 
merdy  mixed  together,  may  be  open  to  question.  But  good  bleaching  powder  is  not 
ddiquescent  ndther  does  alcohol  dissolve  anything  from  it,  both  which  should  occur 
if  the  compound  contained.free  diloride  of  cddimL  It  is  jpossible,  however,  that  the 
two  salts  may  exist  in  bleaching  powder  in  the  form  of  a  double  salt  or  that  the 
chlorine  is  in  direct  combination  with  the  oxide.  If  the  compound  be  supposed  to 
be  pure  diloride  of  lime,  the  reaction  is  simply  an  absorption  of  chlorine ;  and  the 
same  should  be  the  case  with  the  other  bleaching  oom^unds—chloride  of  soda, 
for  instance.  But  when  carbonate  of  soda,  saturated  with  chlorine  (Labarraque's 
Liquor),  is  evaporated,  no  chlorine  is  evolved,  and  the  reddue  still  possesses 
bleaching;  properties.  The  true  nature  of  bleaching  powder  is  open,  thenfoie,  to 
speculation. 

The  bleaching  action  of  solution  of  chloride  of  lime  is  very  slow  unless  an  add  be 
added  to  it  When  dilute  sulphuric  add  in  insuffident  quantity  is  employed,  no 
chlorine  is  evolved,  but  hypochlorous  acid,  which  may  be  distilled  off  and  condensed 
in  a  suitable  receiver ;  but  with  excess  of  add,  chlorine  only  is  liberated.  When 
calicoes  and  other  woven  goods  are  to  be  bleached,  they  are  first  thoroq^ily  deansed 
by  boiling  suoceedvely  with  lime-water  and  a  weak  solution' of  caustic  soda ;  they  are 
then  digested  in  a  solution  of  bleadiing  ^wder,  specific  gravity  1*02,  containing  about 
24  per  cent,  of  chloride  of  lime ;  after  wmch  they  are  immersed  in  very  dilute  siuphnrie 
add,  whidi,  hy  liberating  the  chlorine  within  tiie  fibres  of  the  doth,  ra|ndly  removes 
the  colour.  The  goods  are  then  washed,  a  second  time  steeped  in  aUoui,  and  again 
passed  through  a  weaker  solution  of  chloride,  and  then  throng  dilute  add  ;  after  which 
they  are  thoroughly  washed  in  water.  The  quantity  of  liquor  necessary  for  700  lbs.  of 
doUi  is  971  gallons,  containing  8884  lbs.  of  chloride.  When  white  figim  are  required 
on  a  coloured  ground,  the  pattern  is  printed  on  the  doth  with  tartaric  add,  tiiidcened 
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•mik  gum.  The  eclcna  10  discharged  in  those  places  where  the  add  vis  preeent^  but 
elsewhere  untouched.  Sulphate  df  zinc  or  chloride  of  lino  may  he  empLojed,  instead 
of  acids,  for  liberating  chlorine  from  bleaching  powder. 

On  acting  upon  eotton-cloth  with  a  concentrated  solution  of  chloride  of  lime,  at  from 
1 10®  to  120^  Tf,,  pure  carbonic  add  is  disengaged,  and  the  texture  of  the  doth  is  injured. 
Here  the  hydrogen  of  the  water,  and  of  the  cotton,  being  seised  by  the  chlorine,  the 
liberated  oxygen  combines  with  the  carbon  to  form  carbonic  add.  In  the  dischaige- 
tronghs,  wha*e*printed  calicoes  are  passed  through  strong  solutions  of  chloride  of  lime, 
stalactitie  onisti  of  carbonate  of  lime  come  to  be  formed  in  this  way. 

When  chloride  of  lime  is  heated,  it  eyolyes  ozygbn  gas,  and  HomMames  ehlotine^ 
and  it  becomes  converted  into  a  mixture  of  chlorate  of  lime  and  chloride  of  oaldum, 
which  has  no  bleaching  properties.  Half  an  ounce  of  chloride  of  lime  boiled  in  two 
ounoes  of  water  yidds,  aoooraing  to  Keller,  166  cubic  indies  of  oxygen  contaminated 
with  chlorine. 

The  property  of  dilorine,  to  destroy  odOfennve  odours  and  to  prevent  putrefiictioii, 
gires  to  the  chlorides  of  lime  and  soda  a  hig^  Talue.  On  this  important  subject 
Pereba,  has  the  f[>llowing  remarks  {Mat.  Med.  vol.  i.)  with  reference  to  medical 
police : — <  If  air  be  blown  through  putrid  blood,  and  then  throng  a  sdution  of  chlo- 
ride c^  lime,  carbonate  of  lime  is  predptated,  and  the  air  is  disinfected ;  but  if  the  air 
be  first  passed  thrcragh  putrid  blood,  then  through  caustic  potash,  or  milk  of  lime,  to 
abstract  the  carbonic  acid,  and  afterwards  through  the  solution  of  diloride  of  lime,  it 
retains  its  stinking  quality.  Chloride  of  lime  may  be  employed  to  prevent  the  putre- 
&ction  of  corpses  prerious  to  interment ; — to  destroy  the  ooour  ox  exhumed  bodies 
during  medico-legal  investigations ; — to  destroy  bad  smells  and  prevent  putre&cti(m 
in  dissecting-rooms  and  workshops  in  which  animals  substances  are  employed  (as  cat* 
gut  manu&etorieB) ;— to  destroy  impleasant  odours  fsom  privies,  sewers,  drains,  wells, 
docks,  &c  ^to  didnfect  ships,  hospitals,  prisons,  stables,  &c  The  various  modes 
of  applying  it  will  readily  suggest  themselves.  For  disinfecting  corpses,  a  sheet 
diould  be  soaked  in  a  pailful  of  water  containing  a  pound  of  <£loride,  and  thcoi 
wrapped  round  the  body.  For  destroying  the  smeU  of  dissecting  rooms,  &&,  a  solu- 
tion of  the  chloride  may  be  applied  l^  means  of  a  gardening  pot'  Of  equal  impor- 
tance is  this  substance  to  the  medical  practitioner.  The  poisonous  exhalations  nom 
£>ul  sewers  may  be  counteracted  by  a  slight  inhalation  of  ehlorine  gas,  as  obtained 
from  a  little  chloride  of  lime  placed  in  the  folds  of  a  towd  wetted  with  acetic  add. 
The  importance  of  chlorine  as  a  didnfeoting  agent  appears  to  have  been  fully 
proved  during  the  period  of  the  cattle  plague.  Both  Ihr.  Angus  Smith  and  Mr. 
Orookes,  in  t£eir  reports,  give  several  ve^  striking  examples  of  the  power  of  this 
agent  in  deansing  sheds  and  houses  whidi  had  l^n  occupied  by  cattle  suffering 
under  and  dying  from  the  disease.  Carbolic  add,  however,  appears  to  be  preferred 
by  one  of  these  chemists.  Both  these  preparations  may,  it  is  dear,  be  used  with 
satis&ction  when  required. 

For  estimating  the  amount  of  chlorine  in  bleaching  powder,  and  thus  determining 
the  commercial  value  of  a  given  sample,  see  Chloboicbtbt. 

OMXiOSIBB   or   VOTA8AZUM.    See  Potassium. 

CH&OBZBBS  or  yOTAMI  AVB  80BA.  When  a  weak  solution  of  caustie 
potash  or  soda  is  saturated  with  chlorine,  it  affords  a  bleaching  liquor,  still  used  l^ 
some  bleachers  and  calico-printers  for  delicate  processes ;  but  the  price  of  the  alkalis 
has  led  to  the  disuse  of  these  chloridea  as  a  general  means,  and  hafl  occasioned  an 
extendve  raiployment  of  chloride  of  lime.  The  chloride  of  potash  is  known  as 
Water  of  JavkUy  and  the  chloride  of  soda  as  Labwrrayaie  Liquor,  They  may  be  pre- 
pared by  transmitting  chlorine  gas  throng  a  solution  of  caustic  alkali  or  alkaline 
carbonate,  or  by  decomposing  chloride  of  Hme  with  an  alkaline  sulphate  or  carbonate. 
These  so-called  chlorides  are  now  generally  considered  to  be  mixtures  or  compounds 
of  chlorides  and  hypochlorites.    See  Chlobide  of  Lqcb. 

OMXiOSnr  ATZOW.  The  method  of  extracting  gold  and  silver  from  certain  ores 
by  means  of  chlorine.  This  process  is  espedally  employed  for  separating  gold  from 
sulphides  and  arsenides  which  cannot  be  treated  by  the  ordinary  methods  of  amalga- 
mation. By  the  aid  of  chlorine  gas,  the  gold  is  converted  into  a  chloride,  and  from  a 
solution  of  this  salt  the  metal  may  be  predpitated  as  a  sulphide  by  sulphuretted 
hydrogen,  or  reduced  at  once  to  the  metallic  state  by  means  of  Sulphate  of  iron.  The 
process  enables  a  very  small  percentage  of  gold  to  be  extracted  with  advantage  from 
an  ore ;  indeed,  according  to  Mr.  Allain,  it  is  posdble  to  extract  gold  from  pyrites  by 
means  of  chlorine,  when  the  metal  is  present  to  the  extent  of  only  one  part  in  10,000 
parts  of  roasted  ore. 

The  chlorination-process  was  originally  proposed  by  Professor  Plattner,  and  was 
applied,  as  fiir  back  as  1851,  to  the  extraction  of  gold  from  the  arsenical  pyrites  of 
Beichenstdn  in  Sileda — an  ore  containiDg  about  200  grains  of  gold  to  the  ton.    In 
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oonBeqnenee  of  the  introdnctioii  of  this  prooess,  the  minefl,  after  haTiog  been  abandoned 
for  more  than  fire  centuries,  were  re-opened  and  worked  with  profit  The  ore  is  first 
roasted  in  a  rererberatory  ftimace,  and  the  arsenic  thus  becomes  oonyerted  into 
arsenions  acid,  which  sublimes,  and  is  condensed  in  a  huge  chamber.  The  residue, 
consisting  chiefly  of  iron,  is  subjected  to  the  action  of  chlorine,  and  the  iron,  with  the 
gold  which  it  contains,  then  passes  into  the  state  of  chloride;  the  chlorides  are 
dissolyed  out  by  water,  and  the  gold  precipitated  by  sul|>huretted  hydrogen, — the 
precipitation  of  the  iron  beins  prevented  by  preyiously  addii^ing  the  solution  with 
hydrochloric  acid.  The  sulphide  of  gold  is  readily  decomposed  by  heat»  yielding 
metallic  gold  on  simple  ignition. 

Since  the  introduction  o(  ^e  chlorination-piocess  at  Beichenstein,  it  has  been 
applied  elsewhere  with  considerable  success.  At  Schemnits,  in  Hungary,  the  tailings 
left  after  extraction  of  silyer  by  ZiervogeFs  method,  are  treated  with  chlorine,  and  tfie 
gold,  though  amounting  to  only  about  0*012  per  cent  of  the  tailings,  is  thus  profitably 
separated.  In  California  the  chlorination-process  was  first  introduced,  in  1858,  by 
lu.  Deetken ;  and  several  chlorination-eetablidiments  have  since  been  erected  in  the 
neighbourhood  of  Grass  Vall^.  The  process,  as  conducted  in  California,  has  been 
described  by  Mr.  EusteL* 

If  the  ore  to  be  dilorinated  contains  finely-divided  gold  in  quarts,  it  needs  no  pre- 
paratory treatment  beyond  that  of  pulverisation.  But  if  sulphides  and  arsenides  are 
to  be  treated,  they  require  to  be  previously  roasted.  The  concentrated  ores  should  be 
roasted  while  damp,  but  pan-tailiiigs  should  be  first  dried  and  then  finely  pulverised. 
The  roasting  is  ;nost  advantageously  effected  in  a  reverberatory  fbmace  in  which  the 
flame  of  the  fuel  is  allowed  to  come  into  direct  contact  with  the  ores.  A  low  tempera- 
ture should  be  empl(^ed  at  flrst  and  when  much  of  the  sulphur  and  arsenic  is 
expelled  the  heat  should  be  gradually  raised  until  any  sulphates  or  arsenites  which 
are  formed. may  be  decompos^  and  all  the  metals  converted  into  oxides,  excepting  the 
gold,  which  is  set  free  in  a  metallic  state.  The  loss  of  ^Id  during  roasting,  though 
stated  by  some  to  be  considerable,  seems  really  to  be  insignificant 

In  some  cases  it  is  desirable  to  add  common  salt  (chloride  of  sodium)  to  the  <»e 
during  the  roasting.  If  lead  and  antimony  are  present,  no  salt  should  be  used,  but  if 
the  ore  be  associatod  with  mindrals  containing  lime,  magnesia,  or  baryta,  the  addition 
of  salt  is  desirable.  About  5  per  cent,  or  100  lbs.  of  salt  to  the  ton  of  sulphides,  will 
be  found  sufficient  The  salt  should  be  thoroughlv  incorporated  with  the  ore,  so  as 
to  favour  separation  of  the  gold.  It  appears  that  the  gold  first  forms  a  terchlOTide 
(AuCP),  which  is  converted  at  a  higher  temperature  into  protochloride  (AuCl),  and 
this  at  a  red  heat,  is  reduced  to  metallic  gold. 

The  roasted  ore,  before  being  treated  with  chlorine,  must  be  slightly  mcnstened; 
this  is  effected  by  spreading  Uie  charge  over  the  floor  of  an  iron  chamber,  and 
sprinkling  it  with  water  by  means  of  a  hose;  the  ore  being  well  stirred  so  that  the 
wet  stuff  is  well  mixed  with  the  dry.  After  being  sifted,  to  remove  lumps,  the  ore  is 
transferred  to  the  chlorination-vats.  These  are  large  circular  wooden  vessels,  each 
capable  of  holding  two  or  three  tons  of  roasted  ore.  The  inside  of  the  vat  is  coated 
with  a  mixture  of  pitch  and  tar,  or  with  some  similar  substance,  to  prevent  absorption 
of  the  gold-solution  by  the  wood.  At  a  height  of  about  one  inch  from  the  botitcnn  of 
the  vessel,  is  flxed  a  false  bottom,  formed  of  boards  laid  together,  with  spaces  be- 
tween, and  perforated  with  holes  for  the  passage  of  the  chlorine  gas.  A  layer  of 
fragments  of  quarts,  or  other  rock,  is  flrst  spr^  over  the  false  bottom,  and  the 
coarser  fisnuents  covered  by  flner  and  flner  layers  till  a  stratum  of  flne  sand  is 
placed  on  the  top.  The  chaige  is  laid  on  this  prepared  bed,  which  serves  as  a  filter, 
and  chlorine  gas  is  introduced  through  the  false  bottom.  The  gas  is  generated  in  a 
leaden  vessel.  Sufficient  chlorine  for  treating  a  charge  of  three  tons  of  roasted  sul- 
phides may  be  obtained,  according  to  Eustel,  from  the  following  mixture : — ^Pulverized 
manganese  (peroxide)  80  lbs.,  common  salt,  80  or  40  lbs.,  oil  5  vitriol  of  68  degrees, 
75  lbs.,  and  water,  45  lbs.  Having  introduced  the  water,  salt,  and  manganese  into  the 
|[enerator,  the  vessel  should  be  covered  air  tight ;  the  acid  is  then  gr^ually  poured 
in  through  a  funnel,  and  the  chlorine  thus  tnKKluced  is  washed  by  passing  throng  a 
vessel  containing  water  to  absorb  any  hydrochloric  add,  the  presence  of  whidi  is 
prqudiciaL  The  evolution  of  chlorine  is  assisted  by  heat  applied  under  the  gas- 
generator.  When  the  chlorine,  which  passes  from  the  wash-bottle  to  the  chlonne- 
vat,  has  permeated  through  the  charge,  the  cover  of  the  vat  is  luted  on.  The  operator 
should  carefully  avoid  inhaling  the  chlorine,  as  this  is  a  highly  poisonous  gas,  and 
extremely  irritating  when  inhaled  even  in  small  quantity. 

The  chlorine  is  allowed  to  act  upon  the  ore  for  from  12  to  18  hours ;  the  cover  is 
then  removed  from  the  vat,  and  a  stream  of  water  introduced.    The  solution  of 

*  *  A  Treatise  on  Oonccntraiion  of  oil  kinds  of  Ores,  Indading  the  Cblotiiiation  Frocev.'  By 
Onldo  Kuitel.    San  Frandsoo :  1868* 
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chloride  of  gold  ii  then  conveyed  throngh  a  trough  lined  with  sheet-lead  into  the 
predpitating-vat,  which  is  a  large  wooden  vessel  lined  with  lead  or  with  asphalt.  To 
precipitate  the  gold,  a  solution  of  sulphate  of  iron  (green  copperas)  is  employed; 
this  18  best  prepared  a  few  days  before  use,  by  pouring  dilute  oil  of  yitriol  on  old 
I>ieces  of  wrought  iron.  A  bucket  or  two  of  this  solution  is  poured  into  the  predpita- 
ting-yat  before  the  gold-solution  enters,  and  a  sufficient  quantity  is  afterwards  employed 
to  throw  down  the  whole  of  the  gold.  This  precipitated  gold  gradually  subsides  as  a 
dark  brown  powder,  and  the  supernatant  liquor  wnen  dear  is  drawn  on.  The  gold  is 
then  carefally  scooped  out  &om  the  vat  into  a  dear  porcelain  dish,  and  the  last  traces 
washed  out  by  water.  This  findy  divided  gold  is  dried  over  a  fire,  and  then  mdted 
in  clay  crudbles ;  a  little  borax,  salt,  or  saltpetre  being  added  as  a  flux.  The  use  ot 
plumbago  crudbles  is  not  advisable.  The  metal  obtained  in  this  way  generally  con- 
tains about  995-thousandth8  ofpure  gold. — ^F.WJL 

CB&OSZirS.  {Chlorine,  "Ft,,  Chlor,  Ger.)  Symbol,  CI;  Momio  weighty  85*5.-- 
This  element  was  discovered  by  the  Swedish  chemist,  Schede,  in  1774,  and  its  true 
dementary  character  demonstrated  by  Sir  H.  Davy  in  1810.  It  exists,  under  ordinary 
drcumstances,  as  a  greenish-yellow  gas;  but,  when  exposed  to  a  pressure  of  4 
atmospheres,  at  60°  F.,  it  condenses  to  a  transparent  li<)uid,  whidi  remains  unfrozen 
even  at  the  cold  of— 220°  F.  In  the  first  state,  its  density,  compared  to  air  (reckoned 
100),  is  2-47;  in  the  second,  its  density,  compared  to  water  (1*00),  is  1-33.  It  is 
generally  obtained  either  by  the  action  of  sulphuric  acid  on  a  mixture  of  common  salt 
and  binoxide  of  manganese,  or  1^  the  action  of  moderatdy  strong  hydrochloric  add  on 
binoxide  of  manganese  alone.  In  the  first  case,  the  proportions  are  7  parts  by  weight 
of  oil  of  vitriol,  previoudy  diluted  with  7  parts  of  water  and  4  parts  of  common  salt, 
intimately  mixed  with  8  parts  of  binoxide  of  manganese ;  in  the  latter,  which  is  the 
most  convenient  method,  n^drochlorio  add,  specific  gravity  1*15,  is  gentljr  heated  with 
the  finely-powdered  binoxide,  in  the  proportions  of  about  three  oz.  of  oxide  to  half  a 
pint  of  add.  The  hydrochloric  add  should  not  be  more  diluted  than  above  indicated, 
otherwise  an  6X]^losion  may  occur,  probably  in  consequence  of  the  formation  of  one  o^ 
the  explodve  oxides  of  chlorine.  The  gas  must  be  collected  dther  over  brine  oi  over 
warm  water. 

In  the  preparation  of  chlorine  from  binoxide  (peroxide^  of  manganese  and  hydro- 
chloric acid,  43'5  parts  by  wei^t  of  manganese  and  73  of  add  yidd  35*5  parts  of  free 
chlorine.  If  the  peroxide  of  manganese  be  acted  on  by  a  mixti^  of  hydrochloric  and 
sulphuric  adds,  43*5  parts  of  the  manganese,  36*5  of  hydrochloric  and  49  of  sulphuric 
add,  will  produce  35'5  of  chlorine  gas.  When  the  generating  materials  are  common 
salt,  sulphuric  add  and  peroxide  of  manganese,  585  parts  of  salt,  147  of  add,  and 
43*6  of  mangEinese  yield  35*5  of  chlorine.  In  this  case  a  bisulphate  or  add  sulphate 
of  soda  remains  in  the  retort,  but  if  the  supply  of  add  should  only  be  sufBdent  to 
form  a  neutral  sulphate  the  complete  decomposition  will  not  be  effected  until  a  mu(^ 
higher  temperature  has  been  reached  than  was  required  with  the  larger  proportion  of 
add.  With  respect  to  the  calculations  given  above,  it  should  be  remarked  that  they 
refer  only  to  theoretical  reactions  with  pure  materials,  and  that  in  practice  the  manu- 
&cturer  will  find  it  necessary  to  use  more  than  the  specified  quantities  of  add  in  order 
to  allow  for  combination  with  lime,  oxide  of  iron,  and  whatever  other  bases  may  be 
present  as  impurities  in  the  raw  materials. 

In  addition  to  the  ordinary  methods  of  generating  chlorine  already  described,  several 
others  have  been  proposed  for  obtaining  this  dement  from  its  combinations,  chiefiy 
from  hydrochloric  acid.  Some  of  these  methods  work  with  the  hydrochloric  add  in 
the  state  of  gas.  For  example,  the  gas  may  be  caused  to  act  directly  upon  peroxide  of 
manganese ;  or  it  may  be  mixed  wiUi  carbonic  add  gas,  and  the  mixture  transmitted 
through  red-hot  earthenware  tubes ;  or  again  a  mixture  of  hydrochloric  add  and  the 
gases  evolved  by  heating  nitrate  of  soda  may  be  similarly  treated.  In  all  these  cases  an 
oxidising  agent  is  employed  to  remove  the  hvdrogen  from  the  hydrochloric  add  and 
thus  lib^te  the  chlorme.  The  simplest  method  of  efibcting  this  oxidation  is  to  pass 
hydrochloric  acid  gas  and  atmospheric  air  over  red-hot  pumice-stone  or  asbestos  or 
spongy  platinum.  A  somewhat  similar  process  has  lately  been  ingeniously  devised  by 
Mr.  Henry  Deacon,  of  the  Widnes  Alkali  Works,  and  has  been  successfully  worked  on 
a  manufacturing  scale.  A  mixture  of  hydrochloric  acid  gas  and  atmospheric  air, 
heated  to  from  700°  to  750°  F.,  is  passed  over  a  mass  of  brick-work  which  has  been 
soaked  in  a  solution  of  sulphate  of  copper  (blue  vitriol)  and  dried.  Under  these  dr- 
cumstances the  oxygen  of  the  air  and  the  hydrogen  of  the  add  unite  to  form  water, 
while  the  chlorine  is  liberated,  mixed  of  course  with  the  nitrogen  of  the  atmospheric 
air,  but  this  dilution  of  t^e  chlorine  does  not  prevent  its  employment  in  the  manufacture 
of  chloride  of  lime.  The  action  of  the  copper  salt  in  this  process  is  rather  obscure ; 
many  other  salts  are  capable  of  playing  a  similar  part,  and  their  action  is  supposed  to 
be  inerdy  catalytic,  that  is  to  say,  ihisy  induce  the  reactioQ  bcAiweeQ  the  osTgeo  and 
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hydrogen  merely  by  tbeir  presence  or  b^  contact,  -without  themBelres  taUng  any 
direct  part  in  the  process :  the  chemist  is  £tmiliar  with  many  similar  examples  it 
catalytic  action.  For  an  elaborate  discussion  of  the  principles  involyed  in  Deacon's 
new  process  -we  may  refer  to  the  *  Journal  ai  the  Chemical  Society/  Sept  1872. 

On  the  Industrial  Manufacture  of  Ghlorinei  M.  F.  Lalande  and  M.  Prudliomme  haye 
the  following  remarks : — 

The  reaction  of  anhydrous  sulphuric  acid,  mixed  with  air  or  oxygen,  upon  heated 
alkaline  chlorides,  which  has  given  rise  to  Deacon's  patent  for  tne  preparation  of 
chlorine  and  of  sulphate  of  soda,  has  led  us  to  generalise  this  pocess.  We  hare 
chieflj  experimented  with  silicic,  boric,  stannic,  and  phosphoric  acida,  and  also  with 
alumina.  When  any  of  these  bodies,  silica,  for  instance,  is  mixed  with  an  alkaline 
chloride,  or  with  an  alkaline  euth  or  earthy  ehloride,  and  over  this  mixture,  while 
being  heated  to  red  heat,  a  current  of  diy  oxygen  or  air  is  passed,  chlorine  is 
erolred,  and  a  silicate  formed  of  the  base  of  the  chloride  employed : 

SiO* + KaCl + 0 -SiO*NaO + CI  (BIO* + aVaCl + O »»a<fllO*  +  Ol*). 

At  a  red  heat,  therelbre,  oxyp^n  expels  chlorine,  when  there  is  simultaneonsly  present 
an  add  capable  of  uniting  with  the  base  which  is  formed.  Chlorides  heated  w  thew^ 
sdves  in  a  current  of  <nygen  (cMoride  of  calcium,  iot  instance)  do  not  give  off  chlorine. 
When  a  current  of  hydrochloric  aoid  gas  is  passed,  along -with  oxygen,  oyer  the  mixture 
of  silica  and  chloride,  the  add  regenerates  the  chloride  and  decomposes  the  silicate : 

SiO*.NaO  +  HCl  »SiO* + NaCl  4-  HO  (»a*MO>+  aB01»mO> + aVaCl-f  B*0). 

In  this  -way  a  conHnwms  eyolution  of  chlorine  is  obtained.  Instead  of  taking  the 
mixture  of  chlorine  and  silica,  the  silicate  of  the  metal  in  which  the  chlorine  is 
contained,  or  a  mixture  of  silica  and  the  oxide  of  that  metal,  is  taken.  l%noe  analogous 
reactions  occur  -with  the  adds  aboye  mentioned,  -we  may  state  that  it  is  generaL  Tho 
steam  formed  during  the  phase  of  reaction : 

SiO«JJaO+HCl-SiO«+Na01+HO 

giyes  rise  to  two  secondary  actions  :— 
(1).  The  chlorine  decomposes  the  water  at  red  heat : 

HO+ci-Ha+o  (B*o-i-oi*aaBoi-i-o). 

(2).  The  steam  decomposes  the  chlorides  at  red  heat: 

NaCl-hHO-NaO-i-HCl  (aVaCl+B<0-«A*0+aB01). 

It  is  probable  that  under  these  conditions  an  eqplibrium  exists  between  the 
quantitieB  of  chlorine,  aqueous  yapour,  and  hydrochloric  issuing  from  the  apparatus, 
or  a  limit  of  maximum  between  the  quantity  of  chlorine  produced  and  the  hyuochlorie 
add  evolyed  and  issuing  from  the  apparatus.  This  limit  of  maximum  will  be  the 
greater  according  as  the  temperature  required  for  the  reaction  be  less  high.  Some  of 
our  experiments  haying  been  made  by  causing  the  substances  operated  with  to  be 
imbibed  with  pumice-stone,  we  haye  been  induced  to  try  whether  pumice-stone  alone 
-would  yield  any  result,  that  material  being  a  complex  silicate  and  a  substence 
bdonging  to  the  cate^ry  of  those  indicated  by  us.  We  haye  found  that  with 
pumice-stone  ah  evolution  of  chlorine  is  obtained  c<miparable  to  that  obtahied  from 
the  other  substances,  more  particularly  silica  and  lime,  boric  add  and  lime,  stannic 
add  and  lime,  alumina  and  chloride  of  sodium ;  since  the  same  result  is  obtained 
with  lumps  of  brick,  it  might  be  ascribed  to  the  porosity  of  these  substances ;  but 
this  opinion  is  gainsaid  by  the  fiEict,  that  under  the  same  conditions  pipeclay,  a  silicate 
of  alumina  and  a  very  porous  body,  does  not  give  rise  to  any  appreciable  reaction ; 
it  therefore  appears  possible  that  hydrochloric  add  oonyerts  the  surfiue  of  pumice- 
stone  into  a  mixture  of  silica  and  chlorides.  We  have  compared  the  production  of 
chlorine  in  our  experiments  with  that  obtained  by  using  bricks  impregnated  with 
sulphate  of  copper  ^Deacon's  patent) ;  the  quantity  of  chlorine  obtainea  in  both  cases 
is  tne  same ;  but  with  bricks  iu^regnated  with  sulphate  of  copper  the  reaction  takes 
place  at  a  lower  temperature.  The  imperfection  of  our  apparatus  has  hitherto  pze- 
yented  us  from  estimating  the  respective  quantities  of  chlorine,  h3rdrochloric  add,  aque- 
ous yapour,  contained  in  the  gases  issuing  from  the  apparatus ;  ndther  have  -we  been 
able  to  estimate  exactly  the  degree  of  temperature  at  which  the  reaction  takes  place. 

Many  other  processes  have  been  used  with  more  or  lees  success  for  the  genera* 
tion  of  chlorine.  Thus,  peroxide  of  manganese  may  be  acted  on  by  a  mixture  of 
hydrochloric  and  nitric  acids,  when  chlorine,  -water,  and  nitrate  of  manganese  wiU  be 
obtained ;  this  nitrate,  on  calcination,  reproduces  peroxide  of  manganese  and  some  of 
the  lower  oxides  of  nitrogen,  which,  by  the  action  of  air  and  water,  may  again  be 
oxidised  to  nitric  add.  When  a  conoentrated  solution  of  chloride  of  attgnesim 
(spedile  gxavity  1*485)  is  mixed  with  peiozide  of  maaganetei  a  pvodnt  k  obteioed 
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which  on  ezpoeue  to  heat  Tieldtf  chlorine,  magnesia,  and  chloride  of  manganese.  The 
chloride  of  magnesium  used  in  Uiis  process  may  be  obtained  firom  camallite,  a  mineral 
largely  -worked  in  the  salt  mines  of  StassAirt  and  Kalucz.  According  to  Longmaid's 
methods,  chlorine  is  prepared  by  passing  dry  air  over  a  mixture  of  common  salt  and 
iron-nyrites,  roasted  together ;  or  a  mixture  of  salt  and  some  metallic  sulphate,  such 
as  sulphato  of  iron.  In  Mac  Dougal  and  Bawson's  process  aaj  chromate  or  bichromate 
is  actw  on  by  hydrochloric  acid.  Shank's  method  is  very  similiar,  chromate  of  lime 
being  decomposed  by  hydrochloric  acid ;  but  the  mode  of  reproducing  the  chromate  is 
different.  Bj  Lauren's  meUiod  protochloride  of  copper  ^ct^ric  chloride),  mixed  with 
sand,  is  heated,  and  firee  chlorine  evolved,  whilo  the  residue  of  subchloride  (cuprous 
chloride)  is  reconverted  into  the  higher  chloride  by  exposure  to  air  in  contact  with 
hydrochloric  add.  Mallet  directs  a  current  of  air  over  subchloride  of  copper, 
thus  forming  an  oxyehloride,  from  which  chlorine  may  be  eliminated  by  hydrochloric 
acid. 

Mr.  Dunlop  has  also  obtained  a  patent  fbr  the  production  of  chlorine  by  a  very 
elegant  method,  which  dispenses  with  the  use  of  manganese  altogether.  It  consists  in 
mixing  common  mlt  with  nitrate  of  soda,  and  submitting  the  mixture  to  the  action  of 
sulphuric  add.  Chlorine  and  nitrous  gas  are  evolved,  and  are  caused  to  traverse  a 
vessel  oontaimng  strong  sulphuric  add,  bv  which  the  nitrous  gas  is  readily  absorbed, 
and  the  chlorine  passes  oSi  A  current  of  atmospheric  air  is  now  passed  through  the 
nitrous  sulphuric  acid,  until  the  nitrous  is  converted  into  nitric  add.  These  mixed 
adds  are  then  made  to  act  upon  common  salt  without  any  addition  of  nitrate  of  soda, 
and  the  same  gaseous  products  are  obtained  as  before. 

A  description  of  Mr.  Weldon's  process  by  which  the  refuse  liquors  left  in  the 
ordinary  mode  of  preparing  chlorine  are  utilized  and  the  spent  manganese  re-oxidised, 
will  be  fbund  under  Ohlobidb  of  Ldob  (p.  785). 

Chlorine  has  a  peculiar  smell  and  irritates  the  nostrils  and  other  air-passages  most 
violently  when  inhaled.  It  is  eminently  noxious  to  animal  life,  and  if  breathed  in  its 
undiluted  state,  would  prove  instantly  fiitaL  It  sup^rts  the  combustion  of  many 
bodies,  and,  indeed,  several  substances,  such  as  antimony  and  phorohoms,  s^n- 
teneously  bum  in  chlorine  without  bein^  previously  kindled.  The  resulting  combina- 
tions are  call^  chlorides,  and  act  most  important  parts  in  many  manu&cturing  pro- 


Water  absori)8,  at  the  ordinary  temperature  of  the  atmosphere,  about  2^  times  its 
volume  of  chlorine,  and  acquires  the  colour,  taste,  and  smeU  of  the  gas,  as  well  as  its 
power  of  destroying  or  bleaching  vegetoble  colours.  When  this  aqueous  solution  of 
chlorine  is  cooled  down  to  86^  r.,  dark  yellow  crystalline  plates  appear  in  it  of  the 
hydrate  of  chlorine,  whidi  are  composed  in  100  parts  of  27*7  chlorine  and  72*3  water. 
If  these  crystals  be  heated  to  about  45^,  they  liquefy,  and  the  gas  is  evolved. 

Chlorine  has  a  powerM  affinity  for  hydI^ogen,  not  only  combining  with  it  rapidly 
in  the  gaseous  steto,  but  seizing  it  in  many  of  its  liquid  and  solid  combinations :  as  in 
certain  volatile  hydrocarbons,  which  it  inflames.  The  compound  of  chlorine  and 
hydrogen  gases  is  hydrochloric  or  muriatic  add  gas.  Binoxide  of  manganese,  when 
mixed  with  liquid  hvdrochloric  add,  as  in  the  above  process,  abstracte  5ie  hydrogen 
and  eliminates  the  chlorine.  When  chlorine  is  passed  into  water,  it  decomposes  some 
of  it,  seizes  its  hydrogen  to  form  a  little  hydrocnloric  add,  and  enables  ito  oxygen  to 
unite,  either  with  the  chlorine  into  chlorous  add,  or  with  the  remaining  water,  and  to 
constitute  oxy^nated  water.  Hence  an  aqueous  solution  of  chlorine,  exposed  to  the 
sunbeam,  continually  evolves  oxygen,  and  ere  long  becomes  hydrochloric  add. 

In  the  presence  of  moisture,  chlorine  acte  powerfully  upon  vegetoble  colouring 
matters;  water  is  decomposed,  its  hydrogen  combining  with  the  chloride  to  form 
hydrochloric  add,  whilst  ite  oxygen  is  liberated,  and  in  its  nascent  state,  or  at  tJie 
moment  of  its  liberation  when  most  active,  oxidises  the  colouring  prindples,  and  thus 
bleaches  them.  Bleaching  by  means  of  chlorine  is  therefore  a  true  process  of  oxida- 
tion ;  in  some  cases,  however,  it  appears  that  colourless  substitution-producte  con- 
taining chlorine  are  produced.  The  value  of  chlorine  as  a  deodorizer  and  disinfectent 
consists  also  in  its  power  of  decomposing  water,  and  setting  free  oxygen,  which  thus 
oxidises  the  poisonous  miasmatic  exhalations,  and  converts  them  into  more  or  less 
innocuous  products.  For  such  purposes,  chlorine  is  usually  best  employed  in  the  form 
of  bleaching  powder,  or  chloride  of  lime ;  but  in  some  cases  the  pure  gas  may  be 
conveniently  employed :  it  requires,  however,  £rom  its  poisonous  nature  to  be  used 
with  the  greatest  care.  In  fumigating  the  Millbank  Penitentiary,  Dr.  Faraday  found 
that  a  mixture  of  1  part  of  common  salt  and  1  part  of  binoxide  of  manganese,  when 
acted  upon  by  two  parts  of  oil  of  vitriol  previously  mixed  with  one  part  of  water  (all 
by  weight),  and  left  till  cold,  produce  the  best  resulte.  Such  a  mixture,  at  60^,  in 
shallow  pans  of  red  earthenware,  liberated  its  chlorine  gradually,  but  pecfbctly,  fbr 
four  days.   The  salt  and  manganese  were  well  mixed,  and  used  in  charges  of  8}  pounds 
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of  tile  mixture.  The  acidfl  and  water  were  mixed  in  a  wooden  tab,  the  water  being 
put  in  first,  and  then  about  half  the  add ;  after  cooling,  the  other  half  was  added. 
The  TOOportions  of  water  and  add  were  9  measures  of  the  former  to  10  of  the  latter.^ 
See  Watts's  '  Dictionary  of  Chemistry/ 

Many  of  the  compounds  of  chlorine  are  of  great  value  in  the  arts  and  manu&ctnres. 
Its  hy(Jrogen  add  is  fully  described  under  Htdbochlobic  Acid,  while  its  compounds 
with  the  metals,  forming  important  substances  called  chlorides,  are  noticed  unoer  the 
names  of  their  respectiye  metals.  With  oxygen,  chlorine  forms  some  unimportant 
anhydrides ;  but  with  oxysen  and  hydrogen  it  giyes  rise  to  a  series  of  ox-adds, 
known  respectively  as  hypoddorous,  chlorous,  chloric,  and  perchloric  adds.  Some  of 
the  salts  of  hvpochlorous  add  are  important  as  constituents  of  the  bleaching  compounds 
popnlarly  caUed  *  chlorides,'  as  chlonde  of  lime ;  and  some  of  the  salts  of  chlorous  add, 
as  chlorate  of  potash,  are  also  of  great  value  in  the  arts.  See  Oelobatb  op  Potash  ; 
Ghlobidb  of  Xdcb. 

CB&OBXTB.  A  term  applied  to  a  fiunily  of  minerals  of  a  da^  green  colour  and 
lamellar  stmeture.  They  are  hydrated  silicates  of  alumina,  magnesia,  protoxide  of 
iron,  &c    The  chlorite  occurring  in  the  Cornish  tin-veins  is  known  as  JP^ach, 

OHliOBOMlTl'ltT.  The  name  given  to  the  process  or  processes  by  which  the 
amount  of  available  chlorine  is  estimated  in  substances  containing  it,  wmch  are  em- 
ployed in  bleaching,  or  as  disinfectants.  The  chlorides  (hypochlorites)  of  lime,  of  potash, 
or  of  soda  are  the  most  important  of  these  compounds.  All  these  decolourising  chloridfig 
are  decomposed  b^  the  action  of  adds,  even  by  that  of  the  carbonic  add  of  the  atmo- 
sphere, chlorine  being  set  free.  The  amount  of  chlorine  capable  of  being  tiiras  evolved 
isrequired  to  be  known  for  two  reasons ;  to  ascertain  its  commercial  value,  and  to  learn 
whetner  the  strength  of  the  solution  emploved  is  within  the  limits  which  enable  it  to 
be  effectively  and  yet  safely  used  in  blea(ming.  A  number  of  processes  have  been 
devised  for  this  pur^jose.  The  method  proposed  by  Gay-Lussac  has  been  extensively 
used  in  manufftntories ;  it  depends  upon  tne  &ct  that  arsenious  add  in  solution  is 
oxidised  by  free  chlorine  and  convertea  into  arsenic  add  with  the  simultaneous  ftama^ 
tion  of  hydrochloric  add.  A  solution  of  arsenious  add  in  hydrochloric  add  was  first 
prepared,  of  a  known  strength,  and  also  a  solution  of  the  chloride  of  lime  to  be 
tested,  by  triturating  a  weighed  quantitv  with  water  and  making  the  mixture  up  to 
a  certain  bulk.  A  measured  quantity  of  the  arsenious  add  liquor  was  placed  in  a 
beaker  and  coloured  with  a  solution  of  sulphate  of  indigo,  and  the  chloride  of  lime 
solution  run  into  it  from  a  graduated  burette  till  the  blue  colour  was  destroyed.  This 
process,  though  capable  of  giving  accurate  results  when  due  care  was  taken,  was  liable 
to  some  objections.  It  was  difficult  to  hit  the  exact  point  when  the  whole  of  Uie 
arsenious  add  was  converted  into  arsenic  add,  and  a  little  chlorine  was  apt  to  be 
evolved  if  the  chloride  solution  was  run  in  too  (^uickW ;  moreover,  it  neeessiteted  the 
measurement  of  a  turbid  liquid  which  required  frequent  agitation  to  keep  the 
suspended  matter  equally  diffiuied  through  it,  and  consequently  of  uniform  strength 
throughout.  To  obviate  these  defects,  tne  following  mo<ufication  of  this  process  has 
been  proposed  by  Penot  It  is  based  upon  the  same  reaction  as  Gay-Lussac's,  but  the 
change  is  effected  in  an  alkaline  solution,  and  a  test-paper  moistened  with  starch  paste 
containing  iodide  of  potassium  is  used  to  show  when  the  reaction  is  computed. 
Whatever  process  may  be  employed,  the  mode  of  preparinff  the  solution  of  the  chloride 
of  lime  is  tne  same.  Wdgh  out  100  grains  of  the  diloride  to  be  examined,  after  it 
has  been  well  mixed  so  83  to  obtain  a  fair  average  sample,  put  them  into  a  mortar 
with  a  litUe  water  and  triturate  together  so  as  to  break  up  all  lumps  and  produce  a 
smooth  paste,  continue  to  rub  whilst  graduaU^r  adding  more  water,  ^ow  the  heavier 
partides  to  subside,  pour  off  the  supernatant  liauid  into  a  measuring  fiask  or  cylinder 
capable  of  holding  10,000  grains,  treat  the  reddue  in  the  mortar  as  before,  and  finally 
rinse  the  mortar  out  into  t£e  flask  and  make  up  the  solution  to  exactly  10,000  grains 
measure  and  mix  thoroughly. 

Pr^MorUion  of  the  Solution  of  Arsenite  of  Soda, — 139*44  grains  of  the  purest 
arsenious  add  prepared  either  by  crystallisation  from  hot  dilute  hydrochloric  add  or 
by  re-subliming  a  quantity  of  the  arsenious  acid  of  commerce  firee  from  sulphide,  are 
dissolved  in  a  flask  in  a  few  ounces  of  water  with  the  addition  of  about  700  grains  of 
crystallised  carbonate  of  soda  free  from  sulphide  or  hyposulphite.  To  fiidlitate  the 
solution,  the  arsenious  add  should  be  in  fine  powder  and  the  mixture  should  be  kept 
near  the  boiling  point  and  frequently  shaken.  The  contents  of  the  flaak  with  the 
water  required  to  rinse  it  out  are  now  transferred  to  a  10,000  grains  measure,  and  when 
quite  cold  flUed  up  to  the  mark  and  the  whole  then  cardully  mixed.  The  starch  test 
may  be  prepared  by  boiling  3  parts  of  starch  with  600  of  water,  and  afterwards  adding 
1  part  of  iodide  of  potasdum.  The  starch  should  be  first  mixed  smoothly  with  a 
pcnrtion  of  cold  water,  then  the  remainder  of  the  water  may  be  added  boiUng,  and  the 
whole  boiled  for  a  short  time.    Slips  of  white  unsized  p^>er  (filtering  p^er)  aia 
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dipped  into  the  mixture  and  used  whilst  still  damp,  in  which  state  they  are  far  more 
sensitive  than  when  dried  as  Penot  proposed.  To  perform  the  operation,  1,000  grains 
of  the  solution  of  chloride  of  lime  are  measured  out  with  a  pipette  immediately  after 
thorough  mixing,  and  placed  in  a  beaker  or  other  suitable  vessel ;  the  graduated  burette 
having  been  filled  up  to  the  proper  height  with  the  arsenite-of-soda  solution,  its  con- 
tents are  graduallj  run  into  the  chloride  of  lime  till  a  drop  of  the  latter  taken  out 
with  a  glass  rod  ceases  to  produce  an^  colouration  upon  a  piece  of  the  starch  test- 
paper  above  described.  The  operation  is  then  comj^leted.  If  the  burette  used 
contains  1,000  grains  divided  into  100  parts,  each  division  correroonds  to  1  per  cent 
of  dilorine,  when  the  solutions  used  are  of  the  strength  just  described,  l^e  reason  of 
this  will  be  evident  &om  the  following  considerations :  one  molecule  of  arsenious  add 
requires  four  atoms  of  chlorine  with  two  atoms  of  water  to  form  one  molecule  of 
arsenic  add  and  four  molecules  of  hydrochloric  acid.  Taking  the  molecule  of 
arsenious  add  as  198  and  the  four  molecules  of  chlorine  as  132,  that  is  35'5  x  4,  a 
simple  calculation  will  show  that  139*436  grains  of  arsenious  add  are  equivalent  to 
100  grains  of  chlorine,  and  the  1,000  grains  measure  of  the  arsenious  test-liquor  in  the 
burette  contain  one-tenth  of  this  quantity,  and  are  consequently  equal  to  10  grains  of 
chlorine.  Hence  the  number  of  divisions  read  off  upon  tne  burette  indicates  at  once 
the  percentage  of  chlorine  in  the  sample  examined.  As  it  ma^  sometimes  be  preferable 
to  operate  upon  a  larger  quantity  than  10  grains  of  chloride  of  lime,  2,000  grains 
of  its  solution  may  be  taken,  or  it  may  be  made  of  double  strength ;  of  course,  in 
this  case  the  number  of  divisions  observed  must  be  divided  by  two  to  obtain  the 
correct  result.  It  is  as  well  to  mention  that  the  solution  of  arsenite  of  soda  is  liable 
to  change  slightly  by  the  action  of  the  air  converting  a  portion  into  arsenate  of  soda, 
and  it  is  recommenoed  to  keep  it  in  small  stoppered  bottles  entirely  filled.  When  the 
store  bottle  is  provided  with  the  means  of  drawing  off  the  solution  from  the  bottom,  a 
layer  of  petroleum  oil  floating  upon  the  top  of  the  liquid  will  defend  it  from  tiie 
action  of  tne  air. 

Bunsen*8  Method. — ^When  free  chlorine  is  brought  in  contact  with  an  excess  of  solu- 
tion of  iodide  of  potassium,  iodine  is  set  free  and  hydrochloric  add  is  formed.  Each 
atom  of  chlorine  sets  free  one  atom  of  iodine,  which  by  means  of  the  exceedingly 
delicate  reaction  with  starch  may  be  estimated  with  the  greatest  accuracy.  100  or 
200  grains  of  the  solution  of  chloride  of  lime  prepared  as  before  described  are 
measured,  placed  in  a  beaker  or  mixing;  jar,  and  about  60  or  120  grains  measure  of 
solution  of  iodide  of  potassium  containing  1  part  iodide  in  10  parts  of  water  added, 
diluted  with  about  1,000  pains  of  water,  addulated  with  hvdrochloric  add,  and  a 
standard  solution  of  arsenite  or  hyposulpMte  of  soda  run  in  from  a  burette,  till  only 
a  yellow  tint  remains.  A  little  starch-paste  is  now  added  and  the  arsenite  again 
added  cautiously  drop  b^^  drop  till  the  blue  colour  just  disappears.  When  an 
occasional  test  only  is  rej^uired,  the  method  subjoined  may  be  followed  with  advantage, 
as  it  obviates  the  necesdty  of  preparing  a  standard  solution. 

Tim  process  is  founded  upon  the  following  reaction : — One  atom  of  chlorine,  in  pre- 
sence of  free  sulphuric  add  and  water,  converts  two  atoms  of  protosulphate  of  iron  into 
one  atom  of  persulphate  of  iron,  with  the  production  of  one  atom  of  hydrochloric  acid : 

2FeO.SO«+    SO*    +H0  +  01-Fe«0».8S0»  +  HCL 

aveso^  +  WPBO*  +    cn>    -  iP6^ao*y  +  ascL 

For  the  experiment  dther  pure  sulphate  of  iron,  free  from  peroxide,  or  the  double 
sulphate  of  iron  and  ammonia,  or  finally  a  weighed  quanti^  of  thin  annealed  iron 
wire  may  be  used,  dissolved  in  hydrochloric  or  preferably  in  dilute  sulphuric  add. 
Of  the  crystallised  sulphate  of  iron,  as  278  parts  correepond  to  35*5  parts  of  chlorine, 
it  is  easily  calculated  that  7'881  grains  will  be  peroximsed  by  one  grain  of  chlorine. 
81*324  grains  (7*831  x  4)  of  sulphate  of  iron  are,  therefore,  weighed  out,  dissolved  in 
-water,  with  the  addition  of  a  few  drops  of  sulphuric  acid,  and  the  volume  made  up  to 
2,000  grains  measure.  One  fourth  of  this,  or  500  grains,  is  taken  out  with  a  pipette, 
diluted  with  1,600  to  2,000  grains  of  water,  addulated  with  hydrochloric  add,  and 
the  chloride-of-lime  solution,  made  as  previously  described,  is  run  into  it  from  a  1,000- 
grain  burette,  with  constant  a^tation,  till  the  whole  of  the  iron  is  brought  into  the 
state  of  }>eroxide.  To  ascertain  when  the  reaction  is  finished,  a  dilute  solution  of 
ferricyanide  of  potassium  is  used.  A  drop  bein^  placed  upon  a  white  plate,  a  stirring 
rod,  mpped  into  the  mixture  of  the  iron  salt  ana  chloride  of  lime,  is  brought  into  con- 
tact with  it  As  long  as  a  blue  colour  is  produced  it  shows  that  the  whole  of  the 
protosalt  of  iron  is  not  yet  oxidised,  and  tne  addition  of  the  chloride-of-lime  solution 
IS,  therefore,  cautiously  continued,  until,  on  mixing  the  drops,  no  ftirther  shade  of 
blue  is  perceptible.  The  reading  of  the  burette  is  then  taken ;  and,  as  the  volume 
used  contains  one  grain  of  chlorine,  the  percentage  of  that  element  is  easily  obtained 
by  dividing  10,000  (the  niuaber  of  graiss  of  solution  in  which  100  gniiui  of  chloride 
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of  lime  lutYO  been  diMolyed)  by  the  munber  of  grains  of  soliition  deliyeved 
^m  the  burette.  Thus,  suppose  437  grains  have  been  used,  48*7  divisions: — 
as  437  I  1 ::  10,000  :  22*80  per  cent  of  chlorine  in  the  sample  in  (question.  If  iron 
-wire  be  taken,  6*308  grains,  or,  allowing  0*3  per  cent  for  impurities,  6*827  grains 
may  be  weighed,  dioBolyed  in  dilute  sulphuric  acid,  made  up  to  2,000  grains  measure, 
and  the  solution  thus  obtained  employed  instead  of  that  of  the  crystallized  proto- 
sulphate.— W.J.W. 

OBZK>XOrOBM.  When  a  mixture  of  chlorine  and  j;aseous  chloride  of  methyl 
is  exposed  to  the  sun's  ra^  chloroform  is  produced.  It  is  prepared  usually  W  dis- 
tilling alcohol  with  ehlonde  of  lime.  It  is  used  to  produce  insensibility.  See  natts^s 
'  Dictionary  of  Ohemistiy.' 

CKMMSt09MMMMm  A  name  giyen  to  some  of  the  yarieties  of  fluor  spar,  which 
emit  a  phosphorescent  light  when  heated.    See  Fluob  Spab. 

OHXiOBOnnrxA.  The  green  colouring  matter  oi  leayes  and  other  herbaceous 
parts  of  plants. 

CMOCOltMTWL  (Eng.  and  Oer. ;  CkoeoUU,  Fr.)  This  is  an  alimenta:^  prepara- 
tion of  yery  ancient  use  in  Mexico,  fiH)m  which  country  it  was  introduced  into 
Europe  by  the  Spaniards  in  the  year  1520,  and  by  them  long  kept  a  secret  from  the 
rest  of  uie  world.  linnaus  was  so  fond  of  it,  that  he  gaye  the  specific  name, 
Theobroma^  *  fbod  of  the  gods,'  to  the  cacao  tree  which  produced  it  The  cacao-beans 
lie  in  a  fruit  somewhat  hk&  a  cucumber,  about  5  inches  long  and  3|  thick,  which 
contains  from  20  to  30  beans,  arranged  in  6  regular  rows  with  partitions  between, 
and  which  are  surrounded  with  a  rose-coloured  spongy  substance,  like  that  of  water 
melons.  There  are  fruits,  howeyer,  so  luge  as  to  contain  fi^m  40  to  60  beans. 
Those  grown  in  the  West  India  islands,  Berbiee,  and  Demersra,  are  much 
smaller,  and  haye  only  trcm  6  to  15  beans ;  their  deyelopment  being  less  perfect  than 
in  South  America.  After  the  maturation  of  the  frmt,  when  t^eir  green  colour 
has  changed  to  a  dark  yellow,  they  are  plucked,  opened,  their  beans  cleared  of 
the  marrowy  substance,  and  spread  out  to  dry  in  me  air.  like  almonds,  they 
are  coyered  with  a  thin  skin  or  husk.  In  the  West  Indies  they  are  immediately 
packed  up  for  the  market  when  they  are  dried ;  but  in  the  Caraocas  they  are  sub- 
jected to  a  spedes  of  slight  fermentation,  by  putting  them  into  tubs  or  chests,  coyering 
them  with  boards  or  stones,  and  turning  them  oyer  eyery  morning,  to  equaUse  the 
operation.  They  emit  a  good  deal  of  moisture,  lose  the  natural  bitterness  and  acri- 
mony of  their  taste  by  this  process,  as  well  as  some  of  their  weight  Instead  of 
wooden  tubs,  pits  or  trenches  dug  in  .the  ground  are  sometimes  had  recourse  to  for 
curing  the  beans ;  an  operation  oidled  eartlSng  {terrer),  The^r  are  lastly  exposed  to 
the  sun  and  dried.  The  latter  kind  are  redconed  the  best,  being  larger,  router,  of 
a  darker  brown  colour,  and  when  roasted,  throw  off  their  husk  readily,  and  split  into 
seyeral  irregular  fhigments ;  they  haye  an  agreeable  mild  bitterish  taste,  without 
acrimony.  The  Guiana  and  West  India  sorts  are  smaller,  flatter,  smoother  skinned, 
lighter  coloured,  more  sharp  and  bitter  to  t^e  taste.  They  answer  best  for  the  ex- 
traction of  the  butter  of  cacao,  but  i^ord  a  less  aromatic  and  agreeable  chocolate. 
According  to  Lampadius,  the  kernels  of  the  West  India  cacao-beans  contain,  in  100 
parts,  besides  water,  58*1  of  fat  or  oil,  16'7  of  an  albuminous  brown  matter,  which 
contains  all  the  aroma  oi  the  bean,  10*91  of  starch,  7'75  of  gum  or  mudlage,  00  of  Ug- 
nine,  and  20 1  of  a  reddish  dye  stuff,  somewhat  akin  to  the  pigment  of  oochine^ 
The  husks  form  12  per  cent  of  the  weight  of  the  beans ;  they  contain  no  flat,  but, 
besides  lignine,  or  woody  fibre,  which  constitntes  half  their  weight,  th^  yield  a  light 
brown  mucilaginous  extract  by  boiling  in  water.  Hie  fiitty  matter  is  of  the  con- 
sistence of  tallow,  white,  of  a  mild  agreeable  taste,  called  butter  of  cacao,  and  not  apt 
to  turn  rancid  by  keeping.  It  melts  only  at  122^  F.,  and  should,  therefore,  make 
tolerable  candles.  It  is  soluble  in  boiling  alcohol,  but  precipitates  in  the  cold.  It  is 
obtained  by  exposing  the  beans  to  strong  pressure  in  canyas  bags,  after  they  haye 
been  steamed  or  soaked  in  boiling  water  for  some  time.  From  5  to  6  ounces  of  butter 
may  be  thus  obtained  from  a  pound  of  cacao.  It  has  a  reddi^  tinge  when  first 
expressed,  but  it  becomes  white  by  boiling  with  water. 

The  beans,  being  freed  from  all  spoiled  and  mouldy  portions,  are  to  be  gently 
roasted  oyer  a  fire  in  an  iron  cylinder,  with  holes  in  its  ends  for  allowing  the  yaponrs 
to  escape ;  the  apparatus  being  similar  to  a  coffee-roaster.  When  the  aroma  begins 
to  be  well  deyeloped,  the  roasting  is  known  to  be  finished ;  and  the  beans  must  be 
turned  out,  cooled,  and  freed  by  £nning  and  sifting  from  their  husks.  The  kernels 
are  then  to  be  conyerted  into  a  paste  by  trituration  in  a  mortar  heated  to  180^  F., 
or  by  the  following  ingenious  and  powerftil  machine.  The  chocolate  paste  has 
usually  in  France  a  Httle  yanilla  incorporated  with  it,  and  a  considerable  ouantity  of 
sugar,  which  yaries  from  one-third  of  its  weight  to  equal  parts.  For  \\  lb.  of  caeao 
one  pod  of  yanilla  is  sufOcient  The  roasted  beans  soon  lose  their  flayourlQfeipoian 
to  the  air. 
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1^.  462  lepiesents  the  chocolate  milL  Upon  the  sole  a,  made  of  marble,  six 
com<^  loUezB  b  b  are  made  to  ran  by  the  reyolution  of  the  upright  axis  or  shaft 
q,  driyen  by  the  agency  of  the  fly-wheel  b  and  beyel  wheels  i  k.  The  solo  A  rests 
upon  a  strong  iron  plate,  which  is  heated  by  a  small  stoye,  introduced  at  the  door  h. 
llie  wooden  framework  f  forms  a  ledge,  a  few  inches  high,  ronnd  the  marble  slab,  to 
confine  the  cocoa  in  the  act  of  trituration,  o  is  the  hopper  of  the  mill  through  which 
the  roasted  beans  are  introduced  to  the  action  of  the  rollers,  passing  first  into  the  flat 
yessel  d,  to  be  thenee  eyenly  distributed.  After  the  cacao  has  receiyed  the  flrst 
tritoration,  the  paste  is  returned  upon  the  slab,  in  order  to  be  mixed  with  the  proper 

462 


quantity  of  sugar  and  yanilla,  preyiously  sliced  and  ground  up  with  a  little  hard 
sugar.  When  the  chocolate  is  sufficiently  worked,  and  while  it  is  thin  with  the  heat 
and  trituration,  it  must  be  put  carefully  into  the  proper  moulds.  If  introduced  too 
warm,  it  will  be  apt  to  become  damp  and  dull  on  the  surface ;  and,  if  too  cold,  it  will 
not  take  the  proper  form.  It  must  be  preyiously  well  kneaded  with  the  hands  to 
ensure  the  expulsion  of  eyezy  air  bubble. 

In  Barcelona,  chocolate  mills  on  this  construction  are  yeiy  common,  but  they  are 
turned  bya  horse-gin  set  to  work  in  the  under  story,  corresponding  to  h  in  the  aboye 
figure.  The  shaft  o  is,  in  this  case,  extended  down  through  the  marble  slab,  and  is 
surrounded  at  its  centre  with  a  hoop  to  preyent  the  paste  coming  into  contact  with  it. 
Each  of  these  horse-mills  turns  out  about  ten  pounds  of  fine  chocolate  in  the  hour, 
£rom  a  slab  two  feet  seyen  inches  in  diameter. 

Chocolate  is  flayoured  with  cinnamon  and  doyes  in  seyeral  countries,  instead  of 
the  more  expensiye  yanilla.  In  roasting  the  beans  the  heat  should  be  at  first  yery 
slow,  to  fi^ye  time  for  the  humidity  to  escape  ;  a  ^uick  fire  hardens  the  surface,  and 
injures  the  process.  In  putting  the  paste  into  the  tm  ]^late,  or  other  moulds,  it  must 
be  well  shaken  down,  to  insure  its  filling  up  all  the  cayities,  and  giying  the  sharp  and 
polished  impression  so  much  admired  by  connoisseurs.  Chocolate  is  sometimes  adul- 
terated with  starch ;  in  which  case  it  will  form  a  mass  pasty  of  consistence  when  treated 
with  boilinff  water.  The  harder  the  slab  upon  which  the  beans  are  triturated  the 
better ;  and  thence  porphyry  is  far  prefraable  to  marble.  Ibe  grinding  rollers  of  the 
mill  should  be  made  of  iron,  and  kept  yery  clean. 

.  Fia.  468  represents  the  chocolate  mills  at  theyictualling-yard,  Beptford,  as  mounted 
by  the  celebrated  engineers,  Messrs.  Kennie.  There  are  four  double  mill-stones, 
A,  B,  c,  D,  each  three  feet  in  diameter,  of  which  the  nether  rests  upon  a  bed  of  cast- 
iron,  like  a  drum-head,  kept  at  the  temperature  of  about  220°  by  the  admission  of 
steam  to  the  case  below.  Oyer  each  mill  there  is  a  feedin^^  hopper,  1,  2,  8,  4,  in 
communication  by  the  pipes  5,  6,  7>  8,  with  the  general  reser70ir  ■,  charged  upon  the 
floor  aboye  with  &e  cocoa  through  the  fhnnel  placed  oyer  it.  The  yertical  shafts  which 
toxn  theee  mills  are  xnaxked,  f,  o,  h,  l  ;  they  are  moyed  by  the  train  of  berel-wheels 
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abore,  which  are  driyen  by  an  arm  from  the  main  shaft  of  the 
steam-engine.  Each  mill  can,  of  course,  be  thrown  in  and  oat 
of  gear  at  pleasure.  At  i,  i,  i,  i,  the  dischaige-spouts  are  shown, 
which  pour  out  the  semi-fluid  hot  chocolate  into  shallow 
cylindrical  tin  pans,  capable  of  containing  about  nine  pounds 
of  chocolate  eadi.  These  four  mills  are  capable  of  conyerting 
upwards  of  a  ton  of  cocoa  into  good  chocolate  in  a  day,  on  the 
system  of  double  trituration. 

Fig,  464  is  an  end  yiew  of  one  of  the  chocolate  mills,  with  iti 
mitre-gearing. 

Our  Importation  of  chocolate  or  cocoa  paste  were,  in  1871  and 
1872,  as  follows  (when  the  duty  was  2d,  per  lb.,  which  is  the  duty 
that  was  settled  by  the  Customs  on  June  4, 1853) : — 
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From  Fiance 
„      other  Cormtries . 

1871 
lbs.                TBlne 
56,426            £5,618 
22,075               1,621 

1873 

lbs. 

Talne 

56,426 

£5,613 

22,076 

1,621 

Total      .        .   78,601  £7,284  78,501  7,234 

CMOMM  BAMVy  4fter  Bcmvp,  Black  Damp.  Terma  employed  l^  miners  for 
the  atmosphere  of  coal-mines,  after  an  explosion  of  fire-damp,  which  is  nsuallj  air 
deprived  a£  its  oxygen  and  laigelj  mixed  with  carbonic  add.  Choke  damp  is  also  nsed 
to  express  the  atmosphere  of  carbonic  acid,  which  accnmnlates  in  deserted  shafts,  in 
abandoned  workings,  in  wells,  or  in  brewers'  vats.  It  is  removed  by  throwing  lime- 
water  into  the  space  it  oocnpies,  and  aatating  the  air. 

OK&OMO-liZTHOCHUILVBT.    Printing  in  colonrs  £rom  lithographic  stones. 

See  LiTHOOBAFHT. 

OlTftOM  A  BOO W.    An  instrument  for  showing  colours. 

OBHOMATBS.  Saline  compounds  of  chromic  acid  with  bases ;  or,  chromic  add 
in  which  the  hydrogen  is  replaced  by  a  metal.    See  Chbouixtm  and  Ghbomio  Acid. 

OB&OMLA.TB8  OV  KXAB.  Some^of  these  compounds  occur  native,  forming 
the  minerals  known  as  OrocoiaiU  and  Mdanochroite.  The  chromates  of  lead  are  also 
prepared  artifidally,  and  largely  used  as  pigments,  the  neutral  chromate  forming 
Chrome  Yellow,  and  the  basic  chromate  Chrome  Red.  The  chrome  yellow  of  the  painter 
is  a  rich  pigment  of  various  shades,  from  deep  orange  to  the  palest  canary  yellow.  It 
is  made  by  adding  a  limpid  solution  of  the  neutral  diromate  of  potash,  to  a  solution 
equally  limpid  of  acetate  or  nitrate  of  lead.  A  precipitate  &ll8,  which  must  be  well 
washed  and  carefully  dried  out  of  the  reach  of  any  sulphuretted  vapours.  A  lighter 
shade  of  yellow  is  obtained  b^  mixing  some  solution  of  alum  or  sulphuric  add  with 
the  chromate  before  pouring  it  into  £e  solution  of  lead ;  and  an  orange  tint  is  to  be 
procured  by  the  addition  of  subacetate  of  lead  in  any  desired  proportions. 

It  was  ascertained  by  MM.  Biot  and  Delisse,  that  the  proportion  of  chromic  add  in 
chromate  of  lead  may  be  much  diminished  without  any  injury  to  the  colour,  and  that 
the  same  colour  is  produced  with  26  ^)arts  of  neutral  duromate  for  100  of  chrome  yellow, 
as  when  64  parts  are  used.  They  give  the  following  formnla  for  the  preparation  of 
this  pigment : — ^Acetate  of  lead  is  dissolved  in  water,  and  sulphuric  acid  in  quantity 
necessary  to  convert  the  oxide  of  lead  into  sulphate  is  added.  The  dear  liquid  contains 
acetic  add  and  may  be  drawn  ofi^  and  preserved  for  the  preparation  of  fresh  acetate  of 
lead.  The  sulphate  of  lead  is  washed  and  treated  witii  a  hot  solution  of  neutral 
chromate  of  potash,  26  parts  being  used  for  every  76  parts  of  sulphate  of  lead.  The 
liquid  then  contains  sulphate  of  potash  which  may  be  made  available,  and  thepredpi- 
tate  consists  of  chromate  of  lead. 

Chrome  yellow  may  be  prepared  according  to  liebig,  by  digestinff  sulphate  of  lead 
in  a  warm  solution  of  chromate  of  jpotash.  It  may  also  be  obtamed  by  digesting 
100  parts  of  freshly-predpitated  chloride  of  lead  with  47  parts  of  bichromate  of  potash. 
This  is  Anthon's  process^ 

To  prepare  chrome  red,  Bung^  directs  an  intimate  mixture  to  be  made  of.  448  lbs. 
of  litharge,  60  lbs.  of  common  salt,  and  500  lbs.  of  water.  As  soon  as  the  mass 
becomes  white  and  swells  up  considerably,  more  water  is  added  to  prevent  it  £rom 
becoming  too  hard.  After  four  or  five  days,  the  mass  becomes  a  compound  of  chloride 
and  hydrated  oxide  of  lead.  Without  separating  the  mother-liquor,  which  contains 
undecomposed  chloride  of  sodium  and  soda,  160  lbs.  of  powdered  bichromate  of  potash 
are  to  be  added,  and  the  whole  well  stirred  together,  and  finally  washed. 

liebig  and  Wohler  contrived  a  process  for  produdng  a  subchromate  of  lead  of  a 
beautiful  vermilion  hue.  Into  saltpetre,  brought  to  fusion  in  a  crudble  at  a  gentle 
heat,  pure  chrome  yellow  is  to  be  thrown  by  small  portions  at  a  time.  A  strong 
ebullition  takes  place  at  each  addition,  and  the  mass  becomes  black,  and  continues 
so  while  it  is  hot  The  chrome  yellow  is  to  be  added  till  little  of  the  saltpetre 
remains  undecomposed,  care  being  taken  not  to  overheat  the  crudble,  lest  the  colour 
of  the  mixture  should  become  brown.  Having  allowed  it  to  settie  for  a  few  minutes, 
during  which  the  dense  basic  salt  &lls  to  tiie  bottom,  the  fiuid  part,  consisting  of 
chromate  of  potash  and  saltpetre,  is  to  be  poured  ofi^  and  it  can  be  employed  again  in 
preparing  duome  yellow.  The  mass  remaining  in  the  crudble  is  to  be  wash^  with 
water,  and  the  chrome  red  being  separated  from,  the  other  matters,  it  is  to  be  dried 
after  proper  edulcoration.  It  is  essential  for  the  beauty  of  the  colour,  that  the  saline 
solution  should  not  stand  long  over  the  red  powder,  because  the  colour  is  thus  apt  to 
become  of  a  dull  orange  hue.  The  fine  crystalline  powder  subsides  so  quickly  to  the 
bottom  after  every  ablution,  that  the  above  precaution  may  be  easily  observed. 

0B&01ISATB8  or  POTASH.  Three  of  these  salts  are  known,  but  only  two 
of  them  are  used  in  the  arts,  namely,  the  neutral  chromate  of  potash  KO.CrO* 
(XHJrO^,  and  the  add  <a  bichromate  of  potash,  K0.2CrO*  (X*Cr*0'). 
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The  neutral  ehromate  is  a  yellow  salt^  prepaared  by  heating  chrome  iron-ore  with  a 
salt  of  potash.    It  contains : — 

Potash 48^   • 

Chromic  acid 62*0 

1000 

The  value  of  asdntion  of  ehromate  of  potash,  if  it  be  tolerably  pore,  may  be  infened 
from  its  sgtcaAo  grarity  by  the  following  table : — 

At  specific  gravity  1*28  it  contains  about  60  per  cent  of  the  salt 

1-21  .,  „  88 

M8  „  „  25 

115  »  „  20 

1-12  „  „  16 

Ml  ,.  „  14 

MO  „  „  12 

The  aoid  oktomate  or  btohromaU  (called  b^  modem  ehemiste  the  dMtwmiU  or 
ankvdroohrofnate  of  potoBrium)  is  a  red  salt,  iHiich  by  slow  ooolinff,  ni^  be  obtained 
in  the  form  of  square  tables,  with  bevelled  edges,  or  fiat,  fourHuded  prisms,  llieyare 
permanent  in  the  air,  have  a  metalHe  and  bitter  taate,  and  dissolve  in  about  one-tenth 
of  thdr  wd^t  cf  water  at  80^  F.,  but  in  one  half  of  their  weight  of  boiling  water. 
The  oompofition  of  bichromate  of  potash  is:  potash,  81*8 ;  chr<nnio  aeid,  88*4.  ^ 

In  making  the  red  bichromate  of  potash  from  solutions  of  the  jrellow  salt,  nitric  acid 
was  at  first  chiefly  used ;  but  in  consequence  of  its  relatively  high  price,  sulphuric, 
muriatic,  or  aoetic  acid  has  been  frequently  substituted  iqK>n  the  large  scale. 

(For  the  preparation  of  both  these  salts  refer  to  Chromb  Jmok,) 

These  salts  are  much  employed  in  Oauoo  Pmn'mu  and  in  Dtbdw*  Thebidiromate 
of  potash  is  also  used  in  the  ^otographicproeess  known  as  Oarbon-printing;  a  sensitive 
surface  being  obtained  by  bichromate  of  potash  and  gelatine.  Another  modem  use 
of  the  bichrmnate  is  in  a  convenient  form  of  galvanic  cell,  where  it  serves  to  Oizidiie 
the  hydrogen  set  free  by  the  action  of  an  acid  upon  one 

Chromate  of^  Fdaah^  JduUeratkm  qf,  to  deteot.^-The  ehromate  of  potsah  has  the 
power  of  combining  with  other  salts  iqp  to  a  certain  extent  without  any  veiy  sensiUe 
change  in  its  form  and  appearance ;  and  hence  it  has  been  sent  into  the  market 
falsified  by  very  considerable  quantities  of  sulphate  and  muriate  of  potash,  the  pre- 
sence of  which  has  often  escaped  observation,  to  the  great  loss  of  the  dyers  who  use 
it  so  extensively.  The  following  test  process  has  been  devised  by  JL  Zuber,  of 
Hulhouse :  —Add  a  large  excess  of  tartaric  acid  to  the  chromate  in  question,  which 
will  decompose  it  and  produce  in  a  fow  minutes  a  deep  amethyst  colour.  The 
supernatant  liquor  will,  if  the  chromate  be  pure,  afford  now  no  precipitate  with  the 
nitrates  of  ba|nrta  or  silver ;  idience  the  absence  of  the  sulphates  and  muriates  may 
be  inferred.  We  must  however,  use  dilute  solutions  of  the  diromate  and  add,  lest 
bitartrate  of  potash  be  precipitated,  whidi  will  take  place  if  less  than  80  parts  of 
water  be  emfuoyed.  Kor  must  we  test  the  liquid  till  the  decomposition  be  complete, 
and  until  the  colour  verge  rather  towards  the  green  than  the  yellow.  Eight  parts  of 
tartaric  add  should  be  added  to  one  of  diromate  to  obtain  a  sure  and  rapid  reaolt 
If  nitrate  of  potash  (saltpetre)  is  the  adulterating  ingredient  it  may  be  detected  by 
throwing  it  on  burning  coals,  when  defiagration  will  ensue.  The  green  colour  is  a 
certain  mark  of  the  transformation  of  the  chromic  add  partially  into  the  chrome  oxide; 
which  is  efibcted  equally  by  the  sulphurous  add  and  sulphuretted  hydrogen.  Here 
this  metallic  add  is  deoxygenated  by  the  tartaric,  as  has  been  long  known.  The  tests 
which  I  should  prefer  are  the  nitrates  of  silver  and  baryta,  having  previously  added 
so  much  nitric  add  to  the  solution  of  the  suspected  chromate  as  to  prevent  the  pre- 
dpitation  of  the  chromate  of  silyer  or  baryta.  The  smallest  adulteration  by  sulphates 
or  muriates  will  thus  be  detected. 

A  mixture  of  sulphate  of  soda  and  chloride  of  sodium  tinged  with  strong  solutioa 
of  chromium  is  sometimes  sold  for  pure  bichromate  of  potash. — H.  H.  K. 

CBMOWULTYWMm    A  photographic  process.    See  Photoobapht. 

CrmiOKf  A  TYXKHMUPHY.  A  ^nch  process  for  printing  letter-press  in 
colours.    

CBM^TKM  AIiVM.  A  double  sulphate  of  sesquioxide  of  chromium  and  potash. 
It  is  obtained  as  a  by-product  in  the  preparation  of  the  aniline  colours,  and  is  some- 
times used  in  dyeing.    See  Ai.t71c. 

CBmoim  a/MMMMm  This  term  is  applied  both  to  the  green  oxide  (sesquioxide) 
of  chromium,  and  to  a  green  pigment  prepared  by  mixing  chr^e  yellow  with  Brussiaii 
bine. 
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I  OF  OSIU>lEZTB.  TheoiUyoTeof  bhromiiimwhichoociinin 
Bufflcienb  abnndaiioe  foor  the  v^oi^obgb  of  art  is  the  octahedral  chrome  ore,  commonly 
called  chromate  of  iron,  though  it  is  rather  a  compoond  of  the  oxides  of  chromium  and  <^ 
iron.  It  is  formed  on  the  t^pe  of  magnetic  iron-ore,  being  a  combination  of  a  protoxide 
fnth  a  sesqnioxide — the  protoxide  mctol  in  chrome  iron-ore  being  chiefly  iron,  and  the 
seequioxide  metal  chiefly  chromimn ;  hence,  the  formula  is  FeO.(&0.'  (VeOrHI^).  The 
fracture  of  this  mineral  is  imperfect  oonchoidal,  or  uneven.  Hardness  »  5*5 ;  specific 
gravity  4'4  to  4*5 ;  but  the  usual  chrome  ore  found  in  the  market  varies  from  8  to  4. 
It  lustre  is  semi-metallio  or  resinous ;  colour,  iron  or  brownish  black ;  streak,^ellowish 
to  reddish  brown.  It  is  sometimes  magnetic  Before  the  blowf^pe  it  is  infusible 
alone,  but  in  borax  it  is  slowly  soluble,  forming  a  beautiful  emerald-green  bead ; 
fused  with  nitre  it  forms  a  yellow  solution  in  water. 

Chrome  ore  was  first  discovered  in  the  Var  department  in  France ;  it  is  also  found, 
chiefly  in  serpentine,  in  Saxony,  Silesia,  Bohemia,  Transylvania,  the  Banat,  and  Styria ; 
in  Norway  at  Boraas,  in  the  Ural  near  Eatherinenbeig,  in  the  United  States  at  the 
Barehills  near  Baltimore,  Chester  in  Massachusetts,  and  Hoboken  in  Kew  Jersey.  In 
Scotland  it  is  found  in  the  parishes  of  Kildrum  and  Towie  in  Aberdeenshire,  in  the  lime- 
stone near  Portsoy  in  Banfi&hire,  near  Ben  Lawes  in  Perthshire,  and  at  Buchanan  in 
Stirlingshire.  It  occurs  massive  and  in  considerable  quantity  in  serpentine-rocks  at 
Swinaness,  and  Haroldswiek  in  Unst,  one  of  the  Shetlands ;  in  Eetlar  and  in  other 
of  the  smaller  Shetland  Islands. 

Oomponikm  of  Chrome  Iron  Ores, 


Seequioxide  of  Chromium   . 

Protoxide  of  Iron 

Alu^nji^a     ..... 

Magnesia 

Silica 

1 

2 

8 

4 

1 
5 

36*0 
87-0 
21-6 

5-0 

54-08 

25-66 

9-02 

5-36 

4-88 

89-51 
8600 
18-00 

10150 

6004 

2018 

11-85 

7-45 

48*00 
84-70 
20-80 

2-00 

99-5 

98-95 

99*11 

99*47 

100-00 

(1}  from  St.  Domingo,  analyaed  l^Berthier ;  (3)  from  BJJraas,  in  Norway,  snalried  by  Yon  Kobell ; 
(8)  from  Baltimore,  analyaed  by  Seybvt ;  (4)  oryitelllsed,  from  Baltimore,  analysed  Ij  Abiafa ;  (9) 
analysed  by  £lai»otb. 

The  chief  application  of  this  ore  is  to  the  production  of  Chromate  of  Potash,  from 
which  salt  the  various  other  preparations  of  this  metal  used  in  the  arts  are  obtained. 

l^eaimerU  of  the  Ore. — ^According  to  the  old  method  it  is  reduced  to  a  flne  powder, 
by  being  ground  in  a  mill  under  ponderous  edge-wheels,  and  sifted.  It  is  then  mixed 
with  one  third  or  one  half  its  weight  of  coarsely-bruised  nitre,  and  exposed  to  a 
powerful  heat  for  several  hours,  on  a  reverberatoiy  hearth,  where  it  is  stirred  about 
occasionally.  In  the  large  manufactories  of  this  country,  the  ignition  of  the  above 
mixture  in  pots  is  laid  aidde  as  too  operose  and  expensive.  The  calcined  matter  is 
raked  out  and  lixiviated  with  water.  The  bright  yellow  solution  is  then  evaporated 
briskly  and  the  chromate  of  potash  faUs  down  in  tiie  form  of  a  granular  salt,  which  is 
lifted  out  from  time  to  time  £rom  the  bottom  with  a  large  ladle,  perforated  with  small 
holes,  and  thrown  into  a  draining  box.  The  saline  powder  may  be  formed  into  regular 
crystals  of  neutral  Chromate  qf  Potash^  by  solution  in  water  and  slow  evaporation ; 
or  it  may  be  converted  into  a  more  beautiful  crptalline  body,  the  Bichromate  of 
Potash^  by  treating  its  concentrated  solution  with  nitric,  muriatic,  sulphuric,  or  acetic 
acid,  or  indeed  any  acid  exercising  a  stronger  afi&nity  for  the  second  atom  of  the 
potash  than  the  chromic  acid  does. 

The  first  great  improvement  in  this  manfacture  was  the  dispensing  with  nitre, 
and  oxidising  entirely  by  means  of  air  admitted  into  the  reverberatory  furnace,  in 
which  the  ore  mixed  with  carbonate  of  potash  is  calcined.  Stromeyer  afterwards 
suggested  the  addition  of  lime,  by  which  the  oxidatibn  was  much  quickened,  and  Mr. 
Charles  Watt  substituted  the  sulphates  of  potash  and  soda  for  the  nitrates  of  those 
alkalis.  The  sulphate  was  first  intimately  mixed  with  the  ground  ore,  and  then  the 
lime  well  incorporated  with  the  mixture,  which  was  heated  to  bright  redness,  for  four 
hours  with  frequent  stirring. 

In  1847  Mr.  lilgmann  obtained  a  patent  for  the  use  of  felspar  in  the  manufiicture 
of  certain  alkaline  salts,  and  amongst  them  of  chromate  of  potash :  he  directs  4  parts 
by  weight  of  felspar,  4  parts  of  lime,  or  an  equivalent  quantity  of  carbonate  of  lime, 
and  one  part  of  chromic  ore,  all  in  fine  powder,  to  be  intimately  mixed  together,  and 
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Icept  at  a  bright  red  heat  for  £rom  18  to  20  hours  in  a  rererberatoiy  furnace,  the  mix- 
ture being  turned  oyer  frequently,  so  that  all  parts  may  be  exposed  equally  to  heat 
and  air;  the  temperature  is  not  to  rise  high  enough  to  cause  eyen  incipient  Vision,  and 
the  charge  should  be  kept  in  a  porous  state ;  when,  on  being  examined,  the  charge  is 
found  to  contain  the  proper  quantity  of  alkaline  chromate,  it  is  withdrawn  from  the 
f^imace  and  lixiyiated  with  water. 

In  treating  chromium  (chromate  of  iron),  the  ore  is  pulyerised  and  mixed  with 
common  salt,  muriate  of  potash,  or  hydrate  of  lime,  and  exposed  in  a  reyerberatory 
furnace  to  a  red  or  eyen  a  white  heat,  the  mixture  being  stured  eyery  ten  or  fifteen 
minutes,  and  steam  at  a  yery  eleyated  temperature  introduced  during  the  operation, 
until  the  desired  effect  is  obtained,  which  may  be  ascertained  by  witiidrawin^  a 
portion  f]?om  the  fomace  and  testing  it,  as  customary.  The  products  of  this  operati<m 
are  finallj^^  treated  in  the  manner  usual  for  the  chromic  and  bichromic  salts. 

The  mixture  of  chromium  and  common  salt  produces  chromate  of  soda,  the  greater 
portion,  or  perhaps  all  of  the  iron  contained  in  the  chromium  being  absorbed  by  Uie 
hydrochloric  acid  eyolyed  from  the  salt,  and  carried  off  in  the  form  of  sesquichloride 
of  iron.  From  the  first  mixture  is  manufEictured  pure  bichromate  of  soda,  which,  by 
the  addition  of  hydrochloric  acid,  may  be  conyerted  into  chlorochromate ;  and  from  the 
last,  or  lime  mixture,  is  produced  a  chromate  of  that  earth,  from  which,  by  the 
addition  of  soda  or  potash,  there  may  be  obtained  a  compound  salt,  which,  with  those 
preyiously  mentioned,  may  be  adyantageously  employed. 

M.  Jacquelin  first  prepares  chromate  of  lime  if  calcining  at  a  bright  red  heat  in 
a  reyerberatory  furnace,  for  9  or  10  hours,  an  intimate  mixture  of  chalk  and  chrome 
ore.  The  friable  and  porous  mass  is  then  crushed,  suspended  in  water,  and  sulphuric 
acid  added  until  the  liquid  slightly  reddens  blue  litmus-paper ;  the  chromate  of  lime 
is  herel^  conyerted  into  bichromate ;  chalk  is  now  added,  until  the  whole  of  the 
sesquioxide  of  iron  is  precipitated,  and  the  clear  liquid,  which  now  contains  only 
bichromate  of  lime  and  a  little  sulphate,  may  be  used  for  the  preparation  of  the  in- 
soluble chromates  of  lead,  zinc,  baryta,  &c.,  by  mixing  it  with  the  acetates  or  chlorides 
of  these  metals.  To  prepare  bichromate  of  potash,  Uie  bichromate  of  lime  is  mixed 
with  solution  of  carbonate  of  potash,  which  giyes  rise  to  insoluble  carbonate  of  lime, 
which  is  easily  washed,  and  a  solution  of  bichromate  of  potash  which  is  concentrated 
and  set  aside  to  crystallise. 

Mr.  Booth  (patent  sealed  Koy.  9th,  1852)  mixes  powdered  chrome  ore  with  one- 
fifth  of  its  weight  of  powdered  charcoal,  and  heats  it  on  the  hearth  of  a  reyerberatoiy 
furnace,  protecting  it  carefully  from  the  ab.  The  ore  is  by  this  means  decomposed, 
and  the  iron  reduced  to  the  metallic  state,  and  is  dissolyed  out  by  dilute  snlphurie 
acid ;  the  residue  is  washed  and  dried,  and  afterwards  mixed  with  carbonate  of  potash 
and  salpetre,  and  heated  in  the  same  manner  that  the  chrome  ore  itself  is  heated  in 
the  process  usually  employed.  The  solution  of  sulphate  of  iron  is  eyaporated  to 
crystallisation  so  as  to  produce  copperas  in  a  state  adapted  for  commerce. 

Analysis  of  Chrome  Iron  Ore. — ^Various  methods  haye  been  proposed.  The  following, 
suggested  by  Mr.  T.  S.  Hunt,  giyes  accurate  results : — The  ore,  finely  leyigated  in  an 
agate  mortar,  is  mixed  with  10  or  12  times  its  weight  of  Aised  bisulphate  of  potash, 
and  preseryed  at  a  gentle  heat  for  about  half  an  hour.  The  fused  mass  is  extracted 
with  hot  water,  and  boiled  for  a  few  minutes  with  excess  of  carbonate  of  soda ;  the 
precipitate  is  dried  aud  fused  with  fiye  times  its  weight  of  a  mixture  of  equal  parts 
of  nitre  and  carbonate  of  soda,  in  a  platinum  or  sUyer  crucible.  The  mixture  is 
kept  in  fusion  for  10  or  16  minutes,  and  when  cold  is  extracted  with  water.  The 
alkaline  chromate  thus  obtained  may  be  precipitated  by  a  salt  of  lead,  or  it  may  be 
supersaturated  by  hydrochloric  add,  and  boiled  with  alcohol,  by  which  it  is  conyerted 
into  chloride  of  chromium,  from  which  the  oxide  is  to  be  precipitated  by  adding 
ammonia  in  excess  and  boiling  for  a  few  minutes.  Chrome  iron  ore  is  so  difiScult 
of  decomposition,  that  the  method  of  fusing  it  at  once  with  nitre  and  an  alkaKne 
carbonate  frequently  fails  in  oxidising  the  whole  of  the  chromium  into  chromic  acid. 

Mr.  Calyert  mixes  the  well-pulyerised  ore  with  three  or  four  times  its  weight  of  a 
mixture  made  by  slaking  quicklime  with  caustic  soda,  and  then  dries  and  calcines 
the  mass.  He  then  adds  one-fourth  part  of  nitrate  of  soda,  and  calcines  for  two  hours 
more,  by  whidi  time  he  finds  the  whole  of  the  chromium  is  conyerted  into  chromic 
acid.  Another  process,  which  Mr.  Calyert  finds  to  produce  good  results,  consists  in 
calcining  the  pulyerised  chrome  ore  with  nitrate  of  baryta,  adding  a  little  caustic 
potash  from  time  to  time  towards  the  end  of  the  process. — H.M.K. 

CB&OMB  RSB  and  CBHOMB  TBA&OHr.    See  Chboicatbs  of  Lbad. 

CB&OBCa  BTOn*  The  name  giyen  to  Chrome  Ochre  when  it  is  so  intimately 
mixed  with  the  rock  in  which  it  is  contained  as  only  to  be  separated  from  it  by  chemiod 
means.  Such  mixtures  are  met  with  at  Creuzot  in  France,  Waldenberg  in  Silesiai 
Mortenberg  in  Sweden,  and  elsewhere.    See  BristoVs  <  Glbssary  of  Sfineralogy. 
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lO  AOZB*  There  are  seyeral  methods  of  preparing  this  acid ;  the  sim- 
plest consists  in  decomposing  bichromate  of  potash  by  oil  of  vitriol: — 1.  An  excess 
of  oil  of  vitriol  is  mixea  wit£  a  warm  solution  of  bichromate  of  potash  ;  the  liquid  is 
poured  off  from  the  chromic  acid,  -vriiich  separates  in  small  red  crystals ;  the  crystals 
are  drained  in  a  Amnel  having  its  stem  partly  filled  irith  coarsely-pounded  glass,  and 
are  afterwards  dried  on  a  porous  tile  under  a  bell  glass :  2.  Mr.  Warrington  mixes 
10  measures  of  a  cold  saturated  solution  of  bichromate  of  potash  with  from  12  to  15 
measures  of  (Ai  of  vitriol  free  from  lead,  and  presses  the  red  acicular  crystals  which 
separate  as  the  liquid  cools,  between  porous  stones.  If  it  be  desired  to  remove  the 
last  traces  of  sulphuric  acid,  the  crystals  should  be  redissolved  in  water,  and  a  solution 
of  bichromate  of  baryta  should  be  added  in  quantity  just  sufficient  to  throw  down  the 
whole  of  the  sulphuric  acid  as  sulphate  of  baryta ;  the  solution  may  be  recrystallised 
by  evaporation  in  vacuo  i  8.  Heissner  prepares  the  add  direct  from  dmunate  of 
baryta  by  digesting  that  salt  with  a  quantity  of  dilute  sulphuric  add,  not  suffident 
for  oomj^bte  saturation :  the  solution  which  contains  chromic  add  and  add  chromate 
of  bazyta  is  predpitated  by  the  exact  amount  of  sulphuric  add  required,  so  that  the 
solution  is  idSfected  ndther  by  sulphuric  add,  nor  by  a  salt  of  baiyta :  it  is  then 
evaporated  to  diynees. 

Mr.  Charles  Wiatt  obtains  the  add  by  treating  chromate  of  baivta  with  considerable 
excess  of  pure  strong  nitric  add.  The  chromic  add  is  sepaiated  from  the  insoluble 
nitrate  of  baryta  hj  filtiation  through  asbestos,  and  the  solution  is  then  evaporated 
to  dryness,  wmle  nitric  add  is  expelled. 

GluEomic  add  is  obtained  in  quadrangular  crystals,  of  a  deep  red  colour;  it  has  a 
verv  acrid  and  styptic  taste.  It  reddens  ^wernilly  litmus-paper.  It  is  deliquescent 
in  the  air.  When  neated  to  redness,  it  emits  oxygen  and  passes  into  the  sesquicndde. 
When  a  little  of  it  is  ftised  along  with  vitreous  borax,  the  compound  assumes  an 
emerald  green  colour. 

As  chromic  add  parts  with  its  last  dose  of  oxygen  very  easily,  it  is  capable,  in 
certain  styles  of  calico-printing,  of  becoming  a  valuable  substitute  for  chlorine  where 
this  more  powerful  substance  would  not,  from  peculiar  circumstances,  be  admissible. 
For  this  ingenious  application,  the  arts  are  indebted  to  that  truly  sdentific  manu- 
£Eu;turer,  M.  Daniel  Tfcnchlin,  of  Mulhouse.  He  discovered  that  whenever  chromate  of 
potash  has  its  add  set  fr^  by  its  being  mixed  with  tartaric  or  oxalic  add,  or  a 
neutral  vegetable  substance  (starch  or  sugar,  for  example),  and  a  mineral  add,  a  very 
lively  action  is  produced,  with  disengagement  of  heat,  and  of  several  gases.  The 
result  of  this  decomposition  is  the  active  reagent  chromic  add,  possesdng  valuable 
properties  to  the  wintw.  Water-solutions  of  chromate  of  potash  and  tartaric  acid 
being  mixed,  an  eflferveseenoe  is  produced  which  has  the  power  of  destroying  vegetable 
colours.  But  this  power  lasts  no  longer  than  the  effervescence.  The  mineral  add^ 
react  upon  the  chromate  of  potash  only  when  vegetable  colouring  matter,  gum,  starch, 
or  a  vegetable  add,  are  present  to  determine  the  disengagement  of  gas.  During  this 
curious  change,  carbonic  add  is  evolved ;  and  when  it  takes  place  in  a  retort,  there  is 
condensed  in  the  recdver  a  colourless  liquid,  slightly  add,  exhaling  somewhat  of  the 
smell  d  vinegar,  and  containing  a  little  empyreumatic  oiL  This  liquid,  heated  with 
the  nitrates  of  mercury  or  silver,  reduces  these  metals.  On  these  principles  M.  Koechlin 
discharged  indigo-blue  by  passing  the  doth  through  a  solution  <^  chromate  of  potash, 
and  printing  nitric  add  Uuckened  with  gum  upon  certain  spots.  It  is  probable  that 
the  employment  of  chromic  add  would  supersede  the  necessity  of  having  recourse  in 
moDiy  cases  to  the  more  corrodTC  chlorine.— HJIN. 

Chromic  add  is  now  used  in  microscopy  for  hardening  the  preparations  of  soft 
tissues. 

CB&OMXTa.    See  Chbomb  Ibok-obb. 

CBBOaoUBI.  {^fmM,  Cr ;  Aiomo  vmght,  26*27.)  The  metallic  base  of  the 
oxide  of  chromium.  It  may  be  obtained  by  expodng  to  a  v^  high  temperature,  in 
a  crudble  lined  with  charcoal,  an  intimate  mixture  of  sesquioxide  of  chromium  and 
charcoal.  The  spongy  mass  obtained  is  powdered  in  an  iron  mortar,  and  mixed 
with  a  little  more  sesquioxide  of  chromium  ^to  oxidise  as  much  as  possible  of  the 
carbon) ;  it  is  then  again  exposed  in  a  porcelain  crudble  to  a  Tory  high  temperature, 
when  a  coherent  metal  is  obtained.  This  metal  is  greyish  in  colour,  hard  and  brittle, 
and  is  magnetic  at  low  temperatures.    It  has  recdved  no  tnractical  applications. 

OMBOMIIIMf  0»TBB  OV«  There  are  several  oxides  of  chromium,  known  to 
chemists,  but  the  only  one  used  in  the  arts  is  the  sesquioxide  (CrH)*),  known 
commonly  as  green  oxide  of  chromium.  This  has  come  so  extensively  into  use  as  an 
enamel  colour  for  porcelain,  that  a  filler  account  of  the  best  modes  of  manufacturing 
it  must  prove  acceptable  to  many  of  our  readers. 

That  oxide,  in  combination  with  water,  called  the  hydrate,  may  be  economically 
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prepared  by  boiling  ehromate  of  potash,  diflBolred  in  water,  with  half  its  WMgfat  of 
flowers  of  sulphur,  till  the  resulting  green  precipitate  ceases  to  increase,  which  may  be 
easily  ascertained  by  filtering  a  liUle  of  the  mixture.  The  addition  of  some  potesh 
accelerates  the  operation.  This  consists  in  combining  the  sulphur  with  the  oxygen 
of  the  chromic  acid,  so  as  to  form  sulphuric  acid,  whidi  tmites  with  the  potash  of  the 
ehromate  into  sulphate  of  potash,  while  the  Chrome  oxide  becomes  a  hydrate.  An 
extra  quantity  of  potash  feu^ilitates  the  deoxidatdon  of  the  chromic  acid  by  the  forma- 
tion of  hyposulphite  and  sulphide  of  potash,  both  of  which  hare  a  strong  attraction 
for  oxygen.  For  this  purpose  the  clear  lixivium  of  the  ehromate  of  potash  is 
sufficiently  pure,  though  it  should  hold  some  alumina  and  silica  in  solution,  as  it 
generally  does.  The  hydrate  may  be  fireed  from  particles  of  snlphur  by  heating 
dilute  sulphuric  acid  upon  it,  which  dissolves  it ;  after  which  it  may  be  precipitated, 
in  the  state  of  a  carbonate,  by  carbonate  of  potash,  not  added  in  excess. 

By  calcining  a  mixture  of  bichromate  of  potash  and  sulphur  in  a  crucible,  chrcmiic 
acid  is  also  decomposed,  and  a  hydrated  oxide  may  thus  be  obtained ;  the  sulphur  being 
partly  converted  into  sulphuret  of  potassium,  and  partly  into  sulphurio  aekl  (at  the 
expense  of  the  chromic  add^,  which  combines  with  the  rest  of  the  potash  into  a 
sulphate.  By  careful  lixiviation,  these  two  new  compounds  may  be  washed  away,  and 
the  chrome  green  may  be  freed  from  the  remaining  snlphur,  by  a  slight  heat. 

Another  method  of  preparing  green  oxide  of  chramium,  is  to  mix  intimately  45  parts 
of  gunpowder  with  240  parts  of  perfectly  drr  ehromate  of  potash,  and  85  parte 
of  chloride  of  ammonium  (sal-ammoniac),  reduce  to  powder,  and  pass  through  a 
fine  sieve ;  fill  a  conical  glass  or  other  mould  with  this  powder,  genuy  pressed,  and 
invert  so  as  to  leave  the  powder  on  a  porcelain  slab  of  any  kind.  When  set  on  fire 
at  its  apex  with  a  lighted  match,  it  will  burn  down  to  the  bottom  with  brilliant  corus- 
cations. The  black  residuum,  being  elutriated  with  warm  water,  afods  a  fine  biig^t- 
green  oxide  of  chromium. 

Preparation  of  Green  Oxide  of  Chromium  for  Oalioo-PritUing, — ^The  following  direc- 
tions are  given  hv  De  Kerrur.  At  the  commencement  of  the  process  the  green 
h^^drate  of  the  oxide  of  chromium  is  first  prepared  by  dissolving  4  kilc^giammes  of 
bichromate  of  potash  in  22  litres  (89  pints)  of  boiling  water.  Then  into  a  bdler  or 
vessel  containing  108  litres  (24  gallons)  of  boiling  water,  4  or  5  kil<)grammes  (8  or  10 
lbs.)  of  pulverised  white  arsenic  are  thrown,  and  boiled  for  10  minutes :  a  precipitate 
will  be  formed,  and  must  be  allowed  to  settle :  the  dear  liquor  is  then  run  o^  u>d 
immediately  mixed  with  the  solution  of  bichromate  of  potash,  stirring  all  the  time :  in 
a  short  time  the  mixture  acquires  a  green  tint,  and  the  hydrated  oxide  of  chromium 
wiU  be  formed  and  precipitated.  A^er  being  several  times  well  stirred,  and  allowed 
to  cool,  the  whole  is  thrown  upon  a  filter  of  white  wool,  and  the  hydrate  of  chromium 
remaining  on  the  filter  is  carefhlly  washed  with  boiling  water.  It  is  then  dried,  and 
ready  to  be  employed  for  the  preparation  of  the  chloride.  In  order  to  obtain  that  salt, 
hydrochloric  acid  of  22^  Baum6  is  diluted  with  water,  until  the  add  no  longer  gives 
off  vapour.  It  is  then  heated ,  and  whilst  hot,  as  much  of  the  hydrated  oxide  ot 
chromium,  prepaared  as  above,  is  added  as  will  saturate  the  teid  and  leave  a  slight 
excess  of  the  oxide  undissolved.  The  whole  is  then  left  to  settle,  and  the  dear  liquor 
is  decanted  from  the  dissolved  matter.  In  this  state  the  solution  of  chloride  of 
chromium  still  presents  some  traces  of  firee  add,  which  would  act  injuriously  upon  the 
fibres  of  the  cotton.  To  remove  this,  and  jx>  obtain  the  product  in  a  neutral  state, 
potash-ley  (marking  86^  Baum^)  is  poured  in  veiy  gradually,  until  the  oxide  of 
chromium  begins  to  be  predpitated.  The  solution  of  choride  of  chromium  thus  pre- 
pared, and  which  is  of  a  dark  green  colour,  is  evaporated  until  it  marks  46^  Baum6 ; 
after  cooling,  oxide  of  chromium  of  the  finest  green  colour  is  obtained.  This  prepara- 
tion is  sold  under  the  name  of  Sea-green. 

This  oxide  may  also  be  prepared  by  decomposing,  with  heat,  the  ehromate  of 
protoxide  of  mercury,  a  salt  xnado  by  adcUng  to  nitrate  of  protoxide  of  mercurr  (merca- 
rous  nitrate),  ehromate  of  potash,  in  equivalent  proportions.  This  ehromate  has  a  fine 
cinnabar  red,  when  pure ;  and,  at  a  dull  red  heat,  parts  with  a  portion  of  its  oogrgen 
and  its  mercurial  oxide.  From  M.  Dulong's  experiments  it  would  appear  that  the 
purest  ehromate  of  mercury  is  not  the  best  adapted  for  preparing  the  oxide  of  ehrome 
to  be  used  in  porcelain  painting.  He  thinks  it  ought  to  contain  a  little  oxide  of  man- 
ganese and  ehromate  of  potash  to  afibrd  a  green  mlour  of  a  fine  tint,  especially  fior 
pieces  that  are  to  receive  a  powerftd  heat.  Pure  oxide  of  ehrome  preserves  ito  colour 
well  enough  in  a  muffle  furnace;  but,  under  a  stronger  fire,  it  takes  a  dead-leaf 
colour.— H.M.N. 

A  hydrated  sesquioxide  of  chromium  is  used  as  a  green  pigment,  under  the  name  of 
Guionbt's  Gbebk. 

OBSOBtlUM,  BXiVB  OZIBB  OV.  The  following  directions  have  been  given 
for  the  preparation  of  a  blue  oxide  of  chromium :— The  concentrated  alkaline  BcStldon 
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of  duomate  of  potaah  is  to  be  satmated  with  weak  snlphurio  acid,  and  then  to  eveiy 
8  lb§.  are  to  be  added  1  lb.  of  common  salt,  and  half  a  pound  of  concentrated  sul- 
phuric acid ;  the  liquid  will  now  acquire  a  green  colour.  To  be  certain  that  the  yellow 
colour  is  totally  destroyed,  a  small  quantity  of  the  liquor  is  to  have  potash  added  to 
it,  and  filtered ;  if  the  fluid  is  still  yellow,  a  fresh  portion  of  salt  and  of  sulphuric 
acid  is  to  be  added :  the  fluid  is  then  to  be  evaporated  to  dryness,  redissolvea,  and 
filtered ;  the  oxide  of  chrome  is  finally  to  be  precipitated  by  caustic  potash.  It  will 
be  of  a  greenish-bine  eolonr,  and  being  washed,  must  be  collected  upon  a  filter.— 
H.M.N. 

OH&TBAVIXim.    See  AiouifB  Ybllow. 

CBmTSOBSSTZN  or  Golden  Benflt  is  composed  of  alumina  80*2  and  glucina 
19'8al00.  It  is  of  various  shades  of  yellowish  and  light  green,  sometimes  with 
a  bluish  opalescence  internally.  It  has  a  vitreous  lustre,  and  varies  from  trans- 
lucent to  tranroarent.  Fracture,  conchoidal,  or  uneven.  Specific  gravity  a  3*6  to  3*8. 
It  belongs  to  the  trimetric  system. 

This  stone,  when  transparent,  furnishes  a  bcautiM  gem  of  a  yellowish-green 
cdoor,  which  is  cut  wiUi  filets,  tmless  it  be  opalescent,  in  which  case  it  is  cut  m 
eaboehon.  It  occurs  in  the  Brazils  and  Ceylon,  in  rolled  pebbles  in  the  alluvial 
deposits  of  rivers ;  in  the  Ural,  in  mica-slate ;  and  at  Haddam,  Connecticut,  U.S.,  in 
granite,  traversing  gneiss. — H.W.B. 

For  varieties  of  Chiysoberyl,  see  Cat's  Eye,  and  CTHOPHAim. 

CBXTSOOOXiZJl.  The  Greeks  gave  this  name  to  Borax.  It  is  now  applied  to 
the  hydrous  silicate  of  copper,  a  mineral  with  the  composition  of  silica  84*8,  protoxide 
of  copper  46%  water  20*5.  It  is  often  mixed  with  carbonate  and  oxide  of  copper.  It 
is  found  in  Chili,  in  the  Lake  Superior  district,  in  the  copper  mines  of  South  Australia, 
and  the  West  Indian  Islands ;  also  in  Cornwall,  Saxony,  and  indeed  in  most  localities 
where  copper-mines  occur.  Bischof  observes,  that  silicate  of  copper  may  be  formed 
through  the  action  of  an  alkaline,  lime  or  magnesia  silicate,  on  sulphate  or  nitrate  of 
copper  in  solution.  He  also  shows  that  this  silicate  is  decomposed  by  carbonated 
waters,  producing  carbonate  of  copper.  In  nature  the  alkaline  silicates  are  often 
iumishea  by  the  decomposing  granite,  and  the  sulphate  of  copper  by  the  changes 
which  constantly  occur  in  copper  pyrites. 

CBXTSO&ira,  or  Peridot,  The  name  given  to  the  paler  and  more  trans- 
parent crystals  of  olivine,  the  latter  name  bemg  restricted  to  imbedded  masses  or 
grains  of  inferior  colour  and  deamess.  It  is  usually  fi>und  in  angular  or  rolled 
pieces,  rarely  crystallised.  The  crystals  (generally,  8,  10,  or  12-sided  prisms), 
belonging  to  the  rhombic  system,  are  variouiuy  terminated,  and  often  so  compressed 
as  to  become  almost  tabular.  They  are  generally  very  firagile,  and  therefore  unfit 
for  ornamental  purposes.  The  chrysolite  is  a  silicate  of  magnesia,  with  more  or  less 
protoxide  of  iron.  An  analjrsis  of  an  oriental  chrysolite  1^  Stromeyer  gave :  silica 
89*78,  magnesia  50*18,  protoxide  of  iron  9*19,  alumina  0*22,  protoxide  of  manganese 
0*09,  oxide  of  nickel  0*82*99*68. 

As  a  gem,  chrysolite  is  deficient  in  hardness  and  play  of  colour ;  but  when  the  stones 
are  large  and  of  good  colour,  and  well  cut  and  polished,  it  is  made  into  necklaces,  &c., 
with  good  effect.  From  its  softness,  which  is  bttle  less  than  that  of  glass,  it  requires 
to  be  worn  with  care,  or  it  will  lose  its  polish.  The  best  mode  <a  displaying  the 
colours  to  the  greatest  advantage  is  to  out  it  in  small  steps.  To  give  it  the  highest 
polish,  a  copper  wheel  is  used,  on  which  a  little  sulphuric  add  is  dropped.  During 
the  process  a  highly  sufibcating  smell  is  given  out,  produced,  probably,  by  the  oxida- 
tion of  the  copper  and  the  decomposition  of  the  acid.  Chi^lite  is  supposed  to  have 
been  the  topaz  of  the  ancients.  It  is  found  near  Constantinople ;  at  Vesuvius ;  and 
the  Isle  of  Bourbon ;  at  Beal  del  Honte,  in  Hexico ;  in  Egypt ;  and  at  Expailly,  in 
Aurergne. — ^H."W.B. 

CBmTSOFRASa.  An  apple-green  or  leek-green  variety  of  chaloedon^r,  the 
colour  of  which  is  caused  by  the  presence  of  nickel.  It  occurs  at  EosemfitB,  in  Silesia, 
and  Belmont's  lead-mine,  St  Lawrence  County,  New  York. 

This  stone  was  probably  the  chrysoberyl  of  the  ancients. — ^H.W.B. 

OBATSOmbB.    A  fibrous  or  asbestifoann  variety  of  serpentine. 

OSmr AMC    A  cement  made  of  shell-lime  and  sea-sand,  commonly  used  in  j^dia. 

OSVBOBZTB.  A  hydrated  phosphate  of  protoxide  of  cerium^  fbund  in  minute 
crystals,  forming  a  thin  coating  on  quartz  and  clay-slate,  in  a  Cornish  tin-lode.  Mr. 
0.  Oreville  WilHams  has  dete(£ed  didymium  in  churchite. 

OZOSOBIUll  IVTT8V8.    See  CmcOBT. 

OZBm.    See  Ctdbr. 

OIMOlAAJf  BAmTB.  OimoUU  ((HmoUa,  Flin^).  This  earth  is  found  in  the 
island  of  Argentiers,  the  ancient  Cimolus,  in  Bohemia,  and  some  parts  of  Bossia. 
It  has  been  frequently  confoimded  with  fullers*  earth,  because  it  has  been  used  for 
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the  tamfi  piirpoMs— removing  grease  fiom  silk  or  vooUen  &brio8.  It  is  an  alnminoot 
gilicate,  consistiDg  of  silica  68,  alumina  28,  oxide  of  iron  1*26,  irater  12.  It  absorlw 
water  rapidly,  and  splits  into  thin  lamine.  Powdered  and  mixed  with  water  it  fonnt 
a  creamj  mass,  which  absorbs  oil  from  any  &bric  over  which  it  may  be  spread. 

CZJrCHOVA  BAWK,  A  Parliamentary  paper  on  the  progress  of  India  in  1872 
giyes  information  respecting  the  cultivation  of  the  cinchona  plant,  from  which  quinine 
18  obtained.  It  was  introduced  into  the  Hill  districts  of  India,  firom  South  America, 
in  I860.  The  total  e^nditure  o£  the  experiment  was  61,7192.  The  return  repre- 
sents a  value  which  is  simply  incalculable.  There  are  now  2,689,285  plants  in  the 
Government  plantations  on  the  Neilgheny  Hills  alone,  without  ooonting  those  of 
private  planters  in  this  and  in  other  districts.  -  The  largest  trees  are  80^  fiset  high, 
and  over  8  feet  in  girth  round  the  trunk.  The  area  covered  by  the  plantations 
amounts  to  950  acres,  and  is  being  largely  added  to^  evezy  year.  The  bark  under 
cultivation  is  much  richer  in  quinine  and  the  other  febrifuge  kalends  than  the  wild 
bark  of  South  America.  During  last  year  7,295  lbs.  of  excellent  bark  were  sold  in 
the  London  market,  while  65,688  lbs.  were  supplied  to  the  local  manu&ctoiy.  T^ 
year  20,000  lbs.  will  be  sent  home.  The  alkaloid  is  manu&ctured  on  the  spot  in  an 
exceedingly  cheap  form  for  the  use  of  local  medical  stores,  .and  hundreds  of  fever 
patients  are  thus  annually  cured.  The  object  of  providing  an  abundant  suroly  of  the 
lebriftige  at  a  price  within  the  means  of  the  population  at  large  is  rapoly  being 
realised. 

Erom  the  report  on  the  Government  cinchon&  plantations  at  Ootaoamnnd  for 
1870-71  we  learn  that  the  growth  of  the  plants  has  been  vezy  satisfiictoiy.  The 
older  plants  of  the  various  meoucinal  kinds  have  grown  from  shrubs  into  trees  22  feet 
or  23  feet  high,  and  18  inches  to  21  inches  in  giiQi.  Of  the  Cimehona  Mtceirubra  the 
finest  samples  reach  a  height  of  30  feet,  with  a  girth  of  three  feet  Three  thousand 
five  bundled  plants  of  the  GaUsaya  kind  have  been  permanently  planted  out  on  two 
acres  of  new  land.  With  this  exception,  the  work  of  the  year  has  been  confined  to 
filling  up  &ilures  and  planting  along  the  roadside.  Among  the  new  roedes  of  plants 
lately  introduced  is  the  Pitayo  bark,  which  appears  to  be  hardy  and  well  suited  to 
the  climate.  A  lanceolate  variety  of  Oalisaya  introduced  from  Java  makes  but  slow 
growth  at  Ootaoamund.  During  the  jrear  51,853  lbs.  of  firesh  bark  were  supplied  to 
Mr.  Broughton,  the  Government  Quinologist,  for  the  manufsMiUire  of  amorphous 
quinine.  Erom  1,000  eight-year-old  plants  of  C.  suooUmbra  as  much  as  2,560  lbs. 
have  been  or  will  be  extracted  dtiring  this  year.  This  average  of  more  than  2^  lbs. 
to  each  tree  will  yield,  at  the  present  rates  Qi28.Sd.to  8«.  per  lb.,  a  clear  profit  of  at 
least  a  rupee  a  pound.  After  the  tenth  year  an  increasing  profit  may  be  yearly  ex- 
pected, with  a  steady  improvement  in  the  quality  of  the  beo^k.  In  the  cheaper  kinds 
of  bark  it  is  unlikely  tnat  India  will  ever  compete  suoceesftillv  in  the  home  market 
with  America,  where  me  plant  grows  wild,  and  its  culture,  which  is  yearly  spreading, 
costs  nothing.  In  the  finer  kinds  of  bark,  however,  a  suocessful  ccHupetition  is  & 
from  unlikely,  if  the  mossing  process  is  steadily  applied.  Under  this  process  eadi 
successive  renewal  of  bark  wUl  become  more  valuable  than  the  last,  until  red  bark 
yields  from  10  to  12  per  cent  of  czystallisable  alkaloids,  containing  from  6  to  8  per 
dent  of  pure  quinine,  while  8  or  10  per  cent  of  the  latter  may  be  expected  from  the 
crown  barks.  In  that  case  India  would  defy  competition,  for  no  such  bark,  it  appears^ 
could  be  obtained  from  America.    See  Pbbuvuk  Babk. 

onrosowA  SBB,  An  amorphous  dark  reddish-brown  substanoe,  obtained 
from  cinchona,  or  Peruvian  bark. 

OnrOHOVZOZVB.  C^H**N*0*  (0**B*«srH>.)  An  alkaldd  isomaric  with  oin- 
chonine  and  dnchonidine.  It  is  produced  by  the  action  of  heat  on  any  of  the  saline 
combinations  of  cinchonine. — Pasteur, 

OZjrosowZBZVB.  C^^'H^'N'O*  (0**B*«VH>.)  This  alkaloid,  the  quinidine  of 
Leers,  is  one  of  the  isomers  of  cinchonine. 

OZjrOHOimra.  G^H'^NK)'  (C»«*«ir*0.)  An  alkaloid  or  oifianio  base  ae- 
companying  quinine.  Some  of  the  differences  of  properties  on  wfaic£  processes  ftr 
their  separation  may  be  founded  are  the  following : — Ginohonine  crystallises  mora 
readily  than  quinine  from  an  alcoholic  solution,  inconsequence  of  its  brang less  soluble 
in  that  fluid.  Sulphate  of  quinine,  on  the  other  hand,  is  less  soluble  than  sulphate  of 
cinchonine.  Ginchonine  is  insoluble,  while  quinine  is  freely  soluUe  in  ether.  See 
Watts's  *  Dictionary  of  Ghemistiy.* 

When  cinchonine  is  distilled  wiUi  a  hydrated  alkali  it  yields  a  product  known  as 
chinoline  oil,  containing  three  homologous  bases — ckmolme^  l^ndine,  and  kiytidme. 
Prom  this  oil,  a  brilliant  blue  pigment  may  be  obtained. 

onrBBB.    The  slags  produced  in  the  processes  of  iron  manufiietQie. 

BMD,    A  bed  of  oyster-shells ;  found  in  the  Middle  Poxbeck  i    * 
VXiira.    See  iBoy, 
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See  Ieok. 

OnrBBR  TAV.    See  Ibon. 

OUnr ASAS  ib  the  principal  and  only  raloable  ore  of  mercury  which  is  prepared 
firom  it  by  sublimataon. 

It  is  a  sulphide  (snlphnret)  of  mercniy,  composed,  when  pure,  of  quicksilrer  86*2, 
sulphur  13'8,  in  which  case  it  is  a  natural  yerznilion,  and  identical  with  the  yermilion 
of  commerce ;  but  it  is  sometimes  rendered  impure  by  an  admixture  of  clay,  bitumen, 
oxide  of  iron,  &c  Cinnabar  is  of  a  oochineal-red  colour,  often  inclining  to  brownish- 
red,  and  lead-grey,  with  an  adamantine  lustre,  approaching  to  metallic  in  dark 
varieties,  and  to  dull  in  friable  ones.  It  varies  from  sub-transparent  to  opaque,  has  a 
scarlet  streak,  and  breaks  with  a  sub-conchoidal  uneven  fracture.  H=b2  to  2*5,  specific 
gravity  »  8*99.  In  a  matrass  it  entirely  sublimes,  and  with  soda  yields  mercuir  with 
the  evolution  of  sulphurous  fumes.  When  crystallised,  it  belongs  to  the  rhombohedral 
system* 

Cinnabar  occurs  in  beds  in  slate-rocks.  The  chief  European  beds  are  at  Almaden, 
near  Cordova,  in  Snain,  and  at  Idria  in  Camiola,  where  it  usually  occurs  in  a  massive 
form,  and  is  worked  on  a  thick  vein  belonging  to  the  carboniferous  series.  It  also  occurs 
abundantly  in  China,  Japan,  Huanca  ViBca  in  South  Peru,  and  at  New  Almaden  in 
Santa  Clara  Co.,  and  in  other  parts  of  California,  where  extensive  mines  of  cinnabar 
are  worked.  It  is  also  abunoant  in  Idaho.  The  chief  source  of  the  mercury  used 
in  England,  is  Spain.  Our  recent  imports  of  native  Cinnabar  cannot  now  be  ascer- 
tained, as  it  is  all  entered  at  the  Custom  House  under  the  head  of '  Ores  unenumerated.' 

Cinnabar  in  the  arts  is  nsed  as  a  pigment,  in  the  state  of  a  fine  powder,  which  is 
known  by  the  name  of  vermilion.    See  Mebcxtbt  and  Vermilion. 

OUnrAMOV.  (CanneUe^  Er.;  Zmmt^  Ger.)  The  inner  bark  of  the  Laurus 
cinnamomum,  used  chiefly  fbr  flavouring  ccxdials.  Cinnamon  yields  an  exquisite 
essential  oil  by  distillation  which  has  considerable  use  in  medicine  and  perftmiery.  It 
is  largely  used  for  incense,  but  its  principal  consumption  is  in  Spain,  for  the  fabrica- 
tion of  diocolate,  where  it  is  said  not  less  than  50,000,000  lbs.  are  used  annually, 
nearly  the  whole  of  which  is  brought  from  Ceylon. 

Of  cinnamon  we  imported  as  follows : — 

lbs.  Valne 

In  1870 2,215,484  £252,875 

1871 1,574,946  143,520 

1872 1,082,184  111,496 


BTOn*  A  name  given  to  Essonite,  one  of  the  varieties  of 
the  lime  p^amets.  Many  so-called  hyacinths  are  really  nothing  more  than  flne- 
coloured  annamon  stones. 

OlVO&nrO.    An  Italian  marble,  of  white  colour,  with  pale  green  markings. 

CXTBIO  JLOZB.  (Aeide  citrique,  Er. ;  Oitronensaurey  Ger.)  This  add  exists  in 
the  juice  of  fruits,  especiaUpr  the  lemon,  orange,  currant,  and  quince.  It  was  flrst 
procured  from  lemon-juice  m  a  pure  state  by  Scheele,  who  adopted  the  following 
process : — ^Lemon-juice  was  put  into  a  large  tub,  and  saturated  with  dry  chalk  in  fine 
powder,  noting  carefrdly  the  quantity  employed.  The  citrate  of  lime  which  preci- 
pitates  being  freed  from  the  supernatant  liquor  is  to  be  well  washed,  with  repeated 
afibsion  and  decantation  of  water.  Eor  ev^  ten  jpounds  of  chalk  employed,  nine 
and  a  half  pounds  of  sulphuric  acid  diluted  with  six  times  its  weight  of  water  are  to  be 
poured  while  warm  upon  the  citrate  of  lime,  and  well  mixed  with  it.  At  the  end  of 
twelve  hours,  or  even  sooner,  the  citrate  will  be  decomposed,  dilute  citric  acid  will 
float  above,  and  sulphate  of  lime  will  be  found  at  tne  bottom.  The  acid  bein^ 
drawn  off,  the  calcareous  sulphate  must  be  thrown  on  a  canvas  filter,  drained,  and 
then  washed  with  water  to  abstract  all  the  acid. 

The  citric  acid  thus  obtained  may  be  evaporated  in  leaden  pans,  over  a  naked  fiire, 
till  it  acquires  the  specific  gravitjr  1*13 ;  after  which  it  must  be  transferred  into 
another  vessel,  evaporated  by  a  steam  or  water  bath  till  it  assumes  a  syrupv  asp^ 
when  a  pellicle  appears  first  in  patches,  and  then  over  the  whole  surface.  This  point 
must  be  watched  with  great  circumspection,  for  if  it  be  passed,  the  whole  add  runs 
a  risk  of  being  spoilt  by  carbonisation.  The  steam  or  hot  water  must  be  in- 
stantly withdrawn,  and  the  concentrated  add  put  into  a  crystallising  vessel  in  a  dry, 
but  not  very  cold  apartment  At  the  end  of  four  days  the  crystallisation  will  bo 
complete.  The  crystals  must  be  drained,  re-dissolved  in  a  small  portion  of  water, 
the  solution  set  aside  to  settle  its  impurities,  then  decanted,  re-evaporated,  and 
re-dystallised.  A  third  or  fourth  crystallisation  may  be  necessary  to  obtain  a  colour^ 
less  add. 

If  any  dtrate  of  lime  be  left  undecomposod  by  the  sulphuric  add,  it  will  dissolvv 
in  the  atric  acid,  and  obstruct  its  crystallisation,  and  hence  it  will  be  safer  to  use  thv 
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slightesfc  excess  of  sulphtiric  acid,  tlian  to  leave  an^  citrate  ondecompoBed.  ^ere 
Bliould  not,  however,  be  any  great  excess  of  Bulplinric  acid.  If  there  be,  it  is  easily 
detected  by  nitrate  of  baryta,  but  not  by  the  acetate  of  lead  as  prescribed  bj  some 
chemical  authors ;  because  the  citrate  of  lead  is  not  very  soluble  in  the  nitnc  a  id, 
and  might  thus  be  confounded  with  the  sulphate,  whereas  citrate  of  baryta  is  per- 
'  fectly  soluble  in  that  test  acid.  Sometimes  a  little  nitric  add  is  added  with  advan- 
tage to  the  solution  of  the  coloured  crystals,  with  the  efl^t  of  whitening  them. 

Twenty  pfallons  of  good  lemon-juice  will  aSbrd  fully  ton  pounds  of  white  crystals 
of  citric  acid. 

Citric  acid  crystallises  from  a  cold  saturated  solution  in  prisms  belonging  to  the 
rhombic  system,  and  containing  C**H«0".2H0  (C«K*0'.K«0).  I^  however,  the 
crystals  be  deposited  from  a  hot  solution,  they  present  difEerent  forms,  and  contain 
only  one-half  the  normal  proportion  of  water. 

The  specific  gravity  of  the  crystals  of  citric  acid  is  1*617.  They  are  imalterable 
in  the  air.  When  heated,  they  melt  in  their  water  of  crystallisation ;  and  at  a  higher 
heat,  they  are  decomposed.  They  contain  18  per  cent,  of  water,  of  which  one-half 
may  be  separated  in  a  dry  atmosphere,  at  about  100°  F.,  when  the  crystals  &11  into 
a  white  powder.  Citric  add  is  soluble  in  0*76  parts  of  cold,  and  in  0*5  parts  of 
boiling  water. 

Citric  acid  in  crystals  is  composed,  by  Dr.  Ure's  analysis,— of  carbon,  33-0,  o^gen, 
62*37,  and  hydrogen,  4*63 ;  results  which  diffbr  very  little  from  those  of  Dr.  ^x>ut, 
subsequently  obtained.  Dr.  Ure  found  its  atomic  weight  to  be  8*375,  compared  to 
oxygen  1 ,000.    The  composition  of  crystallised  dtric  acid  has  been  thus  represented : — 


Carbon 
Hydrogen    . 
Oxygen 

percent, 
t&ietlcftl 

Dmnas 

Front 

Vn 

36*8 

4*6 

69*7 

36*28 

4-46 

60-27 

34*28 

4*76 

60*96 

33*00 

4*63 

62*37 

1 

Attempts  were  made,  both  in  the  West  Indies  and  Sicily,  to  convert  the  lime  and 
lemon-juice  into  citrate  of  lime,  but  they  seem  to  have  &iled  through  the  difficulty  of 
drying  the  citrate  for  shipment. 

Citoric  add  in  somewnat  crude  crystals  is  employed  with  much  advantage  in 
calico-printinff ;  for  many  of  the  finer  colours  it  cannot  be  replaced  by  any  other. 
If  adulteratea  with  tartaric  add,  the  fraud  may  be  detected  by  adding  potash  to 
the  solution  of  the  add,  which  will  cause  a  precipitate  of  cream  of  tartar.  ^ 

The  Tnanufacture  of  dtric  add  so  closely  resembles  that  of  tartaric  add,  that  the 
makers  of  one  commonl^r  fabricate  the  other.  The  raw  material  in  this  case  is  pretty 
generally  a  black  fiuid,  like  thin  treade,  which  comes  from  Sicily,  and  is  obtained  by 
inspissating  the  expressed  juice  of  the  lemon, — the  rind  having  previously  been 
removed  fi^m  the  lemon  for  the  sake  of  its  essential  oiL  This  black  juice  is  impure 
dtric  add,  and  requires  to  be  treated  with  chalk,  as  practised  with  respect  to  the  first 
operation  on  tartar ;  by  which  means  an  insoluble  dtrate  of  lime  is  formed ;  and  this 
alter  being  well  washed  with  cold  water,  is  decomposed  by  sulphuric  add;  and  the 
solution,  after  undergoing  the  action  of  animal  eharooal  and  proper  evaporation,  yields 
brownish  crystals  on  cooling.  These  are  re-dissolved,  decoloured,  and  cmt^lised 
three  or  four  times  ere  they  can  be  sent  into  the  market,  for  citric  add  is  more 
tenacious  of  colouring  matter  than  most  of  the  other  vegetable  adds.  At  Nice,  and 
in  the  South  of  France,  a  portion  of  chloride  of  lime  is  digested  upon  the  dtrate  of 
lime,  to  bleach  it  prior  to  decomposition  by  sulphuric  add.  For  this  purpose,  the 
washed  citrate  is  exposed  in  shallow  vessels  to  the  action  of  the  sun's  rays  covered  by 
a  weak  solution  of  chloride  of  lime.  In  a  few  hours  decolouration  ensues ;  and  it  is 
moreover  stated  that  the  mudlage  which  hangs  about  the  citrate  of  lime,  and  impeded 
the  subsequent  crystallisation  of  the  add,  is  in  this  way  destroyed,  and  the  number 
of  rc-crystallisations  requisite  to  give  a  saleable  aspect  to  the  dtric  add  thereby  dimi- 
nished. 

According  to  Ferret's  process,  the  lemon-juice  is  clarified  with  excess  of  magnesia, 
and  the  salt  thus  obtained  after  havinj^  been  washed  with  cold  water,  in  whi<£  it  is 
insoluble,  is  dissolved  in  hot  lemon-juice.  The  solution,  on  evaporation,  yields  a 
bibasic  citrate  of  magnesia  in  a  form  convenient  for  exportation. 

The  use  of  a  vacuum-pan  for  the  final  evaporation  of  a  solution  of  dtric  add  has 
been  introduced  by  Mr.  E.  A.  Fontifex. 

CXT&A.TB8.  Combinations  of  dtric  acid  with  alkalis,  earths  and  metals 
fanning  salts.    See  Watts's  *  Dictionary  of  Chemistry.' 
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(CUradiert  Fr. ;  Cedraio,  Ital.)  The  fruit  of  the  Citrus  fnediea^  he- 
longing  to  the  family  of  dicotyledonous  plants,  the  Aurantiacea  or  Besperidea.  The 
rind^this  fruit  candied  is  well  known  as  a  delicate  sweetmeat.  The  tree  producing 
the  citron  is  the  most  beautiful  of  the  genus.  A  curious  Tariety  of  the  citron  is 
cultiTated  in  China,  and  called  the  fingered  citron,  ^m  its  lobes  dl  separating  into 
fingezB  in  different  shapes  and  sizes.  The  fruits  of  several  other  genera  belonging 
to  the  family  are  greatly  esteemed  in  the  countries  which  produce  them.    See  Hss- 


cnTROWBUUB  OZ&.    An  oil  from  the  Lemon-grass  (Andropogon  eUraium), 

OZTRU8.  A  genus  of  the  family  AuranHaoetB,  producing  the  orange,  the  lemon, 
&c 

CiTBTTS  AxjBANTiXTM.    The  common  or  sweet  orange. 

GrrBxrs  Bbbgamia.    The  Bergamot  orange, 

OrrRiTS  BiOAB^DBA.    The  bitter  or  Seville  orange,  or  bigarade. 

GrrBTJS  Decukana.    The  shaddock.    See  Shaddock. 

OiTBxrs  LiifBTTA.    The  lime.    See  Lime. 

CrrBxrs  Limoniux.    The  lemon.    See  Lrmom. 

OiTHxrs  Mb3>ica.    The  citron. 

OlvaT.  {Civette,  Fr. ;  Zibethf  Ger.)  The  odour  of  this  substance  is  peculiar 
and  veiy  characteristic,  and  is  even  more  persistent  than  musk.  It  forms  the  base  of 
the  famous  '  Jockey  Club  *  perfume.  It  is  the  product  of  two  small  quadrupeds  of 
the  genus  Vtverra  (  K  zibeiha  and  V.  civetta)t  of  which  the  one  inhabits  Africa,  and  the 
other  Asia.  They  are  reared  with  tenderness,  especially  in  Abyssinia.  The  civet 
is  contained  in  a  sac  situated  between  the  anus  and  the  parts  of  generation  in 
either  sex.  The  animal  frees  itself  fh>m  an  excess  of  this  secretion  by  a  contractile 
movement  which  it  exercises  upon  the  sac,  when  the  civet  issues  in  a  vermicular 
form,  and  is  carefully  collected.  The  negroes  are  accustomed  to  increase  the 
secretion  by  irritating  the  animal ;  and  likewise  introduce  a  little  butter,  or  rather 
l^reaae,  by^  the  natural  slit  in  the  bag,  which  mixes  with  the  odoriferous  substance,  and 
increases  its  weight.    It  is  employed  only  in  ^eifumery. 

According  to  M.  Boutron-Cluilaid,  it  contains  a  volatile  oil,  to  which  it  owes  its 
smell,  some  free  ammonia,  resin,  &t,  and  extractiform  matter,  and  mucus.  It  afibrds, 
by  calcination,  an  ash,  in  which  there  are  some  carbonate  and  sulphate  of  potash, 
phosphate  of  lime  and  oxide  of  iron. 

OSJLCJLm    The  valve  of  a  pump.    See  Pump. 

O&AIFSTSAXATB.  A  selenide  of  lead  which  occurs  in  the  veins  of  hsematite  at 
Claustbal  and  other  mines  in  the  Hartz,  and  at  Bio  Tinto  in  Spain. 

OXULT.  (Armlet  Fr. ;  Thon,  Ger.).  The  term  clay  is  applied  to  certain  hydrous 
silicates  of  alumina,  derived  for  the  most  part,  from  the  decomposition  of  felspathic 
rocks,  and  which  are  generally  rendered  impure  by  the  admixture  of  other  substances. 
Economically,  the  term  is  applied  to  any  finely-divided  mineral  matter,  which  becomes 
plastic  on  being  wetted,  and  retains  its  shape  when  moulded  or  pressed  into  any  par- 
ticular fonn.  Lime,  magnesia,  oxide  of  iron,  with  some  other  colouring  metallic 
oxides,  are  occasionally  present  in  small  quantities  in  certain  natural  clays :  when 
iron  ispresent,  the  clay  bums  red. 

1.  They  are  readily  difiEusible  through  water,  and  are  capable  of  forming  with  it  a 
plastic  ductile  mass,  which  may  be  kneaded  by  hand  into  any  diape.  This  plasticity 
exists,  however,  in  very  different  degrees  in  the  different  clays. 

2.  They  concrete  into  a  hard  mass  upon  being  dried,  and  assume,  upon  exposure  to 
the  heat  of  ignition,  a  degree  of  hardness  sometimes  so  great- as  to  give  sparks  by  col- 
lision with  hardened  steel.  In  this  state  they  are  no  longer  plastic  with  water,  even 
when  pulverised.  Tolerably  pure  clays,  though  infusible  in  the  furnace,  become 
readily  so  by  the  admixture  of  lime,  iron,  manganese,  &c. 

3.  All  clays,  even  when  previously  freed  tram  moisture,  shrink  in  the  fire  bv  virtue 
of  the  reciprocal  affinity  of  their  particles ;  they  are  very  absorbent  of  water  m  their 
dry  state,  and  adhere  strongly  to  the  tongne. 

4.  Ochrev,  impure  clays,  emit  a  disagreeable  earthy  smell  when  breathed  upon  ;  Ihc 
odour  is  inaeed  observable  to  a  greater  or  less  extent  in  all  clays. 

Brongniart  distributes  Clays  into : — 

(1.)  Fire-clays  iargtUa  apyres,  Fr ;  F^uerfeste,  Ger.). 
(2.^  Fusible  (acHmdzhare,  Ger.). 

?3.1  Effervescing  {bratuende^  Ger.),  from  the  presence  of  chalk. 
(4.)  Ochrey  (pcreuaes,  Fr. ;  ochrige,  Qer.). 
The  following  are  the  chief  varieties  of  clay  usually  recognized : — 
1.  Slatb-clat.    (Schiefer-thofif    Qer).    Its   colour   is   grey   or   greyish-yellow; 
massive,  dull,  or  glimmering  from  admixture  of  particles  of  mica.    Fracture  daty, 
approHhing  sometimes  to  earthy.    Fxagmenta   tabular;  soft,  sectile,  ao4  waly 
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bzoken ;  sp.  g]*.*a2'6 ;  adheres  ta  the  tongae,  and  breaks  down  in  water.  Slate-olay 
is  ground  and  reduced  into  a  paste  with  water  for  making  fire-bricks ;  for  which  par- 
pose  it  should  be  as  free  as  possible  from  lime  and  iron. 

2.  FiBB-CLAT.  In  this  country  the  geological  position  of  \hefire-cU^,  which  is 
laigelj  employed  in  the  manufacture  of  fire-bricks,  glass-house  pots,  &&,  is  imme- 
diately beneaUi  the  coal,  each  bed  of  which  rests  upon  a  stratum  of  greater  or  less 
thickness  of  a  day  possessing  the  peculiar  qualities  of  fire-clay,  and  distinguished  in 
the  mining  districts^  from  the  position  it  occupies  with  reference  to  the  coal,  by  the 
name  of  undtT'day,  The  Stourbridge  day  is  of  this  character.  The  following  analysis 
of  Stourbridge  day  was  made  by  iSs,  0.  Tookey  in  Dr.  Percy's  laboratory : — 

Silica 6510 

Alumina 22*22 

Potash 0-18 

lime 0*14 

Magnesia 0*18 

Protoxide  of  iron 1*92 

Phosphoric  acid 0*06 

w«f^,  /combined 710 

^*^'  Uygroecopic 218 

Organic  matter 0*58 

99  66 

3.  CoKHON  Glat  OB  LoAX. — ^This  is  an  impure  coarso  pottery-olay,  mixed  with  iron- 
ochre,  and  occasionally  with  mica.  It  has  many  of  the  external  chara4Cters  of  plastic 
day.  It  is  soft  to  the  touch,  and  forms,  with  water,  a  somewhat  tenadous  paste ;  but 
is  in  general  less  compact,  more  friable  than  the  plastic  days,  -vdiich  are  more  readily 
difl^ble  in  water.  It  does  not  possess  the  property  of  acquiring  in  water  that  com- 
mencement of  translucen(7  which  tho  purer  days  euiibit.  Although  soft  to  the  touch, 
the  common  day  wants  .unctuosity,  properly  so  called.  The  best  example  of  this 
argillaceous  substance,  is  afforded  in  the  iiondon-day  formation,  which  consists  chiefly 
of  bluish  or  blackish  day,  mostly  veiy  tough.  Those  of  its  strata  which  eflfenresea 
wiUi  adds  partake  of  the  nature  of  marl.  Gniis  day  is  Visible  at  a  strong  heat  in 
conseMjuence  of  the  iron  and  lime  which  it  contabs.  It  is  employed  in  the  manu&ctaro 
of  bricks,  tiles,  and  coarse  pottery  ware. 

4.  PoTTBBs'  Clay,  ob  I^-Glat. — ^This  spedes  is  compact,  soft,  or  even  unctuous 
to  the  touch,  and  polishes  with  the  pressure  of  the  finger ;  it  forms,  with  water,  a 
tenadous,  very  ductile,  and  somewhat  translucent  paste.  It  is  infosible  in  a  porcelain 
kiln,  but  assumes  in  it  a  degree  of  hardness.  Werner  called  it  pwe^ck^.  Good  plastic 
day  remaine  white,  or  if  grey  before,  becomes  white  in  the  porcdain-luln.  The  day 
firom  Poole  in  Dorsetshire  is  a  cdebrated  potters'  day,  and  the  clay  from  the  nei^- 
bourhood  of  Newton  Abbot  in  Deyonshire  is  a  well-known  pipe-day.  The  following 
is  an  analysis  of  Poole  day,  made  in  Dr.  Percy's  laboratory,  by  Mr.  W.  Weston : — 

SiUca 48*99 

Alumina 82*11 

Potash S-81 

Lime 0*43 

Magnesia 0*22 

Protoxide  of  iron 2*34 

-nr-*^-  f  combined 9*68 

^**^  Ihygroscopic 2-88 

99*86 

PUuHe  Clay, — ^The  geological  position  of  the  * HasHe  day*  of  geologists,  (the  old 
name  of  the  *  Woolwich  and  Beading  beds '),  is  beneath  the  llondonnBlay,  and  above  the 
sand  (Thanet  sand)  which  covers  the  chalk-formation.  The  Plastic  day  of  the  Paris 
basin  is  described  as  consisting  of  two  beds  separated  Inr  a  bed  of  sand.  The  loww^ 
bed  is  the  proper  plastic  clay.  The  plastic  day  of  Abondant,  near  the  Forest  of  Dreux, 
analysed  by  Vanquelin,  gave — Silica,  48*5  ;  alumina,  33*2 ;  lime,  0*35 ;  iron,  1 ; 
-water,  18. 

This  day  is  employed  as  a  fire-day  for  making  the  bungs  or  seffgan,  or  eoarse 
earthenware  cases,  m  which  china-ware  is  fired. 

The  plastic  day  of  Dorsetshire  which  supplies  the  great  Stafibrdshire  potteries, 
occurs  near  the  base  of  the  Bagshot  beds  (Middle  EoceneV  It  is  grey  oohnped,  lees 
unctuous  than  that  of  Dreuz,  and  consequently  more  friable.    It  becomes  white  in  Uie 
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pottery  kiln,  and  is  infhsible  at  that  heat  It  eanses  no  eflbnreioenod  with  nitric  add, 
but  &ll8  down  quickly  in  it,  and  becomes  more  highly  coloured.  Its  refiractoriness 
allows  of  a  harder  glaze  being  applied  to  the  ware  formed  from  it  without  risk  of  the 
heat  requisite  for  making  the  ^ace  flow  afiecting  the  biscuit  either  in  shape  or  colour. 
'  Most  ^  the  plastic  clays  of  France/  says  M.  Brongniart, '  employed  for  the  same 
ware,  have  the  disadvantage  of  reddening  a  little  in  a  somewhat  strong  heat ;  and 
hence  it  becomes  necessary  to  coat  them  with  a  soft  glase,  fhsible  by  means  of  excess 
of  lead  at  a  low  heat,  in  order  to  prosorvo  the  white  appearance  of  the  biscuit.  Such 
a  glass  has  a  dull  aspect  and  cra<^  readily  into  innumerable  fissures  by  alternations 
of  hot  and  ccdd  water.'  Hence  one  reason  of  the  Tast  infiariority  m  the  F^nch 
stoneware  to  the  English.    See  Bobsbibhibb  Cult. 

6.  PoBCBiAiK  Cult  or  Eaoldt  Eabtb.  (Tare  a  voreelaine,  Fr. ;  J^orgellanmU, 
QerX  Kaolin  is  the  name  given  by  the  Chinese  to  the  fine  white  day  with  which  they 
ffthncate  the  biscuit  of  their  porcelains.  This  is  the  purest  known  form  of  day,  its 
chemical  composition  bdng  generally  redudble  to  the  fixrmula  AlH)'.2SiO*  +  2HO 
(AmH.aSiO'  +  aBH>),  corrosponding  to  silica,  46*8 ;  alumina,  89*8;  water,  18*9  per 
cent  Ordinary  massive  kaolin,  examined  under  the  microscope,  always  exhibits  certain 
six-sided  scales  characteristic  of  the  mineral  snedes  called  Kaoiimte,  Kaolin  and 
some  allied  substances  are  induded  by  Messrs.  Johnson  and  Blake  under  this  species. 

The  term  Kaolm  appears  to  have  been  derived  from  the  name  of  a  mountain 
Kao4mg  (Lofty  ridge),  from  which  this  argillaceous  earth  was  extracted.  The 
kaolins  possess  very  characteristic  properties.  They  are  friable  in  the  hand,  meagre 
to  the  touch,  and  difficultly  form  a  paste  with  water.  When  freed  from  the  coarse  uid 
evidently  foreign  partides  interspersed  through  them,  they  are  absolutdy  infdsible  in 
the  porcelain  loin,  and  retain  theur  white  cclonr  tmidtered.  They  harden  with  heat 
like  other  days,  and  perhaps  in  a  neater  degree ;  but  they  do  not  acquire  an  equal 
condensation  or  solidity,  at  least  when  they  are  prafectly  pure.  Most  of  the  kaolin- 
clays  contain  some  spangles  of  mica,  which  betray  their  origin  from  granite. 

This  origin  may  be  regarded  as  one  of  their  most  distinctive  features.  Almost  all 
the  ^rceWn  days  are  evidently  derived  from  the  felspars  contained  in  granite, 
prindpally  in  those  rocks  of  felspar  and  quarts  called  'graphic  granite.'  Hence  they 
are  to  be  found  only  in  primitiye  mountain  districts,  among  banks  or  blodu  of  granite, 
forming  seams  often  of  very  considerable  thickness.  In  the  same  bed  quarts  and 
mica  occur,  while  some  portions  of  the  kaolin  retain  the  external  form  of  felspar. 

The  most  valuable  kaolins  have  been  fbund — 

In  China  and  Japan.  The  specimens  imported  from  these  countries  appear  prst^ 
white;  but  are  more  unctuous  to  the  touch,  and  more  micaceous  than  Um  poNdaio 
days  of  France. 

In  Saxony.  The  kaolin  employed  in  the  porcelain  manu&ctories  of  that  country 
has  a  slight  yellow  or  flesh  colour,  which  disappears  in  the  kiln,  proving,  as  Wallerius 
observed,  that  this  tint  is  not  owing  to  any  metoUio  matter. 

In  France,  at  Saint-Trieix-la-Perdie»  about  10  leagues  from  Limoges.  The  kaolin 
occurs  there  in  a  bed,  or  ^hai)s  a  vein,  in  beds  of  granite,  or  rather  Sf  that  fdspathie 
rock  called  Pe-tun-tse,  wmch  exists  there  abundantly.  This  kaolin  is  generally  white» 
but  sometimes  a  little  yellowish,  with  hardly  any  mica.  It  is  meagre  to  tiie  toudi, 
and  some  beds  indude  large  grains  of  quarts,  called  pebbly  by  the  China  manu- 
facturers. This  variety,  when  ground,  affords,  without  Uie  addition  of  any  fbsible 
ingredient,  a  very  transparent  porcelain. 

Near  Bayonne.  A  kaolin  possessing  the  lamellated  structure  of  felspar  in  many 
places.    The  rock  containing  it  is  a  graphic  granite  in  every  stage  of  decomposition. 

In  England,  in  the  counties  of  Devonshire  and  ComwidL  The  kaolin  or  China- 
day  is  very  white,  and  more  unctuous  to  the  touch  than  those  upon  the  continent  of 
Europe  mentioned  above.  Like  them  it  is  supposed  to  result  from  the  decomposition  of 
the  felspars  entering  into  the  composition  of  sranite. 

Nature  has,  up  to  a  certain  point,  provided  the  artide  which  man  requires  for  the 
elaboration  of  die  most  perfect  production  of  the  potters'  art  The  day— China 
cla^,  as  it  is  commonly  called,  or  haoUnf  as  the  Chinese  have  it— is  quarried  from 
.  amidst  the  granitic  masses  of  Dartmoor  and  of  Cornwall.  We  are  not  at  all  satisfied 
with  any  of  the  theories  which  have  been  put  forward  to  account  for  the  formation  of 
porcelain  clay.  It  is  commonly  stated  to  oe  a  decomposed  granite ;  this  rode,  as  is 
well  known,  consisting  of  mica,  quarts,  and  fdspar,  with  sometimes  schorl  and  horn- 
blende. The  felspar  is  supposed  to  have  decomposed  ;  and,  as  this  forms  the  largest 
portion  of  the  mass,  the  granite  is  disintegrated  by  this  process.  We  have,  therefore, 
the  mica,  quartz,  and  the  day,  forming  together  a  soft  mass,  lying  but  a  d^ort  dis- 
tance below  the  surfioce,  but  extending  to  a  considerable  depth.  It  is  <^uite  evident 
that  this  stratum  is  not  (Uponted ;  had  it  been  so,  the  partides  constituting  the  mass 
would  have  arranged  themselves  in  obedience  to  the  law  cf  gravity,  towards  which 
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there  is  not  the  slightefli  attempt  But  we  do  not  know  by  what  process  the  decom- 
position of  the  solid  cranite  could  have  been  effected  to  a  depth  from  the  snr&ce 
of  upwards  of  one  honored  feet»  and  then,  as  it  often  does,  sudoenly  to  cease.  This, 
however,  is  a  question  into  which  we  cannot  at  present  enter.  The  laiigpest  quantity 
of  porcelain  or  China-clay  is  manufactured  in  Cornwall,  especially  about  St.  AusteU 
ana  St  Stephen's. 

A  spot  being  discovered  where  this  substance  abounds,  the  operation  is  commenced 
by  removing  the  vegetable  soil  and  substratum,  called  by  the  workmen  the  offerimrdm, 
which  varies  in  depth  from  about  three  to  ten  feet  The  lowest  part  of  the  ground  is 
thus  selected,  in  order  to  secure  an  outlet  for  the  water  used  in  washing  the  clay. 
The  overburden  being  removed,  the  day  is  dug  up  in  stopea :  that  is,  in  successive 
layers  or  courses,  and  each  one  being  excavated  to  a  greater  extent  than  the  one 
immediately  below  it,  the  8tope$  resemble  a  flight  of  irregular  stairs.  The  depth  of 
the  ChtnO'Clav  pits  is  various,  extending  from  twenty  feet  to  flfty  feet 

The  day  when  first  raised  has  the  appearance  and  consistence  of  mortar;  it  contains 
numerous  grains  of  quartz,  which  are  oisseminated  throughout  in  Ihe  same  manner 
as  in  granite.  In  some  parts  the  day  is  stained  of  a  rusty  colour,  from  the  presence 
of  veins  and  imbedded  portions  of  shorl  and  quarts ;  these  are  called  by  the  wodonen 
weed,  oaplct  and  shell,  ^ich  are  carefully  separated.  The  day  is  next  conveyed  to 
the  floor  of  the  washing  place,  and  is  then  ready  for  the  first  operation  of  the  process. 

A  heap  of  the  clay  being  placed  on  an  inclined  platform,  on  which  a  little  stream  of 
water  faXLa  from  the  height  of  about  six  feet  the  workman  constantlv  moves  it  and 
turns  it  over  with  a  piggle  and  shovel,  by  which  means  the  whole  is  gradually 
carried  down  into  an  oblong  trench  beneath,  which  is  also  inclined,  and  wmch  ends 
in  a  covered  channel  that  leads  to  the  catch^pUs  about  to  be  described.  In  the  trench 
the  grains  of  quarts  are  deposited,  but  the  c^er  parts  of  the  clay,  in  consequence  of 
their  greater  levity,  are  carried  awaj^  in  a  state  of  suspension. 

This  water  is  conducted  into  a  series  of  pts,  each  m  which  is  about  eight  feet  long, 
four  in  breadth  and  in  depth,  and  is  lined  on  the  sides  and  bottom  with  cut  moorstone, 
laid  in  a  waterproof  cement  In  these  pits  the  porcelain  earth  is  gradually  deposited. 
In  the  first  pit  the  grosser  partides  collect ;  and  being  of  a  mixed  nature,  are  alwavs 
rejected  at  the  end  of  each  day's  work  bv  an  opening  provided  for  that  purpose  at  the 
bottom  of  the  pit  When  the  water  has  filled  the  first  pit  it  ovemows  into  the 
second,  and  in  like  manner  into  the  third ;  and  in  these  pits,  particularly  in  the  second, 
a  deposit  also  takes  place,  which  is  often  preserved,  and  is  called  by  the  workmen 
ffifca.  The  water,  stiU  holding  in  suspension  the  finer  and  purer  partides  oi  porcelain 
clay,  next  overfiows  into  larger  pits,  called  ponds,  which  are  of  the  same  depth  as  the 
first  pits,  but  about  three  times  as  long  and  wide.  Here  the  clay  is  gradually 
deposited,  and  the  dear  supernatant  water  is  from  time  to  time  discharged  by  plug- 
holes on  one  side  of  the  pond.  This  process  is  continued  until,  by  successive  accumu- 
lations, the  ponds  are  filled.  At  this  stage  the  day  is  in  the  state  of  a  thick  paste, 
and  to  complete  tiie  process,  it  remains  to  be  consolidated  by  drying.  Formerly,  the 
clay  was  dried  by  exposure  to  atmospheric  infiuences  only ;  but  the  demand  for  clay 
has  been  so  large,  that  artificial  heat  is  now  applied  to  the  brick  tanks,  bo  as  to 
quicken  the  evaporation  of  the  water.  When  suffidently  dry,  the  clay  is  cut  into 
oblong  cakes,  and  is  ready  for  the  market 

The  following  remarks  on  the  days  and  plastic  strata  of  Great  Britain  are  from 
the  pen  of  Mr.  (^rge  Maw,  who  has  brought  to  bear  upon  the  subject  much  gQdogical 
and  chemical  knowledge,  coupled  with  great  experience  as  a  practical  potter.* 

'  Plastic  strata  may  be  defined  as  beds  of  mechanical  origin,  containing  alumina  as 
an  essential  constituent  which  have  undergone  little  or  no  consolidation,  or  been 
subject  to  metamorphic  action. 

'  Although  common  to  various  geological  formations  from  the  palaeozoic  to  the  most 
recent  deposits,  a  very  large  proportion  of  plastic  strata  applicable  to  ceramic  manu- 
fiictures  occurs  in  the  recent  and  tertiary  beds. 

'  Plastic  strata  diminish  in  frequency  as  the  older  deposits  are  approached :  in  the 
earlier  palffiozoic  formataons,  the  beds  which  were  at  the  time  of  decomposition  soft 
days  and  marls,  occur  for  the  most  port  as  shales  and  slates,  or  have  undergone 
fiirther  metamorphism  into  hard  porcelainites  and  other  altered  rocks  unavailable  for 
the  potters'  use.  Indeed,  the  verv  changes  which  the  {totter  efl&cts  by  artificial  heat 
have,  as  reguds  the  earlier  rocks,  be^  anticipated  in  the  laboratory  of  nature, 
pressure  in  combination  with  heat  having  altered  their  original  soft  and  plastic  condi- 
tion, changing  them  into  the  hardest  rodks. 

*  It  must  not,  however,  be  supposed  that  all  days  of  economic  applicability  occur  in 
a  soft  and  plastic  state,  as  every  gradation  exists  between  hard  metamorphic  rocks 

*  These  remarks  are  taken,  with  slight  alterationB,  from  Mr.  Maw's  Appendix  to  the  *  Catatogne  of 
Bilt&di  Pottery  in  the  Mnwmn  of  PriKstical  Geology.^   2nd  edition,  ISn. 
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and  the  softeflt  da^rs,  and  many  of  the  most  Taltutble  clays  oocnr  in  a  Bemi-indunted 
condition,  are  mined  by  the  procoss  of  blasting,  and  brought  to  the  sut£m»  in  hard 
rock-like  masses.  These,  by  ezposnre  to  atmospheric  changes  and  alternations  of 
wet  and  drought,  frost  and  thaw,  are  speedily,  by  the  process  known  as  weathering, 
disintegrated  and  reduced  to  the  plastic  condition. 

'  The  state  qf  mechanieal  eubdmeian  is  of  no  little  importance  in  the  applicability  of 
clays  to  the  yarious  purposes  of  ceramic  manufacture.  ±ivezy  gradation  eadsts  between 
an  almost  imj^pable  condition  and  a  mixture  of  coarse  and  fine  matter,  the  coarse 
residue  of  which  sometimes  forms  as  much  as  10  or  20  per  cent,  of  the  entire  weight 

'  Bearing  in  mind  that  most  day-strata  result  from  the  mechanical  disintegration 
of  older  rocks,  it  will  be  easily  understood  that  their  state  of  subdivision  has  been 
dependent  fbr  the  most  part  on  the  transporting  and  sorting  agencies  of  water, 
carrying  away  and  separating  the  finer  particles  held  longer  in  suspension  than  the 
coarse  matter. 

'Thejarijgin  of  some  of  the  finer  white  claTS  must,  however,  be  attributed  to  the 
chemical  dissolution  of  calcareous  rodu  by  the  agency  of  carbonated  water,  the  in- 
soluble  silica,  alumina,  magnesia,  &c,  assodated  with  carbonate  of  lime  in  chalk  and 
limestone  in  the  finest  state  of  subdivision,  being  left  behind  as  an  impalpable 
residuum.  The  writer,  in  a  paper  on  *  The  sources  of  the  materials  composing  the 
white  davs  of  the  Lower  Tertiaries,'  published  in  the  'Quarterly  Journal  cS  the 
Geological  Sodety '  (voL  zziii.  p.  387),  suggested  such  a  derivation  from  the  chalk,  of 
the  smooth  clays  of  BoveyTracey  and  Newton  Abbot,  and  of  dmilar  cl&js  from  the 
Lower  Bagshot  beds  of  Wareluun,  and  it  seems  scarcely  open  to  question  that  the 
white  days  resting  on  the  carboniferous  limestone  of  Nortn  Wales,  Derbyshire,  and 
Tipperary,  are  the  remnants  of  the  subaerial  dissolution  of  the  limestone.'* 

Tke  chemieal  com^poeUion  of  plastic  strata  varies  as  mudi  as  their  medianical  condition. 
They  may  be  generally  described  as  an  association  of  silicate  of  alumina,  alumina, 
free  silica,  and  magnesia,  with  more  or  less  water  of  combination.  Clays  and  maris 
scarcely  ever  occur  entirdy  free  from  iron,  to  which  their  colour  is  mainly  due ;  it 
eidsts  in  various  states  of  combination,  frirther  referred  to  bdow.  Oarbonaceous 
matter,  e^>edally  in  the  tertiary  and  carboniferous  clays,  is  frequently  associated  in  a 
fine  state  of  subdivision,  and  the  alkalis  are  generally  present  in  variable  proportions 
both  as  silicates  and  carbonates. 

Contraeiion  in  Burning, — lliis  character  is  of  so  much  importance  in  all  branches  of 
ceramic  manu&cture  that  it  may  be  of  interest  to  notice  one  or  two  features  that  the 
experiments  exhibit 

The  amount  of  contraction  in  burning,  due  partly  to  the  loss  of  water  of  oombinatioa 
and  of  the  carbonic  add  in  the  carbonates,  when  present,  and  to  the  ignition  of  any 
carbonaceous  matter  contained  in  the  days,  but  more  espedall^  to  the  drawing  to- 
gether of  the  partides  in  the  production  of  vitreous  silicates,  is  very  variable,  and 
depends  both  on  the  chemical  and  mechanical  composition  of  the  days.  The  presence 
of  the  alkalis  and  iron  tends  to  complete  vitrification,  which  is  always  accompanied 
by  a  great  amount  of  contraction,  and  the  production  of  a  glass-like  body  with  a  oright 
conchddal  fi»cture.  On  the  other  hand,  in  days  containing  much  firae  silica  or  even 
silicate  of  alumina  without  the  accompaniment  of  the  fiuxing  alkalis,  a  small  amount 
of  contraction  takes  place  and  an  open  porous  *  body'  is  the  result 

The  amount  of  contraction  is  not  less  due  to  the  state  of  mechanical  subdividon  of 
the  constituent  partides.  Clays  in  a  coarse  state  of  subdivision  and  containing  a 
large  proportion  of  gritty  matter,  espedally  of  silidous  sand,  invariably  contract 
loss  in  burning  than  those  of  smooth  and  fine  texture,  in  which  the  constituents 
are  in  an  impalpable  state  of  subdivision ;  this  will  be  at  once  seen  by  a  comparison 
of  the  amount  of  contraction  of  slabs  composed  of  the  coarse  clay  in  its  natural 
state  with  those  moulded  from  the  clays  from  whidi  the  coarse  partides  have  been 
removed ;  and  the  larger  the  proportion  of  coarse  matter  in  tne  native  day  the 
greater  is  the  difference  between  the  amount  of  contraction  of  the  day  in  its  natural 
and  refined  states.  The  average  contraction  observed  in  a  considerable  number  (122) 
of  burnt  slabs  composed  of  the  native  unrefined  dav  amounted  to  6*01  per  cent,  ana 
of  the  burnt  slabs  of  refined  clay  to  7*53  per  cent  of  the  original  mouldoi  sise.  This 
appears  duo  to  two  causes :  first  that  a  mixture  of  large  and  small  partides  is,  to 
begin  with,  actually  more  dense  than  a  mass  of  partides  of  equal  sise,'  and  therefore 
acbuts  of  less  contraction  in  the  drawing  together  of  the  partides  in  vitrification ;  and, 
secondly,  that  the  coarser  subdivision  and  less  intimate  contact  seem  to  Mnder  the 
recombination  of  the  constituents  as  vitreous  silicates  in  iJie  process  of  bnraiDg. 

*  See  papers  on  this  subject  by  the  writer  at  pp.  241  and  399,  vol.  iv.,  of  the  *  Geological  Magaadne.' 

*  niuatzated  by  the  fiaot  that  a  buencl  of  shot  weigtas  the  same  as  a  bushel  of  Imllets,  bat  is 
exceeded  in  wei^  l^  a  bushel  of  mixed  shot  and  bullets,  the  small  shot  fllUng  the  Taoandes 
between  wlthont  dlflpudng  the  larger  spheres. 
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Few  days  prodnee  ft  perfectly  vitxeoiui  and  imabsorbent  body.  Soma  bunt  daba 
approach  to  a  glassy  texture,  -wnile  others  are  so  higUy  silicioiui  and  coarse  in  grain 
as  to  be  held  together  by  a  rery  slight  cohesiim.  xhese  are  in  the  bnmt  state 
open  and  spongy,  and  have  undergone  but  little  contraction  in  the  kiln.  Such  days* 
as  for  example  those  from  the  North  Worcestershire  coalfield,  of  winch  the  celebrated 
Stonrbridge  fire-bricbi  are  made,  are  tiom  their  refractory  character  eminently  suitable 
for  the  mann&cture. 

The  great  majority  of  clays  are  intermediate  in  character  between  these  two 
extremes,  and  after  the  process  of  burning,  form  a  compact  but  slifhtly  porous  body, 
subject  to  a  moderate  amount  of  contraction,  and  are  available  va  general  pottery 
purposes. 

The  Colouring  Matter  cf  CUa/8,—J^o  natiye  day  is  entirdy  free  from  the  presenea 
of  iron  which  occurs  in  aluminous  earths  in  yarious  proportions  and  states  of  oomHna* 
tion.  Those  most  free  from  iron  are  the  white  lower  tertiary  clays  of  Beron  and 
Dorset,  largely  exported  from  Tdgnmouth  and  Poole  for  the  manufacture  of  white 
earthenware ;  for  this  purpose  the  absence  of  iron  is  a  matter  of  great  importance,  as 
it  imparts  to  the  ware  a  yellowish  tint,  to  obviate  which  it  is  found  necessary  to  doak 
and  neutralise  the  natural  cream  colour  of  the  burnt  clay  by  the  admixture  of  very 
small  proportions  of  cobalt  blue. 

Iron  in  the  white  and  grey  tertiary  days  occurs  inrindpally  in  the  form  of  grey 
carbonate  of  protoxide,  generally  in  association  with  nndy-diyided  carbonaoeons 
matter,  in  ^^nroportions  varying  from  a  mere  trace  un  to  4  or  5  per  cent  ^ 

Iron,  which  is  so  prejudioal  in  days  employed  foe  white  pottery,  is  an  essential 
colouring  matter  in  those  used  in  the  manufacture  of  terra  cotta,  encaustic  tiles,  brides, 
and  all  common  pottery. 

These  may  be  considered  separately  as  (a)  Grey  days.  (5)  Ydlow  days,  (c)  Bed 
days, 
(a)  Grey  6lau8,  so  largely  developed  ns^clftnehes*  and  fire-days  in  the  carbona- 
ceous beds  of  the  coal-measures,  owe  their  colour,  in  addition  to  the  presence 
of  carbonaceous  matter,  to  carbonate  of  protoxide  of  iron  in  a  fine  state  of 
subdivision,  and  occasionally  to  the  presence  of  finely-divided  pyrites,  oar 
bisulphide  of  iron,  which  also  occurs  in  the  London  clay,  gault,  &c 

A  pale  grey  day,  almost  white,  from  the  base  of  the  Ashdown  Sands 
(Weaiden),  near  Hastings,  contains  a  much  larger  proportion  of  ircm 
than  ito  colour  would  seem  to  indicate,  from  its  occurring  in  the  form  of 
the  comparatively  colourless  basic  sulphate,  of  wliich  there  is  1'68  per  cent, 
present. 
(6)  YtMow  days  are  coloured  by  hydrous  sesquioxide  of  iron,  and  generally  occur 
as  surface  deposito,  or  where  red  and  gray  da^  have  l«en  sulgect  to 
weathering,  as  on  exposed  surfaces  or  along  lines  of  jointing.  They 
occasionally  occur  interstratified  with  red  and  grey  beds,  but  appear  more 
generally  to  be  the  result  of  a  kind  of  rusting  process.  Grey  carbonate  of 
iron  on  exposure  to  watery  infiltrations,  accompanied  by  atmospheric  oxida- 
tion, becomes  converted  into  the  yellow  hydrous  sesquioxide ;  and  bisulphide 
of  iron,  which  readily  decomposes  under  similar  cireumstances,  becoTnes  con- 
verted partly  into  sulphate  of  protoxide,  and  partly  into  hydrous  sesquioxide, 
to  the  presence  of  which  the  yellow  joint-surfaces  of  tibe  London  clay  and 
gault  are  due. 

Yellow  days  have  also  been  derived  from  red  beds  by  the  red  anhydrous 
sesquionde  and  the  lower  hydrates  receiving  water  of  combination, 
(o)  Red  clays  and  marls,  e.g,  those  of  the  Keuper,  Old  Red  beds,  penman,  coal* 
measures,  the  middle  wealden,  the  Neocomian  strata  of  France,  the  plastic 
day  of  the  London  and  Paris  basins,  and  other  tertiary  strata,  derive  their 
colour  from  the  presence  of  anhjydrous  sesquioxide  and  Uie  lower  hydrous 
oxides  of  iron  which  occur  in  variable  proportions,  and  are  generally  asso- 
ciated with  small  quantities  of  iron  in  other  states  of  combination,  the 
colour  of  which  the  red  oxide  obscures.  Red  hematite  may  be  dted  as  a 
familiar  example  of  almost  pure  anhydrous  sesquioxide  of  iron,  whidi,  when 
finely  dividea,  has  a  strong  colouring  power.  The  red  Keuper  marls 
receive  their  colour  from  about  3  per  cent,  of  this  anhydrous  sesquioxide, 
whilst  the  red  clays  of  the  argile  jplasHque  of  Paris,  and  of  the  Neocomian 
beds  of  Beauvais,  used  in  the  manufacture  of  the  celebrated  Beauvais 
pottery,  contain  as  much  as  20  per  cent,  equivalent  to  15  or  16  per 
cent,  of  metallic  iron.  Nearly  all  such  red  days  are  variegated  by  lighter 
patches  from  which  the  oxide  of  iron  has  been  abstracted ;  partly  by  a 
segregational  process,  drawing  together  the  iron  into  ferruginous  nodules  of 
hydrous  sesquioxide,  and  also  from  ite  dissolution  by  the  adds  of  oiganie 


Digitiied  by  VjOOQIC 


CLAY  813 

«  decomposition  derived  from  imbedded  oiganic  remains.  Details  of  the 
analysis  of  red  and  other  days  will  be  foand  in  a  paper  by  the  writer  '  On 
the  Disposition  of  Iron  in  Variegated  Strata/  Quarterly  Journal  of  the  Geo- 
logical Society,  vol.  rax.  p.  361. 

The  Colouring  of  Burnt  Claya, — ^The  colour  of  burnt  ferruginous  clays  is  entirely 
due  to  the  amount  of  iron  present,  irrespective  of  its  previous  state  of  combination, 
but  subject  to  certain  conditions  in  the  general  oompositacm  of  the  clay.  The  action 
of  the  kiln,  with  some  exceptions  referred  to  below,  is  uniform  on  nearly  everjr  state 
of  combination  in  which  the  iron  occurs ;  viz.,  to  reduce  it  to  anhprdrous  sesquioxide 
associated  as  silicates  in  a  more  or  less  intimate  state  of  combination  with  the  other 
silicates  developed  in  the  process  of  burning. 

Yellow  days  coloured  with  hydrous  sesouioxide  (e.^.  yellow  ochre),  and  red 
clays  coloured  with  anhydrous  sesquioxide,  and  the  lower  hydrates  merely  lose  their 
water  of  combination  and  become  bright  brick  reds  {e^,  red  ochre  and  Venetian  red). 

Grey  clays  containing  finely-divided  pyrites  or  bisulphide  of  iron  are  also  converted 
by  the  Idln  into  bri^t  reds,  the  sulphur  being  driven  oC  leaving  the  terra  cotta 
charged  with  the  red  anhydrous  sesquioxide. 

In  clays  charged  with  grey  carbonates  of  iron  the  following  reaction  takes  place : 
The  carbonic  acid  (CX)*)  is  &ven  off  as  carbonic  oxide  (CO),  part  of  its  oxygen  per- 
oxidising  the  iron. 

Grey  clays  containing  less  than  1  or  I^  per  cent  of  iron  change  in  the  kiln  to 
various  shades  of  cream  colour  and  bnf^  whilst  those  containing  fhmi  2  to  10  or  12 
per  cent,  range  in  colour  from  yellowish  &wn  to  dark  zeds ;  &om  3  to  4  per  cent,  of 
iron  produces  in  the  kiln  the  bright  red  bodies  used  in  tha  Biaini&etare  c^  red  terra 
cotta,  encaustic  tiles,  red  building  bricks,  &c  There  seems  to  be  no  essential  diffe- 
rence (with  the  exception  noticed  below)  in  the  colouring  matter  of  the  days  that 
bum  buff  and  those  that  bum  red  in  the  kiln,  the  depth  of  odour  depending  merdy 
on  the  amount  of  iron  present,  the  buff  shades  regularly  graduating  into  the  deeper 
shades  of  red.  • 

The  brightest  shades  of  red  and  buff  are,  however,  produced  with  but  a  partial  vitrifi- 
cation of  the  body.  At  a  heat  sufficient  to  insure  its  complete  vitrification  a  further 
chauffe  of  colour  takes  place.  The  bright  buff  shades  are  changed  to  neutral  grej^s, 
and  uie  reds  to  a  slat^-greyish-black,  which  probably  results  ^m  a  partial  reduction 
of  the  metallic  cdounng  matter  and  its  more  intimate  combination  with  the  other 
vitreous  silicates  produced  at  the  higher  temperature.  In  days  containing  a  large 
proportion  of  carbonaceous  matter  the  complete  peroxidation  and  consequent  colouring 
power  of  the  iron  seems  to  be  arrested.  In  a  olack  carbonaceous  day  fhmi  Bovey 
Tracey,  containing  18  percent,  of  oiganic  matter,  the  combustion  of  the  carbon  in  con- 
tact with  the  ferruginous  oxides  seems  whdlv  or  partially  to  have  reduced  them  to  a 
metallic  state,  or  lower  oxide  having  less  colouring  power  than  the  sesquioxide,  and 
a  remarkable  bleaching  of  the  burnt  day  has  been  the  result.  The  presence  of  the 
alkaline  earths  in  ferruginous  days,  especially  of  lime  and  magnesia,  has  also  a  in"g"l«^y 
bleaching  power  in  the  kiln,  arresting  the  devdopment  of  the  bright  red  cdour.  A 
Permian  marl,  containing  6  |>er  cent,  of  sesquioxide  of  iron  and  35  per  cent  of  carbon- 
ate of  lime,  bumed  of  a  greyish  buff  instead  of  the  rich  red  such  a  proportion  of  iron 
would  otherwise  have  produced.  From  some  experiments  made  by  uie  writer,  it  has 
been  ascertained  that  as  small  a  ]proportion  as  5  per  cent,  of  caustio  magnesia  mixed 
with  a  red  day  entirely  destroys  its  red  colour  in  the  kiln,  pobably  from  the  produc- 
tion of  a  pale-cdoured  double  silicate  of  iron  and  the  alkaline  earth.  A  mmiliar 
example  of  this  reaction  occurs  in  the  process  of  manufacturing  yellow  bricks  in  the 
neighbourhood  of  London,  the  cdour  of  which  is  depndent  on  the  admixture  of 
ground  chalk  with  brick  earth,  the  brick  earth  by  itsdi  burning  of  a  red  odour.' 

The  composition  of  ordinazy  day  will  be  seen  from  the  f dlowing  analyses,  by  Hr. 
T.  H.  Henry:— 

1.  Fire-day  (Stourbridge,  Brierly  Hill) : 

Silica 51*80 

Alumina 80*40 

Protoxide  of  iron 4*14 

Magnesia '50 

Water  and  OKganio  matter IS'll 

99*95 
With  trace  of  soda. 

2.  Three  samples  of  Fire-clay  firam  Wales :— No.  L  inferi<» ;  the  other  two  good ; 
Na  m.  the  beet 


Digitized  by  VjOOQIC 


814 


OLAT 


SiUca. 

Alumina 

Oxide  of  iron 

Magnesia  .... 

Soda. 

Water  and  organic  matter 

I 
60-35 
23-50 
10-40 
1-46 
1-66 
1M6 

n 

66-90 

24-90 

2-83 

1-07 

300 

11-60 

m 

64-80 

27-60 

2-66 

1-00 

200 

11-80 

3.  Clay  making  good  red  bricks  :- 
Silica     .... 

9910 

100-30 

99-76 
50*40 

2400 

Carbonate  of  lime  . 

2-70 

„           magnesia    . 

1-30 

Water,  &c    . 

21-fiO 

100-00 

4.  Clay  inferior,  on  account  of  exicess  of  carbonate  of  lime;  efibrvceced  strongly  with 
acids  :— 

Silica as-o« 

Oxide  of  iron  and  alumina 

11-20 

Carbonate  of  lime  . 

89*80 

„           magnesia 

6-00 

Water,  &c     .  "    . 

10-00 

5.  Black  shale  firam  coal-measures,  Dudley:— 
Silica     .        .    *  . 

10006 
48-76 

Alumina        .        .        , 

17*96 

Oxide  of  iron.        .        . 

16*70 

lime     .... 

2*32 

Magnesia                       • 

1-60 

Water,  &c.    . 

13*36 

99-67 
The  production  of  the  finer  kinds  of  day  was  as  follows,  in  the  years  given : — 


ProductioQ  in  1866 
Do.  1866 

Do.  1867 

Do.  1868 


Production  in  1866 
Do.  1866 

Do.  1867 

Do.  1868 


COBNWALL. 

KAOLnr,  oommonfy  catted  China  Clay, 

T008 

.      97,760 
.     106,000 


127,000 
100,000 


Production  in  1869 
Da  1870 

Do.  1871 

Do.  1872 


China  Stone, 
Tom 
26,600 
86,000 
33,600 
29,000 


Production  in  1869 
Da  1870 

Do.  1871 

Da  1872 


ahipnmti  in  1872  of  China  Clay  and  China  Stone, 


Shipped  St 

Charlestown 

Pentuan    . 

Par 

Fowey  • 

New  Qioay 


Tom 
200 

3,346 
36,033 
20,671 
62,407 
19,770 

6,966 


Shipped  at 
Troro 
Falmouth. 
Porthleven 
Plymouth 


}     From 


Sutton  Harbour  VDeyonand 
Laira  .J  Cornwall 

Pensance  .... 


106,700 
110,620 
126,000 


Tods 
28,600 
32,600 
33,000 


Tons 

2,000 

29,687 

676 

13.701 

8,687 

20,106 

260 


Tons 


Sent  on  by  Bailway «        964 
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8t.  Agnes  Oay,  ^^ 

Shipped  for  Wales,  1865 1,566 

I>o-                1866 11524 

I>o.                1867 1,316 

Do.                1868 979 

Do.                1869 876 

Do.                1870 946 

Do.                1871,  year  ending  March  Slst .        .  774 

5°-                1872 1,201 

Do.               1873 1,657 

Candh  Clay  used  in  the  Mines  1871,  year  ending  Sept.  80    ...        .         4^ 
».       1872        „  , 875 

Dbtokshibb. 
CkmaClay, 

JjdB  Moor  and  other  China  Clay  WoikB,  on  Dartmoor,  1872  ....    26  982 
Pipe  and  PcUeiri  Clay  shipped  at  Teigninouth,  the  produotion  of  Newton  and 

Neighbondiood 62,141 

Total  of  Devonshire 79,123 

Of  Potters'  Material  there  were  imported  into  Uie  Potteries  by  Trent  andl     , .«  * 

Mersey  Navigation,  (01^,  &c.)         .                         .        .                ./    143,996 
And  by  North  Sta£(brdBhire  Bailway,  (day,  &c.) 12,479 


o&Airnoir  STOVa.    See  Ibon  Obbs. 

cnbATZTS.    A  variety  of  Gkilena.    See  Iaad. 

OXULT-BXJkTB.    Axgillaceous  Schist    See  Slats. 

OftlLTBTOVa.  An  earthy  felspathic  rode,  occurring  in  veins  and  in  mountain 
masses.  It  becomes  poiphyritic  by  the  intermixtnre  of  folspar  ciystala,  and  is  then 
known  as  dayatone  porpfyry. 

OlMAT*  It  is  well  known  that  most  coals  have  a  tendency  to  split  not  only 
along  tike  plane  of  bedding,  bat  also  along  two  sets  of  divisional  planes,  nearly  at  right 
angles  to  the  bedding  and  to  one  another.  The  coal  may  thus  be  split  into  rough 
cuboidal  fragments.  One  of  these  two  sets  of  vertical  planes  is  mu^  more  marked 
than  the  other,  and  the  smooth  clean  surface  of  the  coal  coinciding  with  this  well- 
defined  set  of  joints  is  known  as  the  deat^face,  or  eiyne ;  whilstthe  other  vertical 
surface  is  called  the  ««<?  or  back  of  the  coal.  The  direction  of  the  deat  is  often 
constant  over  a  large  area,  and  advantage  is  taken  of  this  constancy  in  laying  out  the 
workings  of  a  colliery. 

cnuUkVAOB.  The  tendency  of  a  crystal,  or  crystalline  substance,  to  split  more 
readily  in  certain  directions  than  in  others.  The  property  was  originally  obseired  in 
calc-spar  (carbonate  of  lime),  a  mineral  which  erystedlises  in  a  great  variety  of 
external  forms,  but  may  always  be  readily  cleaved  along  the  planes  of  a  definite 
rhombohedron.  The  natural  deavag^  of  a  mineral  is  frequently  taken  advantage  of 
bjr  the  lapidary,  in  cutting  hard  stones ;  thus,  a  crystal  of  diamond,  though  excesavely 
difi&cult  to  cut,  can  be  very  easily  split  or  cleaved  parallel  to  the  fitces  of  a  regulu 
octahedron. 

By  geolo^sts,  the  term  deavaye  is  used  in  a  different  sense.  Oertain  rocks,  such  as 
slate,  exhibit  a  tendency  to  split  into  very  thin  parallel  plates,  and  the  direction  of 
this  cleavage  is  often  constant  throughout  great  masses  of  rock.  This  slaty  deavage 
is  not  to  be  confounded  with  the  '  lamination '  of  a  rock,  or  the  &cility  with  whichit 
divides  into  parallel  lamina  along  the  planes  of  stratification.  The  deavage,  though 
it  may  acddentally  coindde  with  the  beddinff,  usually  cuts  across  it,  at  varioms 
angles,  and  is  evidently  a  structure  superinduced  in  the  rock  after  its  original 
deposition.  Physical  researches  on  this  subject  have  shown  that  slaty  cleavage  may 
be  devdoped  by  lateral  compression,  the  direction  of  the  planes  of  cleavage  being  at 
right  angles  to  the  direction  in  which  the  pressure  has  been  applied.  The  ordinary 
day-slates  used  for  roofing  are  prepared  by  splitting  the  mase  along  its  planes  A 

deavage^ 

COUOST  WMITfl.  A  white  lead  manufiEustured  at  Clichy  in  France.  See 
Wbttb  Lead. 
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rAOTUBa  4kV]l  VMMMtUMUm    See  Wooiuor  and  Woqk. 

O&OVBT   cnA&OS3>OWT«     Chalcedooy  displaying  eloo^y  spots  in  &  pale 

grey,  semi-transparent  base. 

O&OVBR.  fodder  plants  belonging  to  the  genus  liifoliunL  The  common  red 
doyer  is  DifoUum  pratetue.  The  white  or  Butdi  cloyer  T,  repms.  The  shamrock 
is  generally  considered  as  a  species  of  TrefoiL 

O&OVSff  Thb.  (CUm,  Fr. ;  Claw,  Span.)  The  dove  tree,  CarophyUm  aromatku*, 
is  a  small  tree,  firom  fifteen  to  thirty  feet  high,  a  native  of  the  Moluccas.  The  flowers 
are  odorous,  and  the  bark,  fruit,  leaves,  and  roots  are  all  more  or  less  aromatic 
The  flower  buds  are  the  cloves  of  commerce ;  when  prenared  they  have  the  appear- 
ance of  a  nail,  hence  their  name  from  ciaito,  a  naiL  The  buds  as  soon  as  they  are 
fi;athered  are  dried  in  smoke  over  a  flie,  in  the  sun,  or  in  a  kiln»  They  are  e^^orted 
in  small  boxes. 

The  clove  trade  was  at  one  time  the  monopc^  of  the  Dutch.  The  dove  tree  is, 
however,  now  cultivated  both  in  the  East  and  West  Indies,  but  the  finest  are  still 
brought  from  Amboyna  in  the  Holuceas. 

O&OVa  OZ&.  EuMmo  acid,  or  CaropkylUo  acid.  C»E}H>*  (0>«**0S).— When 
cloves  are  distilled  with  water,  a  large  quantity  of  oil  passes  over.  It  has  been 
examined  by  Dumas,  Ettling,  Bockmann,  Stenhouse,  Galvi,  and,  more  recently,  by 
Oreville  lIHlHams.  Treated  with  solution  of  potash,  the  greater  portion  dissolves, 
leaving  a  small  quantity  of  a  hydrocarbon  isomeric  with  oil  of  turpentine.  See 
Gabbubbttzd  Htdbogsk.  The  potash  solution,  on  being  supersaturated  with  a 
mineral  add,  allows  the  eugenic  add  to  rise  to  the  sunace  in  the  form  of  an  oiL 
When  freshly  distilled  it  is  odourless,  and  boils  at  438^  S.  Its  density  at  67^2  F.  is 
1  *0684.    On  analysis  it  gave : — 

GrerlUe  WllUuns 


(P 

120 

7317 

H»» 

12 

7-82 

0* 

82 

19*61 

Carbon     .        .    73-1    78-1     . 
Hydrogen.  7*7      7'6     . 

Oxygen     .        .    19*2    19-8     . 

100*0  1000  100*00 

The  density  of  its  vapour  was  found  to  be  6*86;  theory  requires  6*67.  Tlie 
above  results  were  confirmed  by  a  determination  of  the  percentage  of  baryta  in  the 
eugenate. — 0.  G.  W. 

O&OVBS.  The  new  bulbs  produced  from  the  subterranean  axis  of  the  hyacinth, 
lily,  onion,  and  the  like. 

O&VTBAliITmi  A  mineral  which  occurs  in  the  amyp;daloid  rocks  of  Kilpatridc 
Hills.  It  is  found  in  fieeh-red  vitreous  crystals,  and  consists  of  silica,  alumina,  iron, 
and  soda.  It  takes  its  name  from  ChUkOt  the  name  sometimes  given  to  the  valley  of 
the  Clyde. 

COA&.  (HouSle,  Fr.;  SUmkohle,  Oer.)  Coal  is  a  mineral  of  vegetable  origin. 
There  is  abundant  evidence  to  ytav^  this,  but  there  still  exists  consicbiable  uncer- 
tainty as  to  the  mode  of  conversion  and  as  to  the  conditions  under  which  ofur  coal- 
beds  were  formed.  This  is  not  the  place  for  the  discussion  of  these  questions ;  but  it 
appears  necessary  that  the  hypotheses  of  the  best  authorities  on  the  subject  should  be 
toofly  given. 

*  tibe  occurrence  of  vegetable  remains  in  all  kinds  of  ooal  is  sudi  convincing 
evidence  of  its  formation  from  vegetable  substances,  that  all  Author  proof  is  snper- 
fLvLaQs*—6uttav  Bitekqf, 

'There  are  few  varieties  of  coal  in  which  their  vegetable  orifi^  can  be  detected  by 
anatomical  examination.* — Oopperi, 

*  It  appears  from  the  researdies  of  Liebig,  and  other  eminent  chemists,  that  i^ien 
wood  and  vegetable  matter  are  buried  in  the  earth,  enosed  to  moisture,  and  partially 
or  entirely  exduded  fi!om  the  air,  they  decompose  slowly,  and  evolve  earbonie  add 
gas,  thus  parting  with  a  portion  of  their  original  oxygen.  Bv  this  means  they 
become  gradually  converted  into  lignite  or  wood-coal,  wludi  contains  a  larser  portaoa 
of  hydrt^^en  than  wood  does.  A  continuation  of  decompodtion  changes  uis  lignite 
into  common  or  bituminous  coal,  chiefly  by  the  discharge  of  carburc^ted  hydrogen 
or  the  gas  by  which  we  illuminate  our  streets  and  houses,  Aocordinff  to  macbat, 
the  inflammable  gases  which  are  always  escaping  from  mineral  coal,  anS  are  so  often 
the  cause  of  &tal  acddents  in  mines,  always  contain  carbonic  add,  carbuivtted 
hydrogen,  nitrogen,  and  oleflant  gas.  The  disengagement  of  all  these  (pradually  tiaiw- 
forms  ordinaiy  or  bituminous  coid  into  anthradte,  to  which  the  names  of  splint  ooa!* 
glance  coal,  hard  coal,  culm,  and  many  others  have  been  given.'— /yoff. 
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'These  drifts  of  plants  now  forming  streaks  of  coally  matter  in  the  sandstones  or 
shales  including  them,  are  sufficient  to  show  that  though  numerous  coal-beds  may  be 
the  result  of  the  growth  of  a  peculiar  vegetation  in  places,  the  roots  of  which  required 
and  penetrated  a  suitable  soil  beneath,  it  might  so  happen  that  oxtensiTe  s^  deep 
accumulations  of  drifted  plants  may  wholly  form  coal-beds  under  favourable  drcum- 
stances/ — De  la  Beche. 

True  coal  is  so  altered  from  its  original  vegetable  condition  as  to  have  left  scarcely 
any  trace  of  its  history.  It  is  generallv,  however,  associated  with  sands  and 
days,  exhibiting  numerous  fragments  of  the  ancient  vegetation  that  obtained  at  the 
time  of  its  formation  ;  but  these  fragments  are  so  &r  removed  in  every  respect  from 
the  existing  form  of  vegetation  as  to  afford  little  clue  to  the  condition  of  the  Earth 
in  this  respect.  In  coal  all  trace  of  true  woody  fibre  has  disappeared ;  the  water 
originally  present,  and  so  injurious  in  the  less  altered  forms  of  vegetable  fuel,  is  en- 
tirely absent,  or  if  present  at  all,  is  so  rather  mechanically  than  chemically,  while  the 
water  originally  in  the  plant  appears  to  have  undergone  decomposition,  the  hydrogen 
uniting  with  some  part  of  the  carbon,  to  form  carburetted  hydrogen  gas,  often  exist- 
ing in  the  cells,  and  between  the  plates  of  the  coal  under  considerable  pressure,  and 
the  oxygen  being  almost  entirely  removed.  The  former  vegetable  has  now  become  a 
mineral  substance,  and  lies  in  vast  beds  of  variable  thickness,  and  overlaying  each 
other  to  the  extent  sometimes  of  more  than  a  hundred  in  a  single  district ;  such  beds 
being  regi:darly  interstratified  with  deposits  of  sand  and  clay,  and  occupying  a  distinct 
geological  position,  being,  with  only  a  few  exceptions,  confined  to  rocks  l^onging  to 
Uie  newer  part  of  the  P^seozoic  series. 

The  changes  undergone  by  vegetable  matter  when  buried  in  the  earth,  and  accumu- 
lated in  large  quantities,  and  the  length  of  time  needed  to  produce  any  marked  altera- 
tion, are  subjects  rather  more  interesting,  it  may  seem,  to  the  chemist  than  to  the 
practical  man,  who  looks  only  for  fuel  that  he  may  employ  economically.  But  in- 
asmuch as  the  real  condition  of  coal  varies  considerably,  it  is  desirable  that  the  whole 
history  of  coal  and  lignite  beds  should  be  generally  understood  by  any  one  using  these 
substances. 

Vegetable  matter  consists  of  carbon  in  combination  with  oxygen  and  hydrogen, 
as  its  principal  constituents ;  nitrogen  forming  but  a  small,  although  an  important, 
part  in  its  economy.  A  large  quantity  of  w&ter  is  also  present ;  and  so  long  as  the 
vegetable  lives,  there  is  a  constant  change  and  circulation  of  material  particles  kept 
up,  replacing  and  renewing  the  different  portions.  When  death  takes  place,  there  is 
a  tendency  to  decomposition,  or  the  separation  of  the  whole  into  minute  atoms  having 
no  Airther  relation  to  each  other.  But  this  is  frequentiy  checked  by  various  condi- 
tions, such  as  the  presence  of  some  substances  derived  from  plants  themselves,  or  the 
absence  of  sufficient  oxygen  gas  to  allow  the  change  to  take  place  by  combining  with 
the  carbon  to  form  carbonic  acid  gas,  the  first  step  in  the  process  of  destruction. 
These  causes  act  constantiy  but  partially,  and  thus  a  large  quantity  of  vegetable 
matter  is  always  in  the  course  of  decomposition,  while  in  particular  spots  a  large 
quantity  is  constantly  being  accumulated.  The  latter  condition  is  seen  in  our  climate 
m  the  gradual  but  steady  increase  of  peat  bogs. 

That  coal  is  derived  from  the  vegetable  kingdom  no  longer  admits  of  a  doubt,  but 
the  class  of  plants  to  which  more  especially  we  are  to  look  for  the  origin  of  coal,  is  still 
a  matter  of  much  uncertainty.  The  idea  generally  entertained  is  that  which  supposes 
a  natural  basin  in  which  vegetable  matter  is  deposited,  the  layers  varying  inthiduiess, 
Becoming  covered  with  mud  or  sand. 

Some  microscopic  observers  assure  us  that  they  are  enabled  to  detect  ligneous 
structure  in  bituminous  coal.  Mr.  Quekett  has  given  a  great  number  of  drawings  in 
proof  of  this,  and  he  refers  the  coal  to  the  woody  matter  of  an  extinct  class  of  the 
Contfera,  Botanists  of  eminence,  however,  assure  us  that  there  is  no  evidence  of  ligne- 
ous structure  in  any  of  the  examples  brought  forward  in  proof  of  that  hypothesis. 
Others  maintain  that  such  structure,  though  observable  in  the  charcoal-like  layers 
called  *  mother  of  coal,'  cannot  be  detected  in  the  bituminous  parts,  and  that  by  far 
the  greater  portion  of  the  coal  is  composed  of  the  macrosporea  and  mUrospores  of 
Lepidodcndra,  and  other  lycopodiaceous  plants.  The  spores  of  these,  or  of  allied 
plants,  are  found  more  or  less  abundantiy  in  all  true  coal ;  indeed,  in  some  cases 
they  appear  to  make  up  the  mass  of  the  mineral,  whilst  in  others  they  seem  to  have 
been  crushed  together,  thus  forming  the  brown  streaks  commonly  seen  in  microscopic 
sections  of  coal. 

Sir  Charles  Lyell,  in  his  excellent  *  Manual  of  Elementary  Geology,'  enters  largely 
and  with  his  usual  lucid  manner,  into  the  consideration  of  the  carboniferous  plants. 
There  can  be  no  doubt  of  the  existence  of  the  remarkable  fiora  described  by  him  during 
the  period  when  our  beds  of  fossil  fhel  were  forming.  Beferring  to  Sir  William 
Logan  as  his  authority,  Sir  Charles  says,  *  It  was  observe  that  while  in  the  overlying 

Vol.  L  3  0 
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CObOTB  MAVUVAOTOma  AVB  INUMMVO.    See  Wooujor  and  Wool, 
O&OVBT   CBA&CBBOWT«     Chalcedony  displaying  doo^y  spoto  in  a  pala 

grey,  semi-transparent  base. 

OftOWB.  fodder  plants  belonffing  to  the  ffenns  J^ifolium,  The  common  red 
cloyer  is  Trtfolium  praiense.  The  white  or  Butdi  clover  T,  npem.  The  shamrock 
is  generally  considered  as  a  species  of  Trefoil 

O&OVB*  Teb.  (Clou,  Er. ;  Clavo,  Span.)  The  dove  tree,  Carophylhts  aramaHous, 
is  a  small  tree,  from  fifteen  to  thirty  feet  high,  a  native  of  the  Moluccas.  The  flowem 
are  odorous,  and  the  bark,  fruit,  leayes,  and  roots  are  all  more  or  less  aromatic 
The  flower  buds  are  the  doves  of  commerce ;  when  prenared  they  have  the  appear- 
ance of  a  nail,  hence  their  name  from  doffo,  a  naiL  The  buds  as  soon  as  they  are 
gathered  are  dried  in  amoke  over  a  fire,  in  the  sun,  or  in  a  kiln.  They  are  exported 
m  small  boxes. 

The  clove  trade  was  at  one  time  the  monopofy  of  the  Dutch.  The  dove  tree  is, 
however,  now  ctdtivated  both  in  the  East  and  West  Indies,  but  the  finest  are  still 
brought  from  Amboyna  in  the  Mduceas. 

O&OVa  OI&.  Eugenie  acid,  or  CarophfiUe  aeid.  O^B}H>*  (Oi^>HM).— When 
cloves  are  distilled  with  water,  a  large  quantity  cf  oil  passes  over.  It  has  been 
examined  by  Dumas,  Ettling,  Bockmann,  Stenhouse,  Oalvi,  and,  more  recently,  by 
Qreville  WuHams.  Treated  with  solution  of  potash,  the  greater  portion  dissolvas, 
leaving  a  small  quantity  of  a  hydrocarbon  isomeric  with  oil  of  turpentine.  See 
GxBBUBBTTn>  Htdbogsit.  The  potash  solution,  on  being  supersaturated  with  a 
mineral  add,  allows  the  eugenic  add  to  rise  to  the  suiraee  in  the  form  of  an  oiL 
When  fireshly  distilled  it  is  odourless,  and  boils  at  438^  S.  Its  dennty  at  67^2  F.  is 
1  -0684.    On  analysis  it  gave :~ 

OreriUe 'WUUami  Calculation 

^ ^ 


Carbon     .       .    781    781     .       .     0»    120    7817 
Hydrogen.  77      7«     .       .     H"     12      7-82 

Oxygen     .        .    19*2    10-8     .        .     0«      82    19*51 

100*0  100*0  100*00 

The  density  of  its  vapour  was  found  to  be  6*88;  theory  requires  5*87*  The 
above  results  were  confirmed  by  a  determination  of  the  percentage  of  baryta  in  the 
eugenate.— O.  G.  W. 

O&OVaS.  The  new  bulbs  produced  fix>m  the  subterranean  axis  of  the  hyacinth, 
lily,  onion,  and  the  like. 

O&VTSAXATB*  A  mineral  idiich  occurs  in  the  amygdaloid  rocks  of  KilpatridL 
Hills.  It  is  found  in  flesh-red  vitreous  crystals,  and  consists  of  silica,  alumina,  iron, 
and  soda.  It  takes  its  name  from  ChUka,  the  name  sometimes  given  to  the  vaUey  of 
the  Clyde. 

COAA.  {HouiUe,  Fr.;  Stemkokie,  Oer.)  Coal  is  a  mineral  of  v^etable  origin. 
There  is  abundant  evidence  to  prove  this,  but  there  still  exists  oonsi&mble  uncer- 
tainty as  to  the  mode  of  conversion  and  as  to  the  oonditions  under  which  our  coal- 
beds  were  formed.  This  is  not  the  place  for  the  discusdon  of  these  questions ;  but  it 
appears  necessary  that  the  hypotheses  of  the  bestauthoritieB  on  the  subject  should  be 
bneflv  given. 

*l1ae  occurrence  of  vegetable  remains  in  all  kinds  of  eoal  is  such  convincing 
evidence  of  its  formation  from  vegetable  substances,  that  all  frizther  proof  is  super- 
fluous.'—G^wtotr  Bitokqf. 

*  There  are  few  varieties  cf  coal  in  which  their  VQgetable  orig^  can  be  detected  by 
anatomical  examination.' — Qoppert, 

*  It  appears  from  the  researenes  of  Liebig,  and  other  eminent  chemists,  that  when 
wood  and  vegetable  matter  are  buried  in  the  earth,  exposed  to  moisture,  and  partially 
or  entirely  esduded  from  the  air,  they  decompose  slowly,  and  evolve  carbonio  add 
gas,  ^us  parting  with  a  portion  of  thdr  original  oxjrgen.  B^  this  means  they 
become  gradually  converted  into  lignite  or  wood-coal,  wmdi  contains  a  larger  portion 
of  hydn^n  than  wood  does.  A  continuation  of  decompontion  dianges  uds  lignite 
into  common  or  bituminous  coal,  chiefly  by  the  disdiaige  of  carburetted  hydrogen 
or  the  gas  by  yAdek  we  illuminate  our  streets  and  houses,  Aocofdinff  to  £iadiol^ 
the  inflammable  gases  which  are  always  escaping  from  mineral  coal,  ana  are  so  often 
the  cause  of  &td  acddents  in  mines,  always  contain  carbonic  add,  carburetted 
hydrogen,  nitrogen,  and  oleflant  gas.  The  disengagement  of  all  these  (pcadually  tzaiM- 
forms  ordinary  or  bituminous  coal  into  anthradto,  to  whidi  t^e  names  of  splint  ooal, 
^ance  coal,  hard  coal,  culm,  and  many  others  have  been  given.'— /^isff. 
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'These  drifts  of  plants  now  forming  streaks  of  coally  matter  in  the  sandstones  or 
shales  including  them,  are  sufficient  to  show  that  though  numerous  coal-beds  may  bo 
the  result  of  the  growth  of  a  peculiar  vegetation  in  places,  the  roots  of  which  required 
and  penetrated  a  suitable  soil  beneath,  it  might  so  happen  that  oxtensiTe  and  deep 
accumulations  of  drifted  plants  niay  wholly  form  coal-beds  under  fayourable  circum- 
stancee.* — De  la  Beehe, 

True  coal  is  so  altered  from  its  original  yegetable  condition  as  to  have  left  scarcely 
any  trace  of  its  history.  It  is  generally,  however,  associated  with  sands  and 
clays,  exhibiting  numerous  fragments  of  the  ancient  vegetation  that  obtained  at  the 
time  of  its  formation ;  but  these  fragments  are  so  £sur  removed  in  every  respect  irom 
the  existing  form  of  vegetation  as  to  afford  little  clue  to  the  condition  of  the  Earth 
in  this  respect.  In  coal  all  trace  of  true  woody  fibre  has  disappeared ;  the  water 
originally  present,  and  so  injurious  in  the  less  altered  forms  of  vegetable  fuel,  is  en- 
tirdy  absent,  or  if  present  at  all,  is  so  rather  mechanically  than  chemically,  while  the 
water  originally  in  the  plant  appears  to  have  undergone  decomposition,  the  hydrogen 
uniting  with  some  part  of  the  carbon,  to  form  carburetted  hydrogen  gas,  often  exist- 
ing in  the  cells,  and  between  the  plates  of  the  coed  under  considerable  pressure,  and 
the  oxygen  being  almost  entirely  removed.  The  former  vegetable  has  now  become  a 
mineral  substance,  and  lies  in  vast  beds  of  variable  thickness,  and  overlaying  each 
other  to  Uie  extent  sometimes  of  more  than  a  hundred  in  a  single  district ;  such  beds 
being  regularly  interstratified  with  deposits  of  sand  and  day,  and  occupying  a  distinct 
geological  position,  being,  with  only  a  few  exceptions,  confined  to  ro(±s  belonging  to 
me  newer  part  of  the  Palseozoic  series. 

The  changes  undergone  by  vegetable  matter  when  buried  in  the  earth,  and  accumu- 
lated in  large  quantities,  and  the  length  of  time  needed  to  produce  any  marked  altera- 
tion, are  subjects  rather  more  interesting,  it  may  seem,  to  the  chemist  than  to  the 
practical  man,  who  looks  only  for  fuel  that  he  may  employ  economically.  But  in- 
asmuch as  the  real  condition  of  coal  varies  considerably,  it  is  desirable  that  the  whole 
history  of  coal  and  lignite  beds  should  be  generally  understood  by  any  one  using  these 
substances. 

Vegetable  matter  consists  of  carbon  in  combination  with  oxygen  and  hydrogen, 
as  its  principal  constituents ;  nitrogen  forming  but  a  small,  although  an  important, 
part  in  its  economy.  A  large  quantity  of  w&ter  is  also  present ;  and  so  long  as  the 
vegetable  lives,  there  is  a  constant  change  and  circulation  of  material  particles  kept 
up,  replacing  and  renewing  the  different  portions.  When  death  takes  place,  there  is 
a  tendency  to  decomposition,  or  the  separation  of  the  whole  into  minute  atoms  having 
no  further  relation  to  each  other.  But  this  is  frequently  checked  by  various  condi- 
tions, such  as  the  presence  of  some  substances  derived  from  plants  themselves,  or  the 
absence  of  sufficient  oxygen  gas  to  allow  the  change  to  take  place  by  combining  with 
the  carbon  to  form  carbonic  acid  gas,  the  first  step  in  the  process  of  destruction. 
These  causes  act  constantly  but  partially,  and  thus  a  large  quantity  of  vegetable 
matter  is  always  in  the  course  of  decomposition,  while  in  particular  spots  a  large 
quantity  is  constantly  being  aocumidated.  The  latter  condition  is  seen  in  our  climate 
in  the  gradual  but  steady  increase  of  peat  bogs. 

That  coal  is  derived  from  the  vegetable  kingdom  no  longer  admits  of  a  doubt,  but 
the  class  of  plants  to  which  more  es^edally  we  are  to  look  for  the  origin  of  coal,  is  still 
a  matter  of  much  uncertainty.  The  idea  generally  entertained  is  that  which  supposes 
a  natural  basin  in  which  vegetable  matter  is  deposited,  the  layers  varying  in  thiduiess, 
Becoming  covered  with  mud  or  sand. 

Some  microscopic  observers  assure  us  that  they  are  enabled  to  detect  ligneous 
structure  in  bituminous  coal.  Mr.  Quekett  has  given  a  great  number  of  drawings  in 
proof  of  this,  and  he  refers  the  coal  to  the  woody  matter  of  an  extinct  class  of  the 
Contfera,  Botanists  of  eminence,  however,  assure  us  that  there  is  no  evidence  of  ligne- 
ous stmctore  in  any  of  the  examples  brought  forward  in  proof  of  that  hypothesis. 
Others  maintain  that  such  stmcl^ire,  though  observable  in  the  charooal-like  layers 
called  *  mother  of  coal,'  cannot  be  detected  in  the  bituminous  parts,  and  that  by  far 
the  greater  portion  of  the  coal  is  composed  of  the  macrosporei  and  nUcroapores  of 
Lepidodendra,  and  other  lycopodiaceous  plants.  The  spores  of  these,  or  of  idlied 
plants,  are  found  more  or  less  abundantly  in  all  true  coal ;  indeed,  in  some  cases 
they  appear  to  make  up  the  mass  of  the  mineral,  whilst  in  others  they  seem  to  have 
been  crushed  together,  thus  forming  the  brown  streaks  commonly  seen  in  microscopic 
sections  of  coal. 

Sir  Charles  Lyell,  in  his  excellent  *  Manual  of  Elementary  Geology,'  enters  largely 
and  with  his  usual  lucid  manner,  into  the  consideration  of  the  carboniferous  plants. 
There  can  be  no  doubt  of  the  existence  of  theremarkablefioradescribedby  him  during 
the  period  when  our  beds  of  fossil  fuel  were  forming.  Beferring  to  Sir  William 
Lc^n  as  his  authority,  Sir  Charles  says, '  It  was  observM  that  while  in  the  overlying 
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shales  or  "  roof  "  of  the  coal,  ferns  and  trunks  of  trees  abound,  without  any  atiffmatia, 
and  are  flattened  and  compressed,  those  singular  plants  of  the  underday  {the  sHffmarut) 
yery  often  retain  their  natural  forms  of  branching  freely,  sending  out  their  slendor 
leaf-like  rootlets,  formerly  thought  to  be  leaves,  through  the  mud  in  all  directioni.' 
This  plant  is  singularly  indicative  of  the  class  of  plants  from  which  coal  has  been 
derived. 

M.  Adolph  Brongniart  states  that  the  number  of  species  of  carboniferous  plants 
amounts  to  about  500.  Lindley  informs  us  that  no  less  than  250  ferns  have  been  ob- 
tained from  the  coal-strata.  Forty  species  of  fossil  plants  of  the  coal  period  have  been 
referred  to  the  Lepidodendrons.  These  with  Emiisetaeea,  Calamites,  Asieroph/UUeSt 
Siffillaria,  of  which  about  thirty-five  species  are  \nown  with  their  roots,  SHgmarim, 
and  Conifera  make  up  the  remarkable  flora  which  have  been  preserved  to  us  in  our 
coal  series. 

Trees  and  humbler  plants  in  groat  variety  are  found  in  the  carboniferous  sand- 
stones and  shales,  and  in  the  coal  itself;  but  it  does  not  appear  that  we  have  any  one 
evidence  of  the  actual  conversion  of  the  woody  fibre  of  these  plants  into  coal ;  that  is, 
there  is  no  evidence  of  the  direct  conversion  of  wood  into  bituminous  ooaL  The 
trees  are  almost  invariably  silicified,  or  converted  into  columns  of  sandstone ;  the 
carbon  which  constituted  the  original  woody  fibre  being  substituted  by  silica,  or 
sometimes  by  carbonate  of  lime,  and  sometimes  by  iron.  Sir  Charles  Lyell  has  care- 
fully examined  the  phen<»nena,  now  in  progress,  of  the  great  Delta  of  the  Mississippi, 
and  he  perceives  in  them  many  facts  which  fully  explain,  to  his  mind,  the  progress 
of  coal  deposit.  It  cannot,  however,  be  disguised  that  even  while  he  refers  the 
coal  to  the  supposed  submerged  forests,  he  does  not  venture  to  explain  any  of  those 
changes,  whidi  he  evidently  believes  depend  upon  some  peculiar  conditions  of  climate. 

Professor  John  Phillips,  who  has  devoted  much  study  to  this  subject,  save,  *Then 
is  no  necessi^  to  enlai^e  upon  the  proofs  of  the  origin  of  coal  from  vegetables,  drawn 
from  an  examination  of  its  chemical  constitution,  as  compared  with  the  vegetable  pro- 
ducts, and  the  composition  of  the  ligneous  parts  of  the  plants,  and  from  the  unanswerabU 
identity  of  the  carbonaceous  substance^  into  which  a  vast  multitude  of  fossil  plants  have 
been  converted.  The  chemical  constitution  of  this  carbonaceous  product  of  the  indivi- 
dual vegetables,  is  exactly  analogous  to  the  chemical  constitution  of  coal;  and  it  is 
quite  probable  that  hereafter  the  reason  of  the  variations  to  which  both  are  subject, 
whether  dependent  on  the  original  nature  of  the  plant  or  produced  by  unequal  expo- 
sure to  decay  after  inhumation,  or  metamorphio  subsequent  operations,  will  be  as 
apparent  as  that  of  the  general  argument  arising  from  a  common  vegetable  origin.' — 
Manual  of  Geology. 

Mr.  Jukes  sa^s,  *If  therefore,  we  suppose  wood  (or  vegetable  matter)  buried 
under  accumulations  of  more  or  less  porous  rock,  such  as  sandstone  and  shale,  so 
that  it  might  rot  and  decompose,  and  some  of  its  elements  enter  into  new  combinations, 
always  using  up  a  greater  quantity  of  oxygen  and  nitrogen  than  of  carbon  and  hydrogen, 
Gs  of  oxygen  and  hydrogen  than  of  carbon,  we  should  have  the  exact  conditions  for 
the  transformation  of  vegetable  matter  into  coaL' — Th^  Students  Manual  of  Geology, 

Much  stxess  has  been  laid  upon  the  &ct  that  we  have  brown  coal  still  retaining 
all  the  unmistakable  characters  of  wood,  and  the  apparent  passage  of  this  into  true 
coaL 

'  CKippert  states  that  the  timber  in  the  coal-mines  of  Gharlottenbrunn  is  sometimes 
converted  into  brown  coal.  The  same  conversion  was  many  years  ago  found  in  an 
old  gallery  of  an  iron-mine  at  Turrach  in  Styria.  A.  Schrotter  explains,  according  to 
the  analysis  made  by  him,  this  conversion,  by  the  separation  of  marsh  gas  and  car- 
bonic acid  from  the  ligneous  fibre  of  oak  wood.' — Bischof, 

The  same  authority  says,  *  This  conversion  of  wood  into  coal  may  take  place  in  four 
different  ways,  namely : — 

*  1.  By  the  separation  of  carbonic  acid  and  carburetted  hydrogen, 

2.  „  „  carbonic  add  and  water. 

3.  „  „  carburetted  hydrogen  and  water. 

4.  „  „  carbonic  add,  carburetted  hydrogen  and  water.* 

Quoting  the  information  accumulated  by  Bischof  for  the  purpose  of  showing  the 
chemical  changes  which  take  place,  the  following  analyses  (see  Table  at  top  of  next 
page)  are  given. 

Sudi  is,  in  the  main,  the  evidence  brought  forward  in  support  of  the  view  that  ooal 
is  the  result  of  the  decomposition,  upon  the  place  where  it  is  found,  of  woody  fiture. 
The  following  remarks  by  Professor  Henry  Kogers  on  the  structure  of  the  Appalachian 
coal  exhibits  some  of  the  difficulties  which  surround  this  view : — 

*Each  bed  is  made  up  of  innumerable  very  thin  laminae  of  glossy  coal,  alternating 
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Carbon 

Hydrogen 

Oxygen 

Authority 

Oak  Wood     .        .        .        . 

62-63 

6-27 

42-20 

Qay-Lu88ao 
and  Th^nard. 

Decayed  Oak  Woocl 

53-47 

616 

41-37 

liebig. 

Fo8«l  Wood 

67-8 

6-8 

36-4 

Kegnaolt. 

Turf 

601 

61 

33-8 

Vaux. 

lignite 

72-3 

6-3 

22-4 

Begnault. 

Coal  from  the  Maremma  (Tiwcany). 

76-7 

6-2 

181 

Bischof. 

Betinite  from  the  brown  coal  mines 

ofWalchow      .... 

80-3 

10-7 

90 

Schrotter. 

Peat  Coal 

80-7 

4-1 

16-2 

Baer. 

Coal 

82-2 

6-6 

12-3 

Bischof. 

with  equally  minute  plates  of  impure  coal,  containing  a  small  admixture  of  finely- 
divided  eartny  matter.  These  subdivisions,  differing  in  their  lustre  and  fracture,  are 
fr^uently  of  excessive  thinness,  the  less  brilliant  leaves  sometimes  not  exceeding  the 
thickness  of  a  sheet  of  paper,  In  many  of  the  purer  coal-beds  these  thin  pardnes 
between  more  lustrous  layers  consist  of  little  laminae  of  pure  fibrous  charcoal,  m 
which  we  may  discover  tlie  peculiar  texture  of  the  leaves,  m>nds,  and  even  the  bark 
of  the  plants  which  supplied  a  part  of  the  vegetable  matter  of  the  bed.  All  these  ulti- 
mate divisions  of  a  mass  of  coal  will  be  found  to  extend  over  a  surprisingly  large 
sux&oe,  when  we  consider  their  minute  thickness.  Pursuing  any  given  brilliant 
layer,  whose  thickness  may  not  exceed  the  fourth  part  of  an  inch,  we  may  observe  it 
to  extend  over  a  superficial  space  which  is  wholly  incompatible  with  the  idea  that  it 
can  have  been  denred  from  the  flattened  trunk  or  limb  of  any  arborescent  plant, 
however  compressible.  When  a  large  block  of  coal  is  thus  minutely  and  careftdly 
dissected  it  very  seldom,  if  ever,  gives  the  slightest  evidence  of  having  been  produced 
from  the  more  solid  parts  of  trees,  though  it  may  abound  in  fragments  of  their  frond4 
and  deciduous  extremities.' 

It  is  not  possible  within  the  space  which  can  be  afforded  to  this  article  in  the 
present  work,  to  examine  further  the  various  views  which  have  been  entertained  by  geo- 
logists and  chemists  of  the  formation  of  coal.    A  brief  summary  must  now  suffice : — 

1 .  Coal  is  admitted  upon  all  hands  to  bo  of  vegetable  origin. 

2.  Many  refer  coal  to  some  peculiar  changes  which  hare  taken  place  in  wood ; 
others  to  the  formation  and  gradual  subsidence  of  peat  bogs  ( linger),  Fuci  have  also 
been  thought  by  some  to  supply  the  materials  for  coal-beds. 

8.  By  some  tJie  coal  is  thought  to  be  formed  upon  the  spots  on  which  the  trees  grew 
and  decayed.  By  others  it  is  supposed  that  vast  masses  of  vegetable  matter  were 
drifted  into  lakes  or  deltas,  to  be  there  decomposed. 

4.  Whether  the  plants  grew  on  the  soil — ^the  under  day — upon  which  the  coal  is 
found,  or  were  drifted  to  it ,-  there  must  have  been  long  periods  during  which  nothing 
but  vegetable  matter  was  deposited,  and  then  a  submergence  of  this  land,  and  vast 
accum^ations  of  mud  and  sand.  The  number  of  coal-seams  in  some  of  our  coal-fields 
and  the  thicknesses  of  the  strata  will  be  given. 

Professor  Henry  Sogers  and  others  suppose,  that  the  whole  period  of  the  coal-measures 
was  characterised  by  a  general  slow  subsidence  of  the  coasts  on  which  we  conceive  that 
the  vegetation  of  the  coal  grew ;  that  this  vertical  depression  was,  however,  inter- 
rupted by  pauses  and  gradual  upward  movements  of  less  frecniency  and  duration,  and 
that  ^ese  nearly  statical  conditions  of  the  land,  alternated  with  great  paroxysmal 
displacements  of  the  level,  caused  by  the  mighty  pulsations  of  earthquakes.  (See 
Faults,  Hbavbs.) 

The  difficulties  are  mainly  the  facts — 

1.  That  the  evidence  is  not  dear  that  anything  like  ligneous  structure  can  be 
detected  in  coal,  while  microspores  and  macrospores  are  sometimes  found  in  abundance. 

2.  That  the  tooody  matter  found  in  coal  is  never  converted  into  coal,  although 
sometimes  it  appears  as  if  the  bark  was  so  changed. 

3.  That  the  coal  arranges  itself  always  in  exact  obedience  to  the  underlyixig  surface, 
as  though  a  semi-fiuid  mass  had  been  spread  out  on  a  previously-formed  solid  bed. 

4.  The  thinning  out  of  true  coal  to  extreme  tenmty,  as  mentioned  by  Professor 
Henry  Bogers ;  numerous  examples  of  which  appear  in  this  country. 

6.  The  extreme  difficulty  connected  with  the  subsidence  of  the  surface  of  the  earth 
to  such  a  depth  as  that  to  which  the  lowest  seams  of  coal  extend. 

We  do  not  intend  to  answer  any  of  these  difficulties,  but  to  leave  the  question 
open  for  further  examination ;  merely  remarking,  in  conclusion,  that  there  can  be 
no  doubt  of  the  vegetable  origin  of  coal.    The  only  question  is,  the  conditions  of 
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ehange  by  which  bitominotis  coal  has  been  |«odiioed  £rom  regeUble  fibre,  &nd  that 
we  have  not  comi^eted  all  the  links  in  the  chain  between  brown  coal  and  tme  ooaL 

The  following  Table  shows  at  a  glance  the  chemical  difference  between  wood  luid 
brown  coal  on  Uie  one  hand,  and  anthracite  on  the  other ;  and  serret  to  explain  what 
has  been  said  of  the  chemical  dumges  by  which  wood  is  supposed  to  pass  into  bita- 
mi'nons  and,  eventually  anthracite  coal : — 


Puro  woody  fibre 

LocaUty 

Anibority 

Carbon 

Hydrogen 

Oxygen 

Nitrogen 

fictaodler 

53-65 

5*35 

43*10 

Beeoh.       .       . 

..           .« 

48-89 

6-07 

48-11 

0-98 

Oak    .       .       . 

Ditto    . 

50-64 

6-08 

42-06 

1-28 

Peat   .       .       . 

Houknd     .       . 

MUder    .       . 

59-37 

5-41 

85-83 

Ditto        .       . 

fffmet   ,         ,          , 

Begnanlt       .       . 

60-06 

6-21 

88-78 

Ditto        .       . 

BogofAUen      . 

Kane      .       .       . 

61-02 

5*77 

83*40 

0-80 

Ditto 

Upper  Bhannon . 

Ditto    . 

61-21 

5-61 

81*44 

1-63 

Lignite       .       . 

Oologne      .       . 

Regnanlt 

68*43 

4-98 

37*11 

Ditto        .       . 

Patagonia .       . 

J.  A.  PhllUpe 

62*19 

5-08 

19-44 

NeiderAlpen     . 

Begnanlt 
J.A.PhiUip8 

69-05 

5-20 

33*74 

Ditto        .       . 

Wigan 

80-31 

6-80 

8-54 

Ditto 

^-^i   : 

Hofmann       «       . 

65*66 

8-90 

Ditto        .       . 

Anderson       .       • 

64*03 

8-09 

5*66 

0*55 

Oonnelooal 

Wigan        .       . 

88-75 

5-66 

8-03 

Ohenrycoal 

Ditto    .       .       . 

81-20 

5*04 

8-48 

Cvr'tHaraey  . 

Ditto 

Admiralty  Inquiry 

79*88 

5*11 

7-36 

1-17 

Steam  WallMnd. 

Ditto 

Ditto    .       .       . 

88*71 

5*80 

3-79 

1*06 

BiMlTvn    .       . 

South  Wales      . 

Ditto    . 

79*88 

4-75 

,, 

1*88 

NaathAbbey     . 

Ditto        .       . 

Ditto    .       .       . 

89*04 

5-05 

,, 

1*07 

Graigola    .       . 

Ditto        .       . 

Ditto    .       . 

84*87 

8-84 

719 

0-41 

Aberamaa .       . 

Ditto        .       . 

Ditto    .       .       . 

90*94 

4*38 

0*94 

1-31 

Antlnaolte. 

Ditto        .       . 

Ditto    .       .       . 

91*44 

8-46 

0-79 

0-31 

Ditto       .       . 

SUerardagb,  lie- 

land      .       . 

Ditto    .       .       . 

80*08 

3-80 

,, 

0-38 

Ditto        .       . 

Visllle        .       . 

Jacqueline     . 

94*09 

1-85 

Ditto        .       . 

Bwaofea    . 

Begnanlt       . 

91*39 

2-88 

0*83 

0*45 

1 

3 

8 

)410 

88-76 

7879 

2-39 

6-66 

7-46 

1-84  \ 
0-87/ 

8-04 

18-70 

1-80 

2-65 

4-96 

Brooke  and  Miller  divide  coal  into  three  Tarieties:—!.  Anthracite;  2.  Black 
coal;  3.  Brown  coal.    The  chemical  differences  between  those  being : 

Carbon 
Hydrogen 
Oxygen 
Nitrogen 
Ash      . 

Other  mineralogists,  as  Dana,  divide  coal  into  bituminous  and  non-bituminous ;  and 
under  these  divisions  they  group  the  numerous  varieties  of  coal  which  occur,  as — 

BiTUioMovs  Yasistibs.  1.  PUeh  or  eakvng  coal  {Dana\  which  bums  readily  with 
a  yellow  flame,  and  which  on  receiving  the  heat,  unites  into  a  solid  mass;  thus 
requiring  poking  to  prevent  a  too  complete  consolidation  of  the  mass.  2.  Cierry 
coal  somewhat  resembles  caking  coal,  but  in  burning  it  does  not  soften  or  cake.  It 
bums  more  rapidlv  than  caking  coal,  with  a  dear  yellow  flame.  8.  £jplint  coal  at  talent 
coal  is  in  Scotland  a  term  for  a  hard  laminated  variety  of  bituminous  coal,  intermediate 
in  texture,  between  caking  and  cannel  ooaL  The  name  is  derived  from  its  splitting 
(or  apUtUimg)  up  in  large  fla|;gy  or  board-like  laminiB  (Pagc\  It  is  a  coarse  kind  of 
cannel  coal  (Dana),  A  variety  of  bituminous  (cannel)  coal,  with  a  slaty  stracture, 
and  of  a  harder  and  tougher  nature  than  cherry  coaL  Splint  coal  is  used  by  Lyell 
as  the  equivalent  to  anthradte.  4.  Cannel  coal,  A  coal  with  a  fine  compact 
texture,  a  large  conchoidal  fracture ;  it  receives  a  good  polish ;  is  sonorous  ^en 
struck.  It  is  coal  more  perfectly  bituminised  than  No.  1.  In  Scotland  this  coal  is 
called  parrot  coal  from  the  crackling,  chattering  noise  which  it  makes  when  first 
thrown  into  the  fire. 

Jet  resembles  cannel  coal,  but  is  blacker,  and  has  a  much  more  brilliant  lustre. 

Flint  Coal,  A  kind  of  coal  resembling  anthradte  in  appearance ;  but  containing 
bitumen. 

Flew  Coal,  A  coal  resembling  flint  coal.  It  must  be  regarded  as  a  local  name  for 
the  coal  found  at  Wedgeburr  in  Staffordshire. 

Crow  Coal,    A  coal  found  near  Alston,  containing  but  a  small  quantity  of  bitumen. 

Jlbert  Coal  or  AlbertUe,  A  bituminous  coal  found  in  Kova  Scotia ;  it  has  the  ap> 
peuance  of  asphaltum,  and  is  partially  soluble  (about  20  percent),  but  it  has  not  the 
fusibility  of  asphaltum. 
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Nox-BiTUiOKOUS  Yabibtixs.  AnthracUe.  A  coal  with  a  sharp-ed^ed,  shining, 
conchoidal  fraetnie,  not  eanlj  ignited,  but  when  burning  it  gives  out  an  intense  heat, 
unaccompanied  bj  smoke,  and  produces  but  little  flame.    Often  called  stone  ooal. 

Culm,  An  impure  shaJy  kind  of  coal,  or  anthracite  shale,  as  the  culmniferous  or 
anthracite  shales  of  Devon.  The  term  is  used  in  Parliamentary  returns  to  signify 
anthracite. 

Foml  Coke,  An  American  variety,  more  compact  than  artificial  coke,  supposed  to 
be  produced  by  the  action  of  trap  rocks  on  anthracite. 

Rbcknt  Coal.  The  true  coal  eia  is  a  well-marked  one.  (Geologically  it  lies  be< 
tween  the  Old  Bed  Sandstone  and  the  New  Bed  Sandstone  rocks.  A  newer  coal  is  found 
in  the  lias  at  Bichmond  in  Virginia,  United  States ;  and  a  coal  belonging  to  the  Oolites, 
at  Brora  in  Sutherland,  Scotland,  and  other  places.  These  newer  coals  are  veiy  insig- 
nificant as  compared  with  the  true  old  coals.  ^ 

Bbown  Coai..  This  comparatively  recent  coal  sometimes  resembles  bituminous 
coal.  Other  varieties  have  a  brownish-black  colour,  with  a  coal-Uke  lustre.  It  is 
called,  when  it  approaches  ordinary  coal  in  hardness  and  appearance,  9tone  coal. 

lAgnite,  Wood  in  a  process  of  change ;  when  it  still  retains  its  woody  structure, 
it  is  called  wood  or  hoard  coal ;  when  it  consists  of  thin  layers,  it  is  termed  jpapefr  coal, 
and  when  soft  and  earthy  it  is  known  as  peat  coal. 

The  relative  importance  of  mineral  fuel  in  various  countries,  as  indicated  by  the 
actual  coal  area  and  the  real  production  of  some  of  the  principal  coal-fields,  may  be 
understood  by  a  reference  to  the  subjoined  Table :— > 


Ooontrias 

Cool  Area  in  Square 
Miles 

Proportion  of  whole 
Area  of  the  OonntiT 

Annual  Prodnotion 
aoooiding  to  the 
latest  Betoroa 

British  Islands     . 

France. 

Belgium 

Spain    .... 

Brussia. 

United  States  of  America 

British  North  America  . 

India    .... 

12,800 

2,000 

520 

4,000 

1,200 

220,166 

18,000 

uncertain 

1-10 

1-100 

1-22 

1-52 

1-90 

3-0 

1-10 

123,578,600 

12,148,228 

12,544,038 

500,000 

14,751,729 

21,558,329 

2,750,000 

401,279 

Coal-hblbs  of  thb  Unitbd  Kinodoic 

It  will  thus  be  seen  how  extremely  important  the  coal-fields  of  the  British  Islands 
really  are  when  compared  with  anj  others.  This  is  the  case,  not  merely  in  the  total 
annual  production  and  the  proportionate  extent  of  the  deposits,  but  also  i^m  the  great 
number  of  points  at  which  the  coal  can  be  advantageously  worked.  This  will  be  best 
seen  by  reference  to  the  Table  given  at  the  end  of  uie  article. 

The  distribution  of  coal  in  the  United  Kingdom  is  of  vast  importance  to  the 
country.  It  is  spread  over  large  areas,  commencing  with  Devonshire  in  the  south, 
and  extending  to  the  northern  divisions  of  the  great  Scotch  coal-fields.  A  careful 
examination  of  aU  these  deposits  cannot  but  prove  useful. 

DnvoifSHiRK.  Lignite  of  Bovey^Heathfidd, — ^Lysons,  *  Magna  Britannia,'  informs 
us  that  this  so-called  Bovey  coal  was  worked  for  use  early  in  the  last  century ;  and 
Br.  Maton  described  those  beds  in  1797  as  being  from  4  to  16  feet  in  thickness, 
alternating  with  clay,  and  he  stated  that  the  pits  were  about  80  feet  deep,  and  worked 
for  the  supply  of  a  neighbouring  pottery.  A  pottery  was  established  at  Ideo  in  1772, 
and  one  at  Bovey  Tracey  in  1812,  both  of  which  were  supplied  with  fuel  from  those 
lignite  beds. — De  la  Beehe, 

Mr.  William  Pengelly  carefully  investigated  the  Bovey  Tracey  lignites.  The  result 
of  his  enquiry  was  *  that  the  Bovey  li^tes  are  the  contemporanes  of  the  "  Hempstead 
Beds "  in  the  Isle  of  Wieht,  first  discovered  by  the  late  lamented  Edward  Forbes 
in  1852,  and  described  by  him  in  the  following  year.  Though  their  discoverer  always 
regarded  them  as  Upper  Eocene,  they  have  recently  been  grouped  amongst  the  Lower 
Miocene.'  Professor  Heer,  of  Ziirich,  determined  forty-five  species  of  plants  from  this 
lignite,  forty-one  of  them  being  decidedly  of  the  Lower  Miocene  age. 

Bideford  Anthracite, — The  beds  of  anthracite  stretch  across  the  ootmtiy  from 
Barnstaple  Bay.  by  Bideford  and  Averdiscot,  towards  Ghittlehampton,  a  distance  of 
about  twelve  miles  and  a  half.  The  anthracite  is  mixed  with  the  blabk  shales  of  the 
carbonaceous  de^iosits. 

*The  anthracite  is  mixed  with  those  shales  in  the  manner  represented  beneath 
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465 ;  a,  sancUtonos ;  6,  shales ;  <;,  culm  or  anthracite ;  so  that  the  culm  itself  seems 
t£e  result  of  irregular  accumulations  of  vegetable  matter  intermingled  with  mud  and 

sand.  As  so  frequently 
happens  with  carbona- 
ceous deposits  of  this 
kind,  nodules  of  argilla- 
ceous iron-stone  are  often 
found  in  the  same  loca- 
lities with  the  shales  and 
anthracite,  reminding  ns 
of  the  intermixture  of 
iron  ores  and  vegetable 
matters  in  the  bogs  and 
morasses  of  the  present 
day.'— jDc  la  Beche, 
SoMEBSRTSHiRB  AND  GliotrcBSTBSSHiBB. — The  Dean  Forest  coal>field,  and  the  coal- 
measures  extending  Airfcher  south  forming  the  Bristol  coal-field,  are  included  in  this 
division.    The  workable  seams  of  coal  in  the  Forest  are  the  following: — 

Do^  Delf  (having  a  thickness  of) 

Smith  C!oal  .    „ 

Little  Delf 

Park  End  High  Delf 

StakeyDelf 

Little  Coal  „ 

Rocky  Pelf 

Upper  Churchway  Delf  „ 

Lower  Churchway  Delf  „ 

Braizley  Delf  „ 

Nag's  Head,  or  Weaver*s  „ 

Whittington  Delf 

Coleford  High  Delf  „ 

tipper  Trenchard  „ 

Lower  Trenchard  „ 

There  is  a  small  coal-field  north  of  the  Forest  of  Dean,  which  is  a  long  narrow 
strip,  containing  two  and  a  half  square  i|iles  or  1,600  acres. — MadauchUmf  Geological 
Transactional  vol.  v. 

About  nine  miles  and  a  half  to  the  south  of  Dean  Forest  a  considerable  mass  of 
coal-measures  has  been  preserved  ftom  destruction,  by  the  denuding  causes  which 
have  carried  ofiP  the  connecting  portion  between  it  and  Dean  Forest,  leaving  at  least 
two  outlying  patches  on  the  north  of  Chepstow. 

The  Bristol  coal-field  occupies  about  fif^y  square  miles,  or  32,000  acres.  The 
seams  of  coal  are  very  thin  m  comparison  with  those  which  are  worked  in  other 
districts.  Buckland  and  Coneybeare  ('Geological  Transactions,'  voL  i.)  have  well 
described  this  coal-field. 

The  total  thickness  of  the  whole  scries  of  strata  in  this  Bristol  coal-field  has  been 
shown  by  De  la  Beche  to  be  as  follows : — 

Upper  shales  and  limestones    .        .  1,800  feet,  with  10  beds  of  coal* 

Middle  sandstone      ....  1,725  feet,  with    5  beds  of  coal. 

Lower  shales 1,565  feet,  with  86  beds  of  coal. 

Farewell  Bock 1,200  feet 

Total  .  .  .  6,290  feet. 
South  Walks  Coal-field. — The  total  thickness  of  the  coal-strata  in  this  im- 
portant district  is^  very  great.  Logan  and  De  la  Beche  have  accumulated  evidence 
which  appears  to  justify  the  admission  of  11,000,  or  even  12,000  feet  thickness  &om 
the  carboniferous  limestone  to  the  highest  part  of  the  coal  series  about  Llanelly ;  in 
other  parts  of  the  field  the  series  is  found  to  be  on  proportions  only  less  gigantic.  The 
most  general  view  which  can  be  afforded  seems  thus,  giving  the  true  coal-measure 
about  8,000  feet:— 

Poet 

Llanelly  series,  with  several  beds  of  coal 1,000 

Penllergare  series  of  shales,  sandstones,  and  beds  of  coal,  110  bods ; 

26  beds  of  coal 8,000 

Central  series  (Townhill  sandstones  of  Swanse.^  Pennant  grit  of  the 
Bristol  field) ;  62  beds,  and  16  beds  of  coal 8,246 
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Feet 
Lower  shales,  coals,  and  iron-stones  (Merthyr);  266  beds,  34  beds 

ofcoal 812 

Abundance  of  iron-stone  beds  and  Unionida  occur. 

Farewell-Kock  and  Gower  shales  above ;  the  carboniferous  limestone  below. 

The  coal  on  the  north-eastern  side  of  the  basin  is  of  a  coldng  quality,  excellent  for 
the  iron  manufacture ;  on  the  north-western  it  contains  little  or  no  bitumen,  being 
what  is  called  stone-coal  or  anthracite ;  on  the  south  side,  from  Fontypoolto  Caermar- 
thon  Bay,  it  is  of  a  bituminous  or  binding  quality. — PhiUipg, 

Shropshibb. — This  district  includes  the  small  coal-field  of  Ooalbrook  Dale  and 
that  of  the  plain  of  Shrewsbury.  The  Goalbrook-Dale  field,  according  to  Mr. 
Prestwich,  has  some  remarkable  features.  {CMogical  Ihinsaciions,'^  Perhaps  there 
is  no  coal  tract  known,  which  in  so  small  a  compass,  about  twelve  miles  long,  and,  at 
most,  three  and  a  half  miles  wide,  exhibits  so  many  curvatures  in  the  outcrops, 
crossed  by  so  many  continuous  faults,  some  varying  north  by  east,  others  east-north- 
east ;  these  crossed  by  many  of  shorter  length,  and  directed  west-north-west,  and  in 
several  other  lines.  The  total  thid^ness  is  supposed  to  be  1,000  or  1,100  feet,  divided 
into  80  distinct  strata.  The  coal  varies  in  total  thickness  from  16  feet  to  65,  and  in 
the  number  of  its  beds  from  7  to  22,  the  increase  being  to  the  north.  The  'deaf  or 
system  of  joints  runs  from  west-north-west  to  east-south-east  The  coal  is,  for  the 
most  part,  of  the  variety  called  slate-coal  in  Scotland,  and  hard  coal  in  Derbyshire. 
Cannel  coal  is  rare — ^sulphureous  coal  (pyritous)  very  common.  Petroleum  abounds 
in  the  central  and  upper  part  of  the  fieldl  The  beds  are  mostly  thin ;  the  ten  upper- 
most are  too  sulphureous  for  other  usee  than  lime  burning,  and  are  called  stinkers ; 
twelve  beds  of  good  coal,  in  all  25  feet  thick,  the  thickest  being  five  feet,  succeed,  and 
the  lowest  bed  of  the  whole  formation,  eight  inches  thick,  is  sulphureous. — PkiUips, 
Prestwich, 

Staffobdshibb. — 2%e  Chal^field  of  South  Staffordshire,  which  has  been  described 
by  Mr.  J.  Beete  Jukes,  who  states,  its  boundary  would  be  roughly  described  as  the 
space  induded  within  a  boundary  line  drawn  from  Kugdey  through  Wolverhampton 
to  Stourbridge ;  hence  to  the  southern  end  of  the  Bromsgrovo  Lidkey,  and  returning 
through  Ear Doma  (near  Birmingham)  and  Great  Barr  back  to  Bugel^.  This  geolo^ 
gist  classes  these  coal-strata  in  three  divisions,  by  the  well  traced  band  of  thick  coal. 
The  total  thidmess  of  coal  near  Dudl^  being  about  57  feet,  and  between  Bilston  and 
Wolverhampton  upwards  of  70  feet.  The  thick  coal  is  formed  of  eight,  ten,  or  thirteen 
distinip^uishable  parts,  the  whole  seam  varying  in  thickness  from  three  feet  to  thirty' 
nine  fiet  five  inches;  it  is  very  irregular  in  psurts,  divided  by  sandstones,  splitting  with 
wide-shaped  o£Bshoots,  and  cut  into  *  swiles '  or  *  horse-badbi,'  which  rise  up  from  the 
fioor.  Below  the  thick  coal,  are  numerous  beds  of  sandstone-shales,  coal,  and  iron- 
stone, having  on  the  average  a  thickness  of  320  feet ;  and  above  the  thick  coal  the 
thickness  is  280  feet  on  the  average. — Records  of  the  School  of  Mines, 

North  Staffordshire  Coal-field, — This  field  is  comprised  in  the  space  between  Gon- 
gleton,  Newcastle-under-Lyne,  and  Lane  End.  About  32  beds  of  coal  have  been 
determined,  rising  eastward  between  Burslem  in  the  centre  of  the  fidd  and  its  eastern 
limit  near  Norton  Ghurdi. 

Dbbbtshibb  Aim  Nottinghamshibb. — The  Derbyshire  and  Nottinghamshire  coals 
are  classed  as  to  structure  in  two  varieties,  as  *  hard*  coal,  in  which  the  divisional 
structures  are  chiefly  derived  from  the  planes  of  stratification,  crossed  by  one  set  of 
*cleat'  or  natural  joints  (called  'slines,*  'backs,'  &c)  so  that  large  prismatic  masses 
result ;  '  soft  *  coal  where  the  deat  fissures  are  numerous,  and  broken  by  cross  deat. 
In  respect  of  the  ^(ualiti/,  some  of  the  coal  is  of  a  '  crozlinff '  or  coking  nature,  easily 
fusible  and  changing  its  figure  by  *  coking' ;  the  rest  (and  this  is  spedally  the  case 
with  the  *  hard '  variety)  makes  both  good  furnace  coal  and  excellent  coke,  which, 
however,  is  hardly  mdted  at  all,  and  the  masses  are  not  changed  in  figure  by  the  pro- 
cess.— PhiiUp^s  Manual  of  Oeolo^, 

The  names  by  which  the  more  important  beds  of  coal  worked  within  this  district 
are  known,  are  as  follow :  Tupton  coal,  hard  coal,  soft  coal,  black  shale  or  clod  coal, 
low  hard  coal  and  low  soft,  windmill  coal,  Dansil  coal,  Gkinister  coal,  Parkgate  coal, 
Aston  coal,  Kilbum  coal,  furnace  coal.  Hazel  coal,  Eureka  coaJ,  main  and  deep  coal. 

LsiCBSTBBSHiBE  AND  Wabwickshibb. — The  Leicester  coal-field  is  best  devdoped 
about  Ashby-de-la-Zouch  (see  Mammatt  on  '  The  coal-field  of  Ashby-de-la-Zouch '), 
where  the  coal  is  much  like  the  hard  coal  of  Derbyshire.  Amongst  the  seams  of  coal 
is  one  variety  called  cannel ;  and  another,  formea  by  the  concurrence  of  more  than 
one  band,  from  seventeen  to  twenty-one  feet  in  thicknesa  The  beds  near  Ashby-de-la- 
Zouch  are  as  foUow : — 
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In  the  Moira  district—  Thicknea  of  beds 

Eureka  coal 4  to  6  feet. 

Stocking  coal 6  to  7    ,i 

Woodfield  coal 5  »» 

Slate  coal  Si  to  4  „ 

Nether  main  coal 14tol6„ 

Fourfootcoal 4  to  6  „ 

The  Earl  coal 4  ft.  6  in. 

In  the  Coleorton  district- 
Heath  End  coal 9  feet. 

Lountcoal (3  beds). 

Main  coal 10  to  12  feet 

The  Warwickshire  CoaL-fidd  extends  from  a  point  east  of  Tamworth  to  a  point  east 
of  Coventry,  about  twenty  miles  from  N.  W.  to  S.E.  parallel  to  the  Ashby  coal  tracts. 
The  strata  are  most  productive  of  coal  near  the  southern  extremity,  where,  by  the 
coming  together  of  two  seams.—worked  separately  at  Griff,— the  five-yard  seam  is 
worked.  The  beds  are  known  as  the  seven-feet  coal  and  rider,  slate  coal,  two  yards, 
lower  seam,  cannel,  and  £11  coal. 

YoBKBHiBB.— Professor  John  Phillips  gives  the  following  mode  of  classification  as 
the  most  natural  and  convenient  for  the  Yorkshire  coal : — 

Magnesian  limestone  unconformably  covers  the  coal  seams. 

{Shales  and  Badsworth  coal. 
Ackworth  rock. 
Wragby  and  Sharlston  coals. 

Ked  rock  of  WooUey,  Hooton-Roberts,  &c. 

'Furnace  coals      .        .         Bamsley  thick  coal. 


MiddUeodU 


Intermediate  coals       .      |  ^^^^  ^  '^' 

_      _^  ,  rSilkstone  and  Flockton  beds. 

Ironstone  coals    .        .     |lo^  Moor  coals. 


Flagstone  rock  of  Woodhouse,  Bradford,  Elland,  Peniston,  &c 
Jjowereoak 


Shales  and  ganister  stone. 
Coals. 

Shales  and  ganister  stone. 
Coals. 
^Shales,  &c. 


Millstone  grit  lies  below  the*  coal  series.'  ,..,.,     ^^  ™_.ii. 

The   important  middle-coal  series  are  again  divided  by  Professor  Philbps  as 

follows  :— 

Red  rock  of  WooUey  Edge. 

Furnace  coals  of  Bamsley,  &c  vvclxtding  the  eight  cr  fen  feet 

team. 
Bock  of  Horbury  and  Wentworth  House, 
r  Swift  burning  coals  of  Middleton,  Dewsbury,  &c,  with 
Iron-stone  coals  \     bands  of  *  mussels.* 

{  Bituminous  coals  of  Silkstone  and  Low  Moor. 
Flagstone  rocks  beneath. 

The  small  coal-field  of  Ingleton  and  Black  Burton  in  Lonsdale  is  thrown  down  on 
the  south  side  of  the  great  (>aven  feiult 

Lakcashibb.— The  coal-field  of  Lancashire  occupies  an  area  extending  from 
Macclesfield  to  Colne,  46  miles,  and  fjcom  Torboch,  near  Liverpool,  to  Todmorden, 
about  40  miles.    Excluding  the  millstone  grit,  its  area  is  about  250  square  miles.— 

jta  a  line  through  Worsley,  Bury,  and  Burnley  to  the  limestone  shales  of  Pendle 
Hill,  we  have  36  seams  of  coal,  10  of  them  not  exceeding  1  foot  in  thickness,  making 
in  all  93  feet  of  coaL 

The  series  is  divisible  into  throe  parts  above  the  miUstone  grit : — 

Upper  part^  containing  a  bed  of  limestone  at  Ardwick,  near  Manchester. 

Middle  part^  containing  the  greater  part  of  the  thick  and  valuable  seams,  especially 
cannof  coal  of  Wigan. 

Xotcvr^r^,*  corresponding  to  the  ganister  scries  of  Yorkshire. 
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CwMimtK.— The  coal-field  of  Gheehiie  is  not  of  great  importance. 

NoBTH  WujBB,— Flintshire  and  Jknbiffhshire.-^The  Flintehire  coal-basin  extends 
from  north  to  south,  somewhat  more  than  30  miles  firom  Ll^nassa  to  near  Oswestry  iu 
Shropshire.  The  ccial-stzata  dip  generally  eastward,  and  form  in  the  horthem  part  a 
troQgh  beneath  the  estoary  of  the  Dee.  This  coal-basin  in  Flintshire  omimences  with 
beds  of  shale  and  sandstone.  The  coal  is  of  yarions  thickness,  from  }  to  5  yards,  and 
consists  of  the  common,  cannel,  and  peacock  varieties. — PhiUipe  and  Cotwbectre, 

CuMBBBLAHD. — This  coal-ficld  extends  as  a  narrow*  crescent  from  Whitehaven  to 
near  Heaket  Newmarket :  around  Whitehaven  and  at  Workington  the  coal  is  worked 
extensively.  At  the  latter  place,  a  few  years  since,  a  very  valuable  colliery  was 
destroyed  by  the  bursting  in  of  tiie  sea. 

There  are  three  workable  seams  in  the  Cumberland  coal-field  in  the  neighbourhood 
of  the  three  under-mentioned  towns,  and  these  are  Jmown  in  each  place  by  the  names 
given: — 


WhitehaTen 

Workington 

Bannock  band.' 
Main  band. 
Six-quarter  coal  or 
Low-bottom  seam. 

Moorbanks. 

Tenqusrters. 

vided   with  shale  from  2 
feet  to  6  fathoms  thick). 

KoRTHtTMBERLAiVD  AiTD  BuBEAM. — The  total  thickuess  of  the  coal-measures  of 
this  district  is  about  1,600  feet  The  number  of  distinct  layers  or  beds,  as  usually 
noted  by  the  miners,  is  about  600.  The  total  thickness  of  die  beds  of  coal  rarely  exoeeos 
— does  not  on  tlie  average  equal — 60  feet  No  bed  of  coal  is  of  greater  thickness, 
even  for  a  short  distance,  than  6  or  7  feet;  several  are  so  thin  as  to  be  of  no  value  at 
present ;  but  many  of  these  will  be  worked  with  profit  The  total  thickness  of 
'workable  coal,'  supposing  all  the  beds  to  be  found  in  a  given  tract,  is  not  to  be  esti- 
mated at  above  20  or  80  feet  The  most  part  of  the  coal  in  this  great  district  is 
of  the  coking  quality,  but,  in  this  respect  there  is  much  variation ;  advantage  has 
been  taken  dP  this,  in  rendering  available  very  large  quantities  of  the  dust  of  coal, 
and  the  small  coal  which  formerly  was  burnt  to  waste  on  the  pit  bank.  The  best 
coke  for  locomotive  engines  is  now  made  from  the  lower  coals  in  the  Auckland 
district  of  Durham,  and  the  Shotley  Bridge  district  of  Northumberland.  The  best 
'  steam  coal '  is  obtained  from  the  north  side  of  the  Tfue  and  the  Blvth  district  The 
best  '  house  coal  *  still  comes  from  the  remains  of  the  *  High  chain  ^  on  the  Tyne,  and 
from  the  *  Button  seam'  on  the  Wear;  but  the  collieries  north  of  the  Tees  have 
acquired  a  high  reputation. 
As  a  general  view  of  the  groups  of  strata  the  following  summaries  may  suffice : — 
Up|)er  groups  of  coal-measures,  including  chiefly  thin  seams  of  smaXi  value  (8  or 
more)  in  a  vast  mass  of  sandstone  in  shales,  with  some  iron-stone.  At  the  base  is  a 
mussel  band ;  estimated  at  900  feet 


Ji 


Om  thb  Tt«b  :— 

On  the  Wrab  aki 

)  Ttnb:— 

Ft 

In. 

Ft 

In.    Ft  In. 

'  Sigh  mam  coal  , 

6 

0 

Unknown. 

Strata  and  thin  coals 

60 

0 

Five-quarter  coal 

3 

9to6     9 

Metal  coal 

1 

6 

Strata  and  thin  coals 

30 

0 

Stone  coal 

3 

0 

Strata 

83 

0 

Yaidcml. 

3 

0 

Main  coal  . 

5 

6to6    0 

Strata 

90 

0 

Benshamseam  . 

3 

0 

Mauiflin  seam    . 

4 

6to6    0 

Strata  with  several  variable 

> 

beds  and  some  layers  oi 

f 

mussels . 

.  150 

0 

Low  main  or  Hutton 

^Low  mam  coal   . 

.      6 

0 

seam 

i 

6to6    6 

Strata 

.  200 

0 

Hcn>ty*9  seam    . 

.      3 

0 

Beaumont  seam  . 

3 

0to6    0 

Strata 

.  300 

0 

BrockwellSeam 

.      3 

0 

Brockwell  seam  . 

3 

OtoC    0 

Strata  above  millstone  grit 

200 

0 

-VoAw  Phillips. 
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The  fleams  which  are  principally  worked  in  this  district  are  the  high  nudn,  Ato- 
quarter  main,  Bensham  seam,  Hntton  seam,  Beaumont  seam,  low  five-qoarter,  three- 
quarter  seam,  Brockwell,  .and  stone  ooals.  These  seams  are  known  by  other  names, 
each  district  usually  adopting  its  own  peculiar  teim  to  designate  the  workable  seams. 
Thus  the  Bensham  seam  of  the  Tyne  is  known  as  the  ]£radlin  seam  of  the  Wear. 
The  Beaumont  or  Harvey  seam  is  the  Townley  seam  of  the  Townley  colliery  and 
the  main  coal  of  Wylam  colliery.  At  Hetton  the  high  main  seam  of  the  Cramlmgton 
district  se^anites  into  two,  and  is  called  the  threenjuarter  seam  at  Fontop ;  where  it 
unites  again  it  is  known  as  the  Shieldrow  seam,  ^e  ChnmUngton  grey  seam  is  the 
metal-coal  seam  and  stone  ooal-seam  of  SherriffHiU,  where  it  is  diyided;  while  it 
unites  at  Hetton  and  forms  the  five-quarter  seam  of  that  and  the  Auckland  district. 
The  Cramlington  yaid  seam  becomes  the  main  coal-seam  at  Hetton,  Haswell,  and  some 
other  localities,  the  Brass  ThiU  at  Pontop,  and  the  main  coal  in  Auckland.  Again, 
the  Cramlington  five-quarter  seam  divides  and  forms  the  six-quarter,  and  the  five- 

auarter  at  Sherriff  Hill  the  Brass  Thill  seam  at  Pittington ;  they  again  unite  and  form 
lie  Hutton  seam  at  Pontop  ooUieiy,  and  so  with  regard  to  a  few  oihea^— Mineral 
Statistics, 

Scotland. — *A  memoir  on  the  Mid-Lothian  and  East-Lothian  Coal-fields/  by 
David  Milne,  gives  the  most  exact  account  of  the  carboniferous  system^ of  Scotland. 
Prom  this  description  it  will  be  seen  that  the  Scotch  coal-field  extends  from  the 
eastern  unto  the  western  shore. 

There  are  three  principal  coal-basins  in  Scotland :  1,  that  of  Ayrshire ;  2,  that  of 
Clydesciale ;  and  3,  that  of  the  valley  of  the  Forth,  which  runs  into  the  second  in  the 
line  of  the  Union  Canal.  If  two  Unes  be  drawn,  one  £rom  Saint  Andrews  on  the 
north-east  coast,  to  Eilpatrick  on  the  Clyde,  and  another  £rom  Aberlady,  in  Had- 
dingtonshire, to  a  point  a  few  miles  south  of  Kirkoswald  in  Ayrshire,  they  will 
include  between  them  the  whole  space  where  pitcoal  has  been  discovered  and  worked 
in  Scotland. 

According  to  Mr.  Farey  there  are  337  principid  alternations  of  strata  between  the 
surface  in  the  town  of  Fisherow,  on  the  banks  of  the  Frith  of  Forth  (where  the 
highest  of  these  strata  occur^  and  the  commencement  of  the  basaltic  rocks,  forming 
the  general  floor  and  border  of  Uiis  important  coal-field.  Qliese  strata  lie  intemallv 
in  the  form  of  a  lengthened  basin  or  trough,  and  consist  of  sandstone,  shale,  coat 
limestone,  ironstone,  &c.  Sixty-two  seams  of  coal,  counting  the  double  seams  as 
one ;  7  limestones ;  72  assemblages  of  stone  and  other  strata :  in  all  5,000  feet  in 
thickness. 

Professor  Phillips  remarks  of  this  district,  *  On  the  whole,  allowing  for  waste,  un- 
attainable portions,,  and  other  circumstances,  this  one  district  may  be  admitted  as 
likely  to  yield  to  the  miner  for  actual  use  2,250  millions  of  tons  of  coal.'  The  coal 
is  pwtly  *  splint/ partly  •  rough,'  or  •  cherry,*  partly  of  the '  cannel '  or  *  parrot '  variety. 
The  first  containing  most  oxygen ;  the  last,  most  hydrogen  and  nitrogen,  and  the  least 
carbon. 

Ibxlakd. — The  coal-measures  of  Ireland,  if  we  include  in  this  term  the  millstone 
p;rit,  occupy  large  tracts  of  land  in  that  country,  and  are  upon  the  whole  analogous, 
m  general  xnineral  characters  and  organic  contents,  to  those  of  Bngland.  The  same 
absence  of  limestone,  the  same  kind  of  successions  of  sandstones  and  shales  is  remarked 
in  them.  Anthracite  or  stone-coal  like  that  of  South  Wales  is  found  in  the  Leinster 
and  Munster  districts ;  bituminous  coal  occurs  in  Connaught  and  Ulster.  In  Ulster 
the  principal  collieries  are  at  Coal  Island  and  Dungannon.  The  Munster  coal 
district  is  stated  by  Mr.  Griffith  to  be  of  greater  extent  than  any  English  coal-field, 
but  it  is  much  less  productive.  At  Ballycastle  the  coal  is  found  in  connection  with 
basalt— PAO/tjps. 

Mr.  Hull's  remark,  in  the  '  Coal-fields  of  Great  Britain,'  '  that  Ireland  was  once 
covered  over  two-thirds  of  its  extent  by  coal-fields,'  is  a  proposition  which  we  may 
confidently  affirm  on  geological  grounds ;  but  the  misfortunes  of  the  sister  isle  began 
long  before  the  landing  of  Stron^bow,  for  old  father  Neptune  had  swept  the  coal  and 
coal-strata  clean  into  his  lap,  and  left  little  but  a  bare  floor  of  limestone  behind.  In 
plain  words,  if  we  examine  a  geological  map  of  Ireland,  we  shall  find  that  ihe  carboni- 
ferous limestone  overspreads  its  greater  part ;  and  as  we  always  find  in  England 
that  this  formation  is  ultimately  surmounted  by  coal-measures,  so  we  may  infer  that 
was  the  same  order  of  succession  here,  before  the  sea,  which  more  than  once  over- 
whelmed the  country  after  the  carboniferous  epoch  remorselessly  swept  away  the 
more  valuable  portion  of  this  system  of  rocks. 

The  following  remarks  on  the  coal-fields  of  Ireland  are  translated,  by  Mr.  W.  H. 
Buly,  from  a  description  of  them  by  Dr.  H.  B.  Geinitz : — 
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*  Although  the  carboniferotis  limestone  extends  over  the  greats  part  of  Ireland,  and 
we  maj  assume  that  the  coal-bearing  strata  of  the  carboniferous  formation  may  also, 
at  one  time,  have  exhibited  a  considerable  extension  in  that  country,  there  is,  however, 
very  little  of  it  remaining,  in  consequence  of  the  subsequent  denudation  observable 
there.  In  the  south  of  Ireland  the  carboniferous  limestone  is  accompanied  by  a  series 
of  black  shales  or  grey  sandstone,  and  arenaceous  or  sandy  shales,  which  contain  thin 
beds  of  anthracite  coal  in  the  upper  strata.  Professor  J.  Beete  Jukes,  who  is  at  the 
head  of  the  Geologiqal  Surrey  of  Ireland  (since  deceased),  distinguishes  in  this 
district  (Castlecomer,  Queen's  County)  the  following  groups  of  the  carboniferous 
formation,  from  the  lower  to  the  upper : — 1.  Carboniferous  limestone,  8,000  feet  thick. 
2.  Black  shale,  with  occasional  tmn  beds  of  sandstone,  about  8,000  feet  thick.  In 
these  occur  the  fossil  shells,  Avkuiopwten  papyraceust  Pondonofnffa  Becheri,  GcniatUes 
spkaricus,  Orthoceraa  Sidnhaueri,  and  otner  marine  animals,  indicatiYe  of  a  lower 
horizon.  8.  Greenish-pTey  sandy  shale,  and  black  shale  (flagstone  series)  charac- 
terised by  vermicular  impressions  or  markings,  which  have  been  referred  to  worm- 
tracks,  as  well  as  crustacean  and  molluscous  tracks,  500  feet  thick.  4.  Black 
shales  and  erev  sandstone,  with  thin  beds  of  coal,  1,800  feet  thick ;  maldng  a  total 
maximum  thickness  of  ooal-measure  strata  above  the  carboniferous  limestone  of 
8,100  feet. 

<  An  extensive  working  is  carried  on  in  the  Castlecomer  coal-field,  which  lies  on  the 
borders  of  Kilkenny  and  Queen's  Counties.  Accurate  sections  referring  to  this  field, 
for  which  we  are  indebted  to  Professor  Jukee,  exhibit  in  this  district  five  beds  of  coal, 
of  which,  however,  the  upper  only  are  observable,  and  that  over  a  very  limited  area, 
in  consequence  of  denudation  (probablyficom  sea  action  upon  what  was  once  the  coast- 
line). The  richer  deposits  df  coal  in  the  lower  beds  are  found  north-east  of  Castlecomer, 
where,  at  the  Ganow  Collie^,  at  the  time  of  mv  visit,  a  coal-bearing  seam,  8  ft.  10  ins. 
thick,  was  working,  which  yielded  excellent  anthracite  coal,  the  normal  Kilkennv  coal 
of  Werner.  The  circumstanoes  just  described  are  perfectly  analogous  to  those  m  the 
neighbouring  Geneva  Colliery.  Opinions  still  vary  as  to  whether  this  Garrow  bed  is 
the  second  or  third  from  the  bottoon.  At  all  events,  it  is  the  most  important  in  the 
district  In  the  small  Leinster  coal-field,  somewhat  fVirther  to  the  north-east,  in  the 
direction  from  Castlecomer  to  Athy,  a  seam  is  also  worked  from  18  to  20  inches  thick 
only.  The  numerous  remains  of  plants  collected  in  this  coal-district,  compared  with 
those  of  other  coal-basins,  show  that  the  anthracite  coal  does  not  belong  to  the  cone 
(horizon)  of  the  culm,  or  our  first  zone,  but  rather  to  the  commencement  ci  the  second, 
or  SigiUaria  zone.  Marine  sheUs  occur  over  the  Garrow  seam,  among  which  the 
diaraicteristic  and  widely-distributed  coal-measure  fossils  before  mentioned,  AvicuUh 
pectm  papyraceua  and  Pondonomya  Becheri  are  most  frequent  Numerous  well-pre- 
served  bivalve  shells  occur,  Anih-acosia,  MyaUmOt  &c,  lootlly  called  *'  beams  "  by  the 
miners,  together  with  some  remarkable  Crustacea  of  the  genus  Belinunia,  firom  the 
black  shales  of  Bilboa  Colliery,  situated  about  six  miles  S.  W.  (^  Carlow,  the  coal  of 
which  is  believed  to  correspond  with  the  second  seam  of  the  Castlecomer  district  At 
this  colliery,  also,  the  wdl-known  fossil  plants  AlethopterU  lonckUidia  and  Sagenaria 
eUgane,  were  easily  recognisable,  two  forms,  which,  in  the  productive  coal-formation 
of  England  especially,  have  the  widest  distribution.  In  the  north  of  Ireland,  where 
coal-bearing  beds  occur,  in  the  counties  of  Leitrim,  Permanagh,  as  well  as  at  Dungan- 
non,  in  Tyrone,  and  Ballycastle,  in  Antrim,  the^  rest  upon  a  uiick  sandstone  formation, 
apparently  rexnresenting  the  millstone  ^t  which,  separates  them  from  the  carboni- 
ferous limestone  group.  Sir  Bichard  Gnffiths,  Bart.,  m  his  geological  map  of  Lreland, 
divides  the  latter  into  an  upper  and  lower  limestone,  between  which  the  '^calp"  is 
deposited,  consisting  of  shales  and  sandstones,  and  often  more  than  1,000  feet  thick. 
It  IS  remarkable  that  while  in  the  whole  of  the  south  of  Ireland  the  typical  anthracite 
or  Kilkenny  coal  predominates,  in  the  north  the  prevailing  deposits  are  bituminous, 
or  good  gas-ooaL  According  to  the  investigations  of  Sir  B.  Griffiths,  the  coal-field  of 
Dungannon,  in  T^ne,  is  divided  into  two  districts,  which  are  distinguished  as  the 
Coal  Island  district  and  the  Annaghone  district  The  first  is  six  miles  long,  with  a 
mean  breadth  of  about  two  miles ;  the  latter  is  only  one  mile  long  and  half  a  mile 
broad.  In  this  important  coal-field  there  are  eight  beds  of  coal,  of  variable  thickness, 
from  2  ft  2  in.  to  1  ft  9  in.  viz.,  the  Annagher  coal.  Under  these  there  arealso  two  or 
three  other  seams  known.  These  coals  are,  for  the  most  part,  of  good  quality.  The 
occurrence  of  the  productive  coal-formation  at  Ballycastle,  on  the  noruiem  coast  of 
Ireland,  in  the  county  of  Antrim,  is  very  interesting,  where  it  extends,  £ram  Pair 
Head,  in  a  westerly  and  southerly  direction,  to  a  distance  of  about  four  miles,  with  a 
mean  breadth  of  one  mile  and  a  half.  It  contains,  at  Murlongh  Bay,  six  coal  seams, 
from  one  to  eight  feet  thick,  of  which  four  yield  good  gas-coal,  while  the  two  deepest 
are  anthracite.  The  first  four  occur  between  two  columnar  isolated  basaltic  masses, 
while  the  two  lower  anthracite  seams  are  almost  in  direct  contact  with  the  lower 
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basaltic  mass,  which  is  about  70  feet  thick.    These  coal-bearing  beds  appear  to  rest 
directly  on  the  mica-schist. 

*  As  an  additional  characteristic  of  the  Irish  coal-fields,  there  follows  a  sonunazy  of 
the  fossil  plants  whic^  we  had  the  opportonity  of  examining.  I  do  not  think  that  we 
should  be  justified,  from  a  consideration  of  these  plants,  to  refer  the  coal-bearing  beds 
of  Ireland  to  an  older  zone  than  to  the  lower,  generally  poor,  Hage  of  the  Westphalian 
coal-formation,  which  represents  very  well  the  relations  of  their  deposition.  They 
indicate  here,  as  there  also,  the  commencement  of  the  SMUaria  sone,  "^hose  later 
and  richer  beds  were,  in  Ireland,  destroyed,  and  of  which  only  a  yeiy  small  area  may 
still  be  preserred  in  some  northern  localities,  as  at  Dungannon.' 

The  following  general  statement  of  the  geological  conditions  of  the  coal-measures 
of  these  islands  is  continued  from  the  pen  of  the  late  Br.  Ure : — 

The  great  Carboniferous  Formations  of  these  islands  majr  be  subdiTided  into  three 
orders  o£  rocks :  1.  the  coal-measures,  including  their  manifold  alternations  of  coal- 
beds,  sandstones,  and  shales ;  2.  the  millstone  grit  and  shale  towards  the  bottom  of 
the  coal-measures ;  3.  the  carboniferous  limestone,  which,  projecting  to  considerable 
heights  aboTe  the  outcrop  of  the  coal  and  grit,  acquires  the  title  of  mountain  lime- 
stone ;  resting  on  the  Old  Red  Sandstone,  which  may  be  regarded  as  the  connecting 
link  with  the  transition  and  primary  rock  basin  in  which  the  coal  system  lies. 

The  coal  series  usually,  but  not  inyariably,  consists  of  a  regular  alternation  of 
mineral  strata  deposited  m  a  great  concavity  or  basin,  the  sides  and  bottom  of  which 
are  composed  of  transition  rodu.  This  arrangement  will  be  clearly  understood  by  in- 
specting ji^.  466,  which  represents  a  section  <S  the  coal-field  south  of  Malmesbury. 


HendlpHiUs 


DundryffiU 
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1,1,  Old  Bed 
4, 4,  ooal-aMOU. 
7, 7,  lias. 


3,  mountain  Umestone.  8,  mtUstone  grit. 

6,  Pennant,  or  coarse  sandstone.        6,  New  Bed  Bandstone,  or  red  mari. 

8, 8,  inferior  oolite.  9,  great  oolite.  10,  oombrash  and  Forest  marUe. 


No.  1,  or  the  Old  Rod  Sandstone,  may  therefore  be  regarded  as  the  diaiacterisUc 
lining  of  the  coal-basins ;  but  this  sandstone  rests  on  transition  limestone,  and  this 
limestone  on  highly-inclined  beds  of  slaty  micaceous  sandstone  which,  on  the  one  hand, 
alternates  with,  and  passes  into  a  coarse  breccia,  having  grains  as  large  as  peas ;  on 
the  other,  into  a  soft  argillaceous  slate.  The  micaceous  sandstone  stands  bare  on  the 
north-eastern  border  of  the  Forest  of  Bean,  near  the  southern  extremity  of  the  chain 
of  transition  limestone  which  extends  from  Stoke  Edith,  near  Herdbrd,  to  FLudey  on 
the  SeTem.  It  is  traversed  by  a  defile,  through  which  the  road  from  (s^loucester  to 
Ross  winds.  The  abruptness  of  this  pass  gives  it  a  wild  and  mountainous  character, 
and  aflfords  the  best  opportunity  of  examining  the  varieties  of  the  rock. 

The  luMstane  consists  in  its  lower  beds  of  fine-groined,  tender,  extremely  argillaceous 
slate,  known  in  the  district  hy  the  name  of  toater'Stone,  in  consequence  of  the  wet 
soil  that  is  found  wherever  it  appeara  at  the  surface.  Calcareous  matter  is  inter- 
spersed in  it  but  sparingly.  Its  upper  beds  consist  of  shale  alternating  with  eoctensive 
hods  of  stratified  limestone.  The  lowest  of  the  calcareous  strata  are  thin,  and  alternate 
with  shale.  On  these  repose  thicker  strata  of  more  compact  limestone,  often  of  a  dull 
blue  colour.  The  beds  are  often  dolomitic,  which  is  indicated  by  straw-yellow  colour, 
or  dark  pink  colour,  and  by  the  sandy  or  glimmering  aspect  of  the  rock* 

The  Old  Red  Sandstone,  whose  limits  are  so  restricted  m  other  parts  of  England,  here 
occupies  an  extensive  area.  The  space  which  it  covers,  its  great  thickness,  its  hi|{fa 
inclination,  the  abrupt  character  of  the  surface  over  which  it  provails,  and.  the  conse- 
quent display  of  its  strata  in  many  natural  sections,  present,  in  this  district,  advantages 
ror  studying  the  formation,  which  are  not  be  met  with  elsewhere  in  South  Britain.  In  Uie 
neighbourhood  of  Mitchel  Bean,  the  total  thickness  of  this  formation,  interposed  con- 
formably between  the  transition  and  mountain  limestone,  is  from  600  to  800  fathoms. 

The  mountain  or  carboniferous  limestone  is  distinguished  from  transition  limestone 
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rather  by  ita  poBiiion  than  by  any  yeiy  wide  difference  in  its  general  character  or 
organic  remains.  According  to  the  measurements  of  Mr.  Hushet,  the  total  thickness 
of  the  mountain  limestone  in  the  Gloucestershire  coal-field  is  about  120  fathoms. 
The  zone  of  limestone  belonging  to  this  coal-basin  is  from  a  furlong  to  a  mile  in 
breadth  on  the  surface  of  the  ground,  according  as  the  dip  of  the  strata  is  more  or 
less  rapid.  The  angle  of  dip  on  the  northen  and  western  border  is  often  no  more 
than  10^,  but  on  the  eastern  it  frequently  amounts  to  80^. 

The  aggregate  thidmess  of  the  coal-measures  amounts  to  about  500  fathoms.  1. 
The  lowest  beds,  which  repose  on  the  mountain  limestone,  are  about  40  fathoms,  thick, 
and  consist  here,  as  in  the  Bristol  coal-basin,  of  a  red  cdliceous  grit,  alternating  with 
conglomerate,  used  for  miUstones ;  and  with  clay,  occaaonally  used  for  ochre.  2. 
These  beds  are  succeeded  by  a  series  about  120  fathoms  thick,  in  which  a  grey  gritstone 
predominates,  alternating  in  the  lower  part  with  shale,  and  containing  6  seams  of 
coaL  The  grits  are  of  a  fissile  character,  and  are  quarried  extensively  for  fiag-stone, 
ashlers,  and  fire-stone.  3.  A  bed  of  grit,  25  fathoms  thick,  quarried  for  hearth-stone, 
separates  the  preceding  series  from  the  following,  or  the  4th,  which  is  about  115 
fathoms  thick,  and  consists  of  from  12  to  14  seams  of  coal  alternating  with  shale. 
5.  To  this  succeeds  a  straw-coloured  sandstone,  nearly  100  fathoms  thick,  forming  a 
high  ridge  in  the  interior  of  the  basin.  It  contains  several  thin  seams  of  coal,  from 
6  to  16  inches  in  thickness.  6.  On  this  reposes  a  series  of  about  12  fathoms  thick, 
consisting  of  3  seams  of  coal  alternating  with  shale.  7.  This  is  covered  with  alter- 
nate beds  of  grit  and  shale,  whose  aggregate  thickness  is  about  100  fiithoms,  occuppug 
a  tract  in  the  centre  of  the  basin  about  4  miles  long  and  2  miles  broad.  The 
sandstone  No.  5  is  probably  the  equivalent  of  the  Pennant  in  the  ^nreceding  figure. 
The  floor,  or  pavement,  immediately  under  the  coal-beds  is,  almost  without  exception, 
a  greyish-slate  day,  which,  when  made  into  bricks,  strongly  resists  the  fire.  This  fire- 
clay varies  in  thidmess  from  a  fraction  of  an  inch  to  several  fathoms.  Clay-ironstone 
is  often  disseminated  through  the  shale. 

Gnie  above  description  holds  generally  correct  for  the  great  coal-fields  of  south- 
western Inland,  where  we  have  coal-meaawres,  millstone  grit,  and  mountain  limegtone 
in  regular  order,  the  latter  being  at  the  base  of  the  system.  As  we  proceed  northward 
to  Yorkshire  and  Northumberland,  however,  the  limestone  begins  to  alternate  with  the 
true  coal-measures,  the  two  deposits  forming  together  a  series  of  strata  about  1,000 
feet  in  thidmess.  To  this  mixed  formation  succeeds  the  great  mass  of  genuine 
motmtain  limestone.  In  Fifeshire,  in  Scotland,  we  observe  a  still  great  departure 
from  the  type  of  the  south  of  England,  or  a  more  complete  intercalation  of  dense 
masses  of  marine  limestone,  with  sandstone  and  shales  containing  coal. 

At  Brora,  in  Sutherlandshire,  we  have  a  coal-formation  bdonging  to  the  lower 
divisions  of  the  Oolite  period ;  and  in  the  nort-east  of  Yorkshire,  we  have  a  similar 
formation. 

The  Brora  coal-fidd,  to  which  of  late  much  attention  has  been  directed,  is  a  remark- 
able example  of  a  coal-basin  among  the  deeper  secondary  strata,  but  above  the  New 
Bed  iiandstone  formation.  The  Bev.  Dr.  Buckland  and  Sir  C.  Lyell,  after  visiting  it 
in  1824,  had  expressed  an  opinion  that  the  strata  there  were  wholly  unconnected 
with  the  proper  coal-formation  below  the  New  Bed  Sandstone,  and  were  in  fact  the 
equivalent  of  the  oolitic  series ;  an  opinion  fiilly  confirmed  by  the  subsequent  re- 
searches of  Sir  R  Murchison.  r*Geol.  Trans.*  for  1827,  p.  293.)  The  Brora  coal- 
field forms  a  part  of  those  secondary  deposits  which  range  along  the  south-east  coast 
of  Sutherlandshire,  occupying  a  narrow  tract  of  about  20  miles  in  length  and  3  in  its 
greatest  breadth. 

One  stratum  of  the  Brora  coal-pit  is  a  coal-shale,  composed  of  a  reed-like  striated 
plant  of  the  natural  order  Ejuuetacea,  which  seems  to  have  contributed  largely 
towards  the  fbrmation  of  that  variety  of  coaL  From  this  coal-shale  the  next  transi- 
tion upwards  is  into  a  purer  bituminous  substance  approaching  to  jet,  which 
constitutes  the  great  bed  of  coal.  This  is  from  3  feet  3  inches  to  3  feet  8  inches  thick, 
and  is  divided  nearly  in  the  middle  by  a  thin  layer  of  impure  indurated  shale  charged 
with  pyrites,  which,  if  not  carefully  exduded  from  the  mass,  sometimes  occasions 
spontaneous  combustion  upon  exposure  to  the  atmosphere;  and  so  much  indeed  is 
tnat  mineral  disseminated  throughout  the  district,  that  the  shales  might  be  generally 
termed  *  pyritiferous.'  Inattention  on  the  part  of  the  workmen,  in  1817,  in  leaving 
a  large  quantity  of  this  pyritous  matter  to  accumulate  in  the  pit,  occasioned  a  sponta- 
neous combustion,  which  was  extinguished  only  by  exduding  the  air ;  indeed,  the 
.  ooal-pit  was  dosed  in  and  remained  unworked  for  four  years.  The  fires  broke  out 
again  in  the  pit  in  1827. 

The  purer  part  of  the  Brora  coal  resembles  common  pitcoal ;  but  its  powder  has 
the  red  ferruginous  tinge  of  pulverised  lignites.  It  may  bo  considered  one  of  the  last 
links  between  lignite  and  true  coal,  approaching  very  nearly  in  character  to  jet, 
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though  less  tenacious  than  that  mineral ;  and,  "when  burnt,  exhaling  but  slightly  the 
vegetable  odour  so  i)eculiar  to  all  imperfectlj-bituminised  substances.  The  fossil 
remains  of  shells  and  plante  proTe  the  Brora  coal  to  be  analogous  to  that  of  the  eastern 
moorlands  of  Yorkshire,  altnough  the  extraordinary  thidmess  of  the  former,  com- 
pared with  anj  similar  deposit  of  the  latter  (which  nerer  exceeds  from  12  to  17 
inches),  might  have  formerly  led  to  the  belief  that  it  was  a  detached  and  anomalous 
deposit  of  true  coal,  rather  than  a  lienite  of  any  of  the  formations  above  the  New  Red 
Sandstone :  such  misconception  mignt  more  easily  arise  in  the  in&ncy  of  geology, 
when  the  strata  were  not  identified  by  their  fossil  organic  remains. 

The  beds  of  coal  at  Brora  have  been  recently  (1873)  opened  up  more  thoroughly 
for  the  Duke  of  Sutherland,  with  a  view  to  supplying  the  distnct  with  fuel.  The 
latest  report,  August  1873,  says : —  *  The  output  of  coal  at  the  Duke  of  Sutherland's 
colliery  at  Brora  is  as  yet  small,  but  it  is  Teir  satisfactory  as  regards  quality  and  in 
the  promise  of  quantity.  In  the  seam  which  is  at  present  being  worked  there  is  a 
narrow  band  about  three  inches  thick,  which  is  somewhat  sulphurous ;  but  this  can 
easily  be  chipped  off  and  detached.  From  yarious  causes,  it  is  at  pr^ent  inconvenient 
to  supply  the  public  with  coals  at  the  pit  mouth,  and  due  notice  will  be  given  when 
the  workings  are  in  such  a  condition  as  to  admit  of  the  public  being  freely  supplied. 
A  few  weeks  ago  a  6-ton  truck  of  Brora  coal  was  sent  south  to  Inverness ;  and  coal 
has  also  been  supplied  from  the  mine  to  the  inhabitants  of  Laing  and  the  eastern 
districts  of  Sutherlandshire  at  about  1/.  and  in  some  cases  rather  less,  per  ton.  This  is 
only  about  half  the  price  paid  for  coal  from  the  south.  The  Duke  of  Sutherland's 
lime-kilns  at  Laing  are  now  almost  constantly  supplied  firom  the  Brora  mine.  When 
the  new  seam  is  opened  up  and  worked,  it  is  expected  that  the  supply  will  be  both 
regular  and  plentiful.'    This  expectation  does  not  appear  to  have  been  realised  (1874). 

For  description  of  the  oolitic  coals  of  Scotland,  see  Mr.  J.  Judd's  paper  on  '  The 
Secondary  Bocks  of  Scotland,'  in  *  Quart  Joum.  Geol.  Soc',  Lond.  xxix.  1873,  p.  97. 

On  the  coast  of  YorksUre  the  strata  of  a  similar  formation  appear  in  the 
following  descending  order,  from  Filey  Bay  to  Whitby : — 1.  Coral-rag.  2.  Calca- 
reous grit.  8.  Shale,  with  fossils  of  the  Oxford  clay.  4.  Kelloway  rock  (swelling 
out  into  an  important  arenaceous  formation).  6.  Combrash.  6.  Coaly  grit  of  Smith. 
7.  Pierstone  (according  to  Mr.  Smith,  the  equivalent  of  the  great  oolite).  8.  Sand- 
stone and  shale,  with  j^etUiar  plants  and  various  seams  of  coal.  9.  A  bed  with  fossils 
of  the  inferior  oolite.  10.  Man-stone  ?  11.  Alum-shale  or  lias.  All  the  above  strata 
are  identified  by  abundant  organic  remains. 

The  most  complete  and  simplest  form  of  a  coal-field  is  the  entire  basin-shape, 
which  we  find  in  some  instances  without  a  dislocation.  An  example  of  this  is  to  be 
seen  at  Blairengone,  in  the  county  of  Perth,  immediately  adjoining  the  western 
boundary  of  Cladunannanshire,  as  represented  in  fy,  467,  where  the  outer  elliptical 
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line,  marked  A,  b,  o,  d,  represents  the  crop,  outburst,  or  basset  edge  of  the  lower 
coal,  and  the  inner  elliptical  line  represents  the  crop  or  basset  edge  of  the  superior 
coal.  Fig*  468  is  the  longitudinal  section  of  the  line  ▲  b  ;  and/^^r.  469,  the  transverse 
section  of  the  line  o  d.  All  the  accompanying  coal-strata  partake  of  the  same  form 
and  parallelism.  These  basins  are  generaUy  elliptical,  sometimes  nearly  circular, 
but  are  often  very  eccentric,  being  much  greater  in  length  than  in  breadUi ;  and 
frequently  one  side  of  the  basin  on  the  short  diameter  has  a  much  greater  dip  than 
the  other,  which  circumstance  throws  the  trough  or  lower  part  of  the  basin  concavity 
much  nearer  to  the  one  side  than  to  the  other.    From  this  view  of  one  entire  basin,  it 
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IS  oYident  that  the  dip  of  the  coal-strata  belonging  to  it  runs  in  opposite  directions, 
on  the  opposite  sides,  and  that  all  the  strata  re^arlj  crop  out,  and  meet  the  aUuvial 
cover  in  every  point  of  the  circumferential  space,  like  the  edges  of  a  nest  of  oonunon 
basins.    The  waving  line  marks  the  river  Devon. 

It  is  firom  this  basin  shape  that  all  the  other  coal-fields  are  formed,  which  are  seg- 
ments of  a  basin  produced  bj  slips,  dikes,  or  dislocations  of  the  strata.  If  the  coal 
{fig.  467)  were  dislocated  b^  two  slips  b  c  and  d  e,  the  slip  b  e  throwing  the  strata 
davm  to  the  east,  and  the  sbp  d  e  throwing  them  as  much  up  in  the  same  direction,  the 
outcrops  of  the  coals  would  be  found  in  the  form  represented  in  fia,  470,  of  which 
fig,  471  is  the  section  in  the  line  a.  b,  and>^.  472  the  section  in  the  bne  c  d. 

The  absolute  shape  of  the  coal-fields  in  Great  Britain  has  been  ascertained  with 
gurprisin«^  precision.  To  whatever  depth  a  coal-mine  is  drained  of  its  water,  from 
that  depth  it  is  worked,  up  to  the  rise  of  the  water-level  line,  and  each  miner  con- 
tinues to  advance  his  room  or  workiqg-place,  till  his  seam  of  coal  meets  the  alluvial 
ooveif  of  the  outcrop,  or  is  cut  off  by  a  dislocation  of  the  strata.  In  this  way  the 
miner  travels  in  succession  over  every  point  of  his  field,  and  can  portray  its  basin- 
shape  most  minutely. 

J^.  473  represents  a  horisontal  plan  of  the  Clackmannanshire  coal-field,  as  if  the 
strata  at  the  outcrop  all  around  were  denuded  of  the  alluvial  cover.  Only  two  of  the 
concentric  beds,  or  of  their  edges  a,  a,  are  ..^ 

represented,  to  avoid  perplexitv.    It  is  to  be  ' 

remembered,  however,  that  all  the  series  of 
attendant  strata  lie  parallel  to  the  above 
line.  This  plan  shows  the  Ocfaill  mountains, 
with  the  north  coal-fields,  of  an  oblong  ellip-  ^ 
tlcal  shape,  the  side  of  the  basin  next  the 
mountains  being  precipitous,  as  if  upheaved 
by  the  eruptive  trap-rocks ;  while  the  south,  Eattr 
the  east,  and  the  west  edges  of  the  basin  V 
shelve  out  at  a  great  distance  f^m  the  lower  Great 
part  of  the  concavity  or  trough^  as  miners 
call  it.  Thus  the  alternate  beds  of  coal, 
shale,  and  sandstone,  all  nearly  concentric  in 
the  north  coal-field,  dip  inwards  from  all 
sides  towards  the  central  area  of  the  trough. 
The  middle  coal-field  of  this  district,  how- 
ever, which  is  formed  by  the  great  north 
slip,  is  merely  the  segment  of  an  elliptioal 
basin,  where  uie  strata  dip  in  every  direction 
to  the  middle  or  the  axis  marked  with  the  letter  x ;  being  the  dee{)est  part  of  the 
segment  The  south  coal-field,  formed  by  the  great  south  slip,  is  likewise  the  seg- 
ment of  another  elliptical  basin,  similar  in  ^1  respects  to  the  middle  coal-field. 
Beyond  the  outcrop  of  the  coals  and  subordinate  strata  of  the  south  coal-fields,  the 
counter  dip  of  the  strata  takes  place,  producing  the  mantle-shai>ed  form ;  whence  the 
coal-strata  in  the  Ihinmoro  field,  in  Stirlingshire,  lie  in  a  direction  contrary  to  those 
of  the  south  coal-field  of  Clackmannanshiro.    o,  are  the  Ochill  mountains. 

Fig,  477  is  a  very  interesting  section  of  the  main  coal-basin  of  Clackmannanshiro, 
as  given  by  Mr.  Bald  in  the  Wemerian  Society's  Memoirs,  vol.  iii.  Hero  we  see  it 
broken  into  three  subordinate  ooal-fields,  formed  by  two  great  faults  or  dislocations  of 

477 


the  strata ;  but  independentlv  of  these  firactures  across  the  whole  series,  the  strata 
continue  quite  regular  in  their  respective  alternations,  and  preserve  nearly  unchanged 
their  angle  of  inclination  to  the  horizon.  The  section  shows  the  south  coal-field 
dipping  northerly,  till  it  is  cut  across  by  the  great  south  slip  *,  which  dislocates  the 
coal  and  the  parallel  strata  to  the  enormous  extent  of  1,230  feet,  by  which  all  the 
coals  have  been  thrown  up,  not  simplv  to  the  day,  but  aro  not  found  again  till  we 
advance  nearly  a  mile  nortnward,  on  tne  line  of  the  dip,  whero  the  identical  seams  of 
ooal,  shale,  &c.,  aro  observed  once  moro  with  their  rogular  inclination.    These  coals 
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of  the  middle  area  dip  regularly  north-ward  till  interrupted  by  the  great  north  slip  y, 
which  dislocates  the  strata,  and  throws  them  up  700  feet ;  that  is  to  say,  a  line  pro- 
longed in  the  direction  of  any  one  well-known  seam,  will  run  700  feet  above  the  line 
of  the  same  seam  as  it  emerges  after  the  middle  slip.  Immediately  adjoining  the 
north  slip,  the  coals  and  coal-field  resume  their  course,  and  dip  regularly  northward, 
running  through  a  longer  range  than  either  of  the  other  two  members  ai  the  basin, 
till  they  arrive  at  the  valley  of  the  Devon,  at  the  foot  of  the  Ochill  mountains,  where 
they  forni  a  concave  curvature,  or  trough  a,  and  thence  rise  rapidly  in  an  almost 
vertical  direction  at  b.  Here  the  coals,  with  all  their  associated  strata,  assimie  con- 
formity and  parallelism  with  the  face  of  the  syenitic-greenstone  strata  of  the  Ochill 
mountains  c,  being  raised  to  the  high  angle  of  73  degrees  with  the  horizon.  The 
coal-seams  thus  upheaved,  are  called  edae^metals  by  the  miners. 

In  this  remarkable  coal-field,  which  has  been  accurately  explored  by  pitting  and 
boring  to  the  depth  of  703  feet,  there  are  no  fewer  than  142  beds,  or  distinct  strata  of 
^•^3  coal,  shale,  and  sandstone,  &c,  variously  alternating,  an  idea  of  which  may 
be  had  by  inspecting  fy,  478.  Among  these  are  24  beds  of  coal,  which 
would  constitute  an  aggregate  thickness  of  59  feet  4  inches :  the  thinnest 
seam  of  coal  being  2  inches  and  the  thickest  9  feet.  The  strata  of  this 
section  contain  numerous  varieties  of  sandstone,  8late-<day,  bituminous  shale, 
indurated  clay,  or  fire-da^,  and  clav  ironstone.  Neither  trap-rock  nor  lime- 
stone is  found  in  connection  with  the  workable  coals ;  but  an  immense  bed 
of  greenstone,  named  Abbey  Craig,  occurs  in  the  western  boondaiy  of 
Clackmannanshire,  under  which  lie  regular  strata  of  slate-clay,  sandstone, 
thin  beds  of  limestone,  and  large  spheroidal  masses  of  day  ironstone,  with  a 
mixture  of  lime. 

*  With  regard  to  slips  in  coal-fields,'  says  Mr.  Said,  *  we  find  that  there  is 

a  general  law  connected  with  them  as  to  the  nosition  of  the  dislocated  strata, 

which  is  this : — ^When  a  slip  is  met  with  in  tne  course  of  working  the  mines 

— if  when  looking  to  it,  the  vertical  line  ot  the  slip  or  fissure,  it  forms  an 

acute  angle  with  the  line  of  the  pavement  upon  which  the  observer  stands, 

we  are  certain  that  the  strata  are  dislocated  downwards  upon  the  other  side 

of  the  fissure.    On  the  contrary,  if  the  angle  formed  by  the  two  lines  above 

mentioned  is  obtuse,  we  are  certain  that  the  strata  are  dislocated  or  thnrwn 

upwards  upon  the  other  side  of  the  fissure.  When  the  angle  is  90^  or  a  right 

479        angle,  it  is  altogether  uncertain  whether  the  dislocation  throws  up  or 

down  on  the  opposite  side  of  the  slip.    When  dikes  intercept  the 

strata,  they  generally  only  separate  the  strata  the  width  of  the  dike, 

without  any  dislocation,  either  up  or  down ;  so  that  if  a  coal  is  inters 

cepted  by  a  dike,  it  is  found  again  by  running  a  mine  directly 

forward,  corresponding  to  the  angle  or  inclination  of  the  coal 

with  the  horizon.' — Wemerian  Society s  Memoirs^  voL  iii.  p.  133. 

The  Johnstone  coal-field,  in  Renfrewshire,  is  both  singular  and 
interesting.  The  upper  stratum  of  rock  is  a  mass  of  compact 
greenstone  or  trap,  above  100  feet  in  thickness,  not  at  all  in  a 
conformable  position  with  the  coal  strata,  but  overlying;  next 
tliere  are  a  few  fathoms  of  soft  sandstone  and  slate-clay,  alternat- 
ing, and  uncommonly  soft  Beneath  these  beds,  there  are  no 
fewer  than  10  seams  of  coal,  lying  on  each  other,  with  a  few 
divisions  of  dark  indurated  clay.  These  coal-seams  have  an 
aggregate  thickness  of  no  less  than  100  feet;  a  mass  of  com- 
bustible matter,  in  the  form  of  coal,  unparalleled  for  its  accumu- 
lation in  so  narrow  a  space.  The  greater  part  of  this  field  contains 
only  6  beds  of  coal;  but  at  the  place  where  the  section  shown 


in^.  479  is  taken,  these  6  coals  seem  to  have  been  overlapped  or  made  to  slide  over 
each  other  by  violence.  This  structure  is  represented  in^,  480,  which  is  a  section 
of  the  Qnarrelton  coil  in  the  Johnstone  field,  showing  the  overlapped  coal  and  the 
double  coal,  with  the  thick  bed  of  greenstone,  overlying  the  coal-field. 

Fig.  481  is  intended  to  represent  an  extensive  district  of  country,  containing  a 
great  coal-basin,  divided  into  numerous  subordinate  coal-fields  by  dislocations.  The 
lines  marked  b  are  slips,  or  faults ;  the  broad  lines  marked  c  denote  dikes :  the  former 
dislocate  the  strata,  and  change  their  level,  while  dikes  disjoin  the  strata  with  a  wall, 
but  do  not  in  general  a£fect  their  elevation.  The  two  parallel  lines  marked  a,  represent 
two  seams  of  coal,  variously  heaved  up  and  down  by  the  faults ;  whereas  the  dikes  are 
seen  to  pass  through  the  strata  without  altering  their  relative  position.  In  this 
manner  partial  coal-fields  are  distributed  over  a  wide  area  of  country  in  evei^  direction. 

Fig,  482  is  an  instance  of  a  convex  coal-field  exhibited  in  Staffordshire,  at  the 
Castle-hill,  dose  to  the  town  of  Dudley.    1,  1,  are  limestone  strata ;  2,  2,  are  ooaL 
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Through  this  hill  canals  haTe  been  cat,  for  working  the  immense  beds  of  carboniferous 
limestone.  These  occur  in  the  lower  series  of  the  strata  of  the  coal-field,  and  therefore 
at  a  distance  of  many  miles  from  the  Castle-hill,  beyond  the  outcrop  of  all  the  workable 

480 


a.  Alluvial  cover.  e.-  Position  of  ^eenstone,  not  ascertained. 

&.  Bed  of  trap  or  ffieenstoner  /.  Strata  in  wmch  no  coals  have  been  found. 

e.  Alternating  coal  strata.  g.  The  overlapped  coaL 

d^  Goal-seams*  A.  The  double  coal* 

coals  in  the  proper  basin-shaped  part  of  the  field ;  but  by  this  apparently  inverted 

basin-form,  these  limestone  beds  are  elevated  far  above  the  level  of  the  general  surface 

of  Uie  country,  and  oonsequentlj  above  the  level  of  aU  the  coals*    We  must  regard 

this  seeming  inversion  as  resulting  from 

the  appnmmation  of  two  ooal-^sins,  481 

separated  by  the  basset  edges  of  their 

mountain  limestone  repositorv. 

Fig,  483  is  a  vertical  section  of  the 
Dudley  coal-basin,  the  u]pper  coal-bed 
of  which  has  the  astonishing  thickness 
of  80  fset;  and  this  mass  extends  7 
miles  in  length,  .and  4  in  breadth. 
CJoal-seams  6  or  6  feet  thick  are  called 
ikin  in  that  district. 

For  a  satisfBMStory  description  of  the 
coal-field  of  South  Stafiforashire,  the 
reader  is  referred  to  a  memoir, '  On  the 
Geology  of  the  South  Staffordshire  Coal- 
field/by  J.  Beete  Jukes,  published,  in 
the  *Beoords  of  the  School  of 
IGnes.' 

It  is  not  possible  in  the 
present  work  to  enter  into 
any  fdrther  description  of 
the  coal-fields  of  this  country. 
In  the  selections  which  have 
been  made,  striking  types 
have  been  diosen,  wmch  are 
suffidently  characteristic  to 
serve  the  purposes  of  general 
illustration.  There  are  many 
variations  from  the  condi- 
tions which  have  been  de- 
scribed, but  these  are  due 
to  disturbances  which  have 
taken  place  either  since  the 
formation  of  the  coal,  or 
during  the  period  of  the 
actual  deposition  of  the  coal. 

The  probability  of  finding  coal  in  the  South  of 'England  has,  of  late,  been  invested 
with  especial  interest ;  and  we  are  from  time  to  time  startled  with  the  announcement 
that  coal  has  been  discovered. 

Not  long  since  a  paragraph  appeared  announcing  a  remarkable  discovery  of  coal  in 
the  Isle  of  Wight.  The  late  gales  had  denuded  the  shore  of  WhitedifF  Bay  of  its  usual 
mass  of  sand  and  shingle,  laying  bare  '  a  seam  of  ooal '  extencUng  from  the  front  of 
the  cliff  down  to  low-watermark,  and  how  &r  beyond  could  not,  of  course^be  said. 
The  seam  was  alleged  to  be  from  six  to  seven  feet  wide,  and  it  had  been  dug  out  by 
the  fishermen  and  others  to  a  depth  of  six  feet  without  any  signs  of  exhaustion,  the 
seam  rather  widening  as  it  deepened.  The  coal  was  described  as  resembling  th^ 
ordinary  kind,  and  burning  well.  The  existence  of  coal  in  the  Isle  of  Wight  was  » 
fhct  by  no  means  unknown,  though  it  has  been  in  a  great  measure  overlooked.  During 
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a  visit  made  to  tho  island  in  1860  Professor  Bamsajand  Mr.  H.  W.  Bzistov  observed 
certain  beds  of  a  ooal  on  the  west  side  of  the  island,  in  AInm  Bay. 

Theee  coal-seams  at  Alum  Bay  are  found  in  the  Bracklesham  beds  of  the  Middle 
Bagshot  series,  appertaining  therefore  to  the  Middle  Eocene  Tertiaries.  The  formation 
reappears  at  tilie  opposite  extremity  of  the  Isle  of  Wight,  namely,  at  Whitediff  Bay 
near  Underdid  the  spot  already  mentioned.  But  the  existence  of  the  coal-seams  at 
the  latter  spot  was  not  detected  hj  the  Geolopical  Survey  ontdl  veiy  lately,  when  the 
seams  in  question  were  observed  by  Mr.  Penning,  in  company  with  a  miner  from  the 
Forest  of  Dean,  named  Bichard  Gibbe.  The  seams  were  apparently  of  greater 
width  than  those  at  Alum  Bay,  although  a  thickness  of  seven  feet  could  not  be  made 
out  unless  it  were  by  adding  several  contiguous  seams  together.  The  discovery  was 
commiuiicated  to  Mr.  Bristow,  who  thus  describes  them : — 

'  The  strata  comprised  between  the  well-known  glasshouse  sands  at  the  base  of 
Headon  Hill  and  the  pipe-clay-bearing  sands  and  clays  overlying  the  London  Clay, 
and  grouped  together  by  Mr.  J  oehua  ^mmmer  as  the  Middle  Bagshot  series,  were  sub- 
divided by  him  into  Barton  day  and  Bracklesham  Beds. 

*  The  latter  are  represented  in  Alum  Bay  l^clavs  and  maris  in  the  lower  part,  and 
by  white,  yellow,  and  crimson  sands  above.  The  lower  beds  are  remaricable  for  the 
quantity  of  vegetable  matter  contained  in  them,  not,  however,  in  the  shape  of  leaves, 
as  is  the  case  in  some  of  the  Lower  Bagshot  Beds,  but  in  the  form  of  ligmte,  constitut- 
ing solid  beds  from  fifteen  inches  to  two  feet  three  inches  thick.  Four  of  tlieee  beds, 
when  fully  displaced,  constitute  conspicuous  objects  in  the  diff,  where  they  prqject  out 
of  the  softer  strata,  and  on  the  shore,  from  their  black  and  coal-like  appearance. 

*  These  beds  of  coal  were  recentlv  more  than  usually  well  displayed  m  consequence 
of  the  prevalence  of  long-continued  wet  weather  having  worn  away  the  soft  interven- 
ing strata  in  whidi  they  are  imbedded.  On  examining  them  during  a  brief  visit 
made  to  the  Island,  in  company  with  Professor  Bamsay,  during  the  autumn  of  1860, 
it  appeared  evident  that  the  beds  in  question  occur  more  in  the  manner  of  oodinazy 
coal  than  of  mere  lignite.  Like  true  coal,  each  bed  was  based  upon  a  stratum  of  day, 
containing,  apparenUy,  the  rootlets  of  plants,  as  in  the  undercky  of  the  true  coal- 
measures.  The  underdays,  which  occur  oeneath  each  bed  of  coal  of  carbonrfiorous  date, 
having  been  the  soil  which  supported  the  vegetation  which,  by  certain  chemical 
changes,  became  subsequently  mmeralised  and  oonveirted  into  coal,  it  is  reasonable  to 
infer  from  tihe  presence  of  similar  underdays  beneath  the  coal  in  the  Braddeeham 
Beds  at  Alum  Bay,  that  the  plants  out  of  which  it  was  formed  grew  on  the  spot^  and 
were  not  drifted  from  elsewnere  and  deposited  afterwards  in  the  places  where  they 
are  now  fbund,  as  was  undoubtedly  the  case  with  regud  to  the  vegetable  remains 
contained  in  the  pipe-day  beds  of  the  Lower  Bagshot  series.' 

The  following  section  of  the  bracklesham  beds  in  Alum  Bay,  as  given  bj 
Mr.  Bristow,  in  nis  *  Memoir  on  the  Geology  of  the  Isle  of  Wipjht,'  will  show  the  tnM 
position  occupied  l>y  those  lignite  beds  in  the  series  (in  ascending  order) : — 

Dark  dioeolate-coloured  maris  and  cariwnaeeous  day,  with  much    ft.    in. 
lAgniU  and  Gw9um    ....•.•..    39    6 

ft.    in. 

Clays  and  marls 15    3 

LfgniUband 16 

Clays  and  marls 8    3 

,  Liffnite  band 18 

Clays  and  marls v        .      6    0 

Ligniie  band .        .        .  ^ 2    3 

Cukys  and  marls 4    3 

LigmUe  band 9  in.  to      1    0 

Clays  and  marls    .        , 6    0 

39    6 

Whitish  marl  day 85    0 

Sands  (prindpally  white),  light  tawny  yellow  in  the  upper  part ;  the 

lower  three  feet  crimson •45-0 

Oon^omerate  of  xonnded  flint  pebbles  cemented  by  ofxide  of  iron  1ft.  to      1     6 

Total Ill     0 

The  pebbles  are  of  various  siaes,  the  largest  a  foot  in  diameter. 

The  Lignite  of  Bovey  already  referred  to,  may  be  regarded  as  of  a  similar  diawictar 
to  this  of  the  Isle  of  Wight,  notwithstandinj^  the  diflbrencee  which  have  been  pointed 
outr  and  the  coal  of  Brora  is  not  very  dissimilar  in  its  general  character. 

The  ooal  of  tho  Wealden  strata  is  generally  termed  *  lignite,'  though  some  ap- 
prwdtes  very  closely  to  the  character  of  a  true  cooL    Whether  we  call  it  li|paite  or 


Digitized  by  VjOOQIC 


COAL  835 

coftl,  it  appears  to  belong  to  the  lowest  Btiatmn  of  the  Hastings  sands,  known  as  the 
Ashburnham  beds,  which  have  never  jet  been  tolly  explored.  They  rarely  crop  out 
to  the  snr&ee,  and  wonld  be  less  known  than  they  are  were  it  not  that  they  are  occa- 
sionally laid  bare  by  water-courses,  and  are  at  times  exposed  at  the  base  of  difib  when 
the  sea  makes  deeper  inroads  than  usual.  It  was  this  same  kind  of  coal  which  gave 
so  great  a  zest,  at  the  beginning  of  the  present  century,  to  the  costly  speculation  at 
BexhiU,  near  Hastings.  In  a  boring  near  the  seashore  *  smut  coal,*  three  feet  thick,  is 
reported  to  have  been  found  at  the  depth  of  80  yards ;  '  strong  coal,'  two  feet  thick, 
at  a  depth  oi  rather  more  tJian  50  yards ;  and  sulphureous  eoal  of  bad  quality,  more 
than  four  feet  thick,  at  a  further  depth.  Being  very  near  the  sea  the  salt  water 
percolated  into  the  boring,  and  although  a  powerful  steam-engine  was  employed,  the 
exploration  at  that  spot  had  to  be  abandoned.  Another  attempt  was  made  further 
inland,  on  Bexhill  Down ;  but  coal  does  not  seem  to  have  been  K>und  in  this  second 
efifort,  and  after  a  large  outlay— ndnous  to  the  prind^  adventurer— the  attempt  was 
abandoned.  The  Bexhill  coal,  there  is  reascm  to  believe,  belonged  to  an  upthrow  of 
the  Ashburnham  beds. 

The  question  of  the  existence  of  coal  in  our  Southern  Oounties  was  oarefblly  examined 
by  the  Koyal  Coal  Commission.  Several  witnesses,  more  espedaUy  Hr.  Godwin  Austen 
and  Mr.  Prestwich,  were  examined,  and  the  reports  of  their  evidence  are  fidl  of  interest. 

The  following  is  the  general  purport  of  the  report  made  to  tiie  Boyal  Coal  Commis- 
sion by  Mr.  Prestwich  on  the  probabilities  of  finding  coal  in  the  South  of  fhigland. 

'About  two  centuries  ago  the  Bdgian  coal-field  was  found  to  extend,  beneath  the 
newer  formation  on  the  frontiers,  into  Erance  as  far  as  Valenciennes.  An  uninter- 
rupted chalk  district  extended  northward,  and  the  coal-measures  were  supposed  to  be 
lost  But  at  a  later  period  valuable  coal  was  found  to  exist  at  Aigin.  This  led  to 
further  search,  and  the  coal-measures  have  been  gradually  followed  in  a  western 
direction  under  the  chalk  to  within  thirty  miles  of  Calais.  Looking  at  these  facts, 
and  reasoning  on  theoretical  considerations  connected  with  the  formation  of  coal  in 
the  west  of  j^irope,  Mr.  Godwin  Austen  concluded  that  coal-measures  might  possibly 
extend  beneath  the  south-eastern  part  of  England.  He  showed  that  the  coal-measures 
which  thin  out  under  the  chalk  near  Therouanne  probably  set  in  again  near  Calais, 
and  are  ]^longed  in  the  line  of  the  Thames  Valley,  parallel  with  the  North  Downs, 
and  continuing  thence  under  the  Valley  of  the  Kennet  extend  to  the  Bath  and 
Bristol  coal  area.  He  showed,  upon  theoretical  grounds,  that  the  coal-measures  of  a 
large  portion  of  England,  Fnince,  and  Belgium  were  once  continuous,  and  that  the 
present  coal-fields  were  merely  fragments  of  the  great  original  deposit  preserved  in 
noUows.  These  views  are  supported  by  many  emment  geologists  who  gave  evidence 
before  the  Commission ;  but  they  have  been  controverted  by  Sir  Boderidc  Muichison, 
who  contends  that  in  consequence  of  the  extension  of  Silurian  and  Cambrian  rocks 
beneath  the  secondary  strata  of  the  south-east  of  England,  and  of  the  great  amount 
of  denudation  which  the  carboniferous  rocks  had  undergone  over  the  area  of  the  South 
of  England  previous  to  the  deposition  of  the  secondary  formations,  little  coal  could  be 
expected  to  remain  under  the  Cretaceous  rocks.  Upon  a  general  review  of  the  whole 
suDJect^  Mr.  Prestwich  adopts,  with  slight  variations,  the  views  of  Mr.  6K)dwin 
Austen,  and  is  led  to  the  conclusion  that  there  is  the  highest  probability  of  a  large 
area  of  productive  coal-measures  existing  under  the  Secondary  rocks  of  the  South  of 
England.  He  shows  that  the  thickness  of  these  overlying  rocks  is  not  likely  to  exceed 
1,000  to  1,200  feet,  and  considers  that  there  is  reason  to  infer  that  the  under^und 
ooal-basins  may  have  a  length  of  160  miles,  with  a  breadth  of  two  to  eight  miles, — 
limits  within  uniich  are  confined  the  rich  and  valuable  coal-measures  of  Belgium.' 

Hr.  Prestwich  shows  that  there  are  grounds  for  believing  in  the  existence  of  coal 
on  the  south  side  of  the  Mendips,  and  under  acyacent  pazts  of  the  Bristol  Channel, 
but  at  a  depth  of  not  less  than  1,500  to  2,000  feet,  and  mentions  also  a  small  new 
coal  basin  m  the  Severn  vallegr*  near  New  Passage. 

As  the  existence  of  ooal  under  the  unexplored  area  of  the  South  of  England  is  still  a 
question  of  theory,  an  attempt  is  now  (1873^  being  made  to  settle  this  important  question. 

The  boring  now  going  on  in  the  pansh  of  Netherfield,  near  Battle,  is  designed 
to  accomplish  something  more  than  a  mere  exploration  of  the  Wealden  strata.  In 
this  case  Uiere  is  the  hope  of  finding  the  Primary  rocks,  an  expectation  which  was 
deemed  chimerical  by  the  early  school  of  geologists,  but  which  is  now  viewed  in  a  very 
difl&rent  lights  Experience  has  shown  than  all  the  strata  which  probably  intervene 
between  one  fbrmatfon  and  another  do  not  invariably  occur.  Several  members  of  the 
series  may  be  absent,  and  we  may  experience  a  kind  of  plmige  firam  upper  secondary 
rocks  into  those  of  the  primary  order.  This  is  the  prolxibilit^  which  encourages  the 
iub-Wealden  explorers.  The  Ashburnham  beds  have  been  *  pierced,'  and  it  appears 
that  the  boring  tool  is  in  some  lower  stratum.  This  mav  be  so ;  but  the  geology  of 
this  Netherfield  boring  is  not  very  clear,  the  depth  of  the  boring  is  now  above  800 

8h2 


Digitized  by  VjOOQIC 


COAL 


■/, 


feet  A  bed  of  gypsum  has  been  found,  -which  is  altog»5thep  about  thirty  feet  in  thidc- 
ness,  sometimes  in  thick  masses,  at  other  times  nodular  and  irregular.  This  is  an 
important  addition  to  the  Purbeck  series  of  Sussex.  Nearer  the  surface,  limestone  has 
been  found,  said  to  be  available  both  for  burning  and  building  purposes.  It  is  de- 
sirable to  know  -whether  the  Palsdozoic  rocks  are  really  as  near  the  surfiwje  in  the 
south-east  of  England  as  some  geolo^sts  have  supposed.  The  sub-Wealden  explorers 
do  not  now  profess  to  be  actually  in  search  of  coal,  but,  -without  doubt,  they  would  be 
glad  if  their  enterprise  should  lead  the  way  to  a  discovery  of  this  kind. 

From  the  Bep^t  of  the  Boyal  Coal  Commission  the  following  Table  is  taken : 
showing,  according  to  their  cardfiQ  computation,  the — 

QUANTTTIBS  OP  CoAL  m  KKCWN  COAL-FDtLDS. 

*  Adopting  4,000  feet  as  the  limit  of  practicable  depth  in  working,  and  accepting  the 
estimate  of  each  Commissioner  for  the  waste  and  loss  incident  to  working  the  coal  in 
the  district  assigned  to  him,  we  now  present  the  following  estimate  of  the  quantities 
of  a-vailable  coal  contained  in  the  several  districts  which  together  comprise  the  coal- 
fields above  enumerated : — 

awnmary  qfBwutU  ofBeports  aa  to  Quantities  of  Coal  worJeed  and  unworked  in 
certain  districts. 


▲mount  of  Coal  In 

AmonntorGotfln 

TMaUorCoalln 

MafDbOToahb 

Vo. 

nuMotCoA-tM 

SUtoto  IVmi  to 

£j%0?ft!^ 
^•rthonMot. 

Statato  Tons  in 

Statntti  Tons  In 

«MhCo«l.add 

after  the 

B«p«>t 

thonaeeMtfy 

OMMWy 

• 

1.  Mr.  YlTlaa     . 

2.  Mr.  Clark 

}i 

SoathWalea     •       .       . 

82,466,208,918 

4^09,987,004 

36,666,196,917 

9.  Mr.DioUiiaon 

2 

Forest  of  Dean . 

265,000,000 

Nfl. 

265,000,000 

10.  Mr.  Prestwioh 

8 

Briatol      .... 

4,218,970,762 

1^^0,220 

6,104,310,982 

9.  Mr.Woodhoiue 

4 

WarwlckBhire   . 

458,652,714 

Nil. 

458,662,714 

8.  Mr.  HarUey    . 

6 

South  Stailordahire  .      'j 

Do. 

6 

Coalbrook  Dale  and  Fo- 1 
rest  of  Wyre         .       f 

1,906,119,768 

•• 

1,906,119,768 

Do. 

7 

OleeHQLs  .       .       .      / 

9.  Mr.  Woodhonae 

8 

886,799,784 

.. 

886,799,784 

11.  Mr.  DicUnaon 

9 

North  Walea     .       .       . 

2,006,000,000 

«. 

2.«»»XW,000 

Do. 

10 

Angleaoy   .... 

5,000,000 

6,000,000 

7.  Mr.  Klllot 

11 

North  Staffordshire  .       . 

8,825,488,106 

1,000,785,488 

4,826,273,693 

6.  Mr.  DiddiMn 

12 

Lancashire  and  Cheshire  . 

6,546,000,000 

90,000,000 

6,636,000,000 

9.  Mr.Woodhooae 

18 

Midland    .... 

18,172,071,488 

284,728,010 

18,406,799,443 

Do. 

14 

BhKOcBnnon    . 

70,964,011 

NIL 

70,964,011 

4.  Mr.  Footer     • 

5.  Mr.  BUiot 

}»{ 

Northumberland       and ) 
Durham         .       .       j 

10.036,660,286 

.. 

10,086,660,286 

4.  Mr.  FoTBter     . 

16 

Cnmberland     • 
ScoTLAiro. 

405,208,792 

•• 

406,208,792 

12.  Mr.  Gedda     . 

17 

BdinDCUvh        ...                    6v 

6U 

Do. 

18 

Lanarkshire      . 

16 

16 

Do. 

19 

Fifbahire   .       . 

95 

95 

Do. 

20 

Ayrshire  .       .       . 

69 

88 

Do. 

21 

EastLothian    . 

80 

80 

Do. 

22 

Etith  of  Forth  . 

00 

00 

Do. 

28 

Dnmfriesshire  . 

95 

66 

Do. 

24 

West  Lothian    . 

00 

00 

Do. 

25 

Ferthshiie.       . 

40 

40 

Do. 

26 

Stirlingshire     . 

86 

86 

Do. 

27 

.04 

•4 

Do. 

28 

.        .                      120 

120 

Do. 

29 

Benfrewshire    . 

!85 

S6 

Do. 

80 

Argyleehix^       . 

20 

20 

Do. 

81 

Satherlandahire 

KM 

100 

Do. 

82 

Bozbiirghshire  • 

KK) 

100 

Ireland.             . 

18.  Prof  easorJokes, 

88 

BallycasUe  (Antrim  Ca)  . 

16,000,000 

KX) 

OommiBBloner 

(decetued),  kdA 
Mr.  Hull 

Do. 

84 

Tyrone     .... 

64M)0,000 

KM) 

Do. 

35 

Leinster  (Qaeen's  Co.)     . 

"»55X'JS 

100 

Do. 

86 

Tippeiary. 

25,000,000 

KM) 

Do. 

87 

Munster  (Clare,  &c.) 

20,000,000 

WO 

Do. 

88 

Gonnanght       •       . 

10,800,000 

no 

Total       . 

90,207,285,898 

7,320,840.722 

97,628,120,210 

None— It  wae  an  instruction  to  the  Commissioners  to  whom  the  districts  were  assigned  to  cxdude 
from  their  thorns  all  beds  of  coal  of  less  than  1  foot  in  thicknoss. 
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From  the  same  Eeport  the  following  remarks  on  the  duration  of  coal  in  these  islands 
is  abstracted: — 

*  The  CommissionerSi  before  proceeding  to  investigate  the  question  of  the  doration 
of  this  quantity,  based  upon  increasing  consumption,  think  it  useAil  to  state  the  rela- 
tion which  146,480,000,000  of  tons  bear  to  our  present  consumption,  estimated  at 
115,000,000  ]per  annum,  in  order  that  the  vast  magnitude  of  our  stores  of  coal  may  be 
better  appreciated.  Thus  we  find  that  146,480,000,000  of  tons  will  support  our  pre- 
sent production  for  1 ,273  years ;  the  same  quantity  would  support  an  anniml  production 
of  146,000,000  for  1,000  years;  of  175,000,000  for  837  years;  and  of  280,000,000, 
being  double  our  present  production,  for  636  years. 

*  Ae  question  of  the  duration  of  the  total  available  quantity  turns,  therefore, 
chiefly  upon  the  statistics  of  consumption  contained  in  the  Beport  of  Committee  £ 
(which  was  the  sole  labour  of  the  Editor  of  this  Dictionary),  from  which  the  following 
uu!ts  are  collected : — 

'In  the  year  1660,  the  coal  produce  of  the  United  Kingdom  appears  to  have  been 
only  about  2,260,000  tons,  and  40  years  later  the  increase  was  onlv  364,000  tons. 
Piffy  years  after  this,  or  in  1750,  the  quantity  raised  in  the  kingdom  had  increased  to 
nearlv  5,000,000  tons.    In  1800,  the  quantity  exceeded  10,000,000  tons. 

'About  this  period  the  system  of  canal  navigation  was  rapidly  extending,  and  the* 
result  was  that  coals  were  gradually  finding  their  way  into  new  districts,  by  which 
means  the  consumption  of  coal  was  greatly  increased.  In  1816,  the  production  reached 
16,000,000  tons  according  to  one  statement,  and  27|000,000  as  given  with  considerable 
probability  by  another. 

'Advancing  to  a  later  period,  when  coal  statistics  were  more  carefully  collected,  it 
appears  that  in  1854  the  production  of  coal  was  64,500,000  tons. 

*  From  that  period  up  to,  and  including,  1869,  the  progressive  increase  was  exhibited 
in  a  Table  which  has  been  completed  up  to  the  present  time. 

*  From  the  following  Table  (p.  838)  it  will  be  seen  that  the  total  quantity  of  coal 
raised  in  this  country  had  reached  upwards  of  123,000,000  in  1872. 

'In  attempting  to  form  an  opinion  as  to  what  the  future  consumption  of  coal  is 
likely  to  be,  it  is  necessary  to  consider  the  question  which  was  referred  to  Committee 
B ;  namely,  "  Whether  there  is  reason  to  believe  that  coal  is  wasted  by  carelessness  or 
neglect  of  proper  appliances  for  its  economical  consumption  ?  **  The  conclusion  arrived 
at  by  this  Committee  was,  that  "for  some  time  past  in  our  manufactures  there  have 
been  constant  and  persevering  efforts  to  economise  coal,  by  the  application  of  im- 
proved appliances  for  its  consumption.''  The  Committee  had  reason  to  believe  that 
"  in  some  branches  of  manu&cture,  the  limits  of  a  beneficial  economy  appeared  to  have 
been  nearly  reached,  and  that  in  other  cases  a  gradual  e£fort  would  continue  to  be 
made  for  saving  fuel."  It  may  be  assumed,  therefore,  that  the  progress  of  economy  in 
using  coal  is  not  likely  to  operate  in  future  with  greater  eflbct  in  keeping  down  the 
increase  of  consumption  tk&a  it  has  hitherto  done. 

'  The  present  consumption  of  coal  for  domestic  use  is  generally  estimated  at  one 
ton  per  head  of  the  whole  population,  and  may  be  assumed  to  absorb  nearly  one  tlurd 
of  tne  entire  production.  It  is  probable  that  this  rate  per  head  will  continue  pretty 
constant;  because,  although  more  economical  methods  of  using  coal  in  dwdlings 
majr  probably  be  introduced,  yet  the  increasing  wealth  of  the  nation  will  cause  coal 
to  be  more  liberally  used  for  domestic  purposes.  The  ftiture  increase  of  consump- 
tion under  this  head  may,  therefore,  be  exacted  to  coincide  with  the  increase  of  the 
population. 

'  As  regards  the  future  exportation  of  coal,  although  a  very  large  increase  has 
taken  place  within  the  period  embraced  by  the  preceding  Table,  yet  there  is  reason  to 
doubt  whether  much  farther  increase  will  take  place  in  this  direction.  Upon  this 
point  Committee  E  have  reported  that  the  probable  development  of  the  enormous 
coal-fields  of  North  America,  and  those  of  India,  China,  Japan,  and  other  countries, 
and  the  more  effective  working  of  the  known  coal-fields  of  Enrope,  will  probably  pre- 
vent any  considerable  increase  in  the  future  esroortation  of  British  coal. 

'  The  large  increase  which,  in  recent  years,  has  taken  place  in  the  consumption  of 
coal,  has  an  intimate  connection  with  the  introduction  and  extension  of  the  railway 
system,  but  for  several  years  past  the  progress  of  railways  has  not  been  exceptionally 
great,  and  yet  the  consumption  of  coal  has  continued  to  increase  with  unabated 
rapidity.* 

'  Professor  Jevons,  in  a  work  "  On  the  Coal  Question,"  which  first  appeared  in  1865, 
and  which  was  in  a  gr^t  measure  founded  upon  a  previous  work  by  Mr.  Hull  on  the 
Coal-fields  of  Qreat  Britain,  estimated  that  the  rate  of  growth  at  that  period  in  the 
aggregate  annual  consumption  of  ooal  amounted  to  about  three  and  .a  half  per'cent. 
per  annum,  reckoning  each  annual  percentage  on  the"  previous  year's  consumption. 
He  contep4o4  tha^  ^pal,  being  tl^e  aouroe  of  power,  ai^d  re^uire4  for  evei^  great 
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extension  of  indnstr  j,  the  conBnmption  of  it  voiild  keep  pace  with  the  pcogtese  of 
population  and  industiy. 

*  He  Author  showed  that  a  oontinnanoe  of  the  same  progrees  in  population  and  pro- 
dnctiTe  industry  -would  lead  to  an  annual  oonsumplion  of  no  less  than  2,607,000,000 
tons  of  ooal  at  the  end  of  a  oentozy.  Upon  this  assumed  rate  of  increase,  Uie  whole 
qnantitjr  of  ooal  which  we  have  zeported  as  avaihible  in  this  coontiy  would  be  ez- 
hausted  in  110  years. 

'But  although  Mr.  Jevons's  theory  has,  up  to  this  Ume,  nearly  aeoorded  with 
observation,  yet  the  results  inyolved  m  the  supposition  that  the  annual  percentage  of 
increase  in  the  consumption  of  coal  will  continue  unabated  for  a  rezy  lengthened 
period  are  so  prodigious  that  vezy  few  persons  will  be  found  to  accept  his  theory 
without  considerable  qualifications. 

*It  had  been  su^ested  by  Mr.  Price  Williams,  who  gaye  great  attention  to 
questions  of  this  kino^  that  Mr.  Jevons's  conclusions  at  all  events  require  modifica- 
tion to  meet  the  fact,  that  although  the  population  of  this  kingdom  nas  long  been 
and  still  is  rapidly  increasing,  yet  Uie  rate  of  its  annual  growth  is  dinUnkkinff, 

*From  the  year  1811  to  1821,  the  increase  was  16  per  cent,  while  in  the  laat  decade, 
from  1861  to  1871,  it  was  11}  per  cent 

Mr.  Price  Williams  constructed  a  Table,  of  which  the  following  is  an  abstract, 
showing  how  the  Average  Dimnutum  of  the  Decennial  Bate  of  Inoreaee  of  the  Bopula- 
tian  is  obtained : — 


Year 

Fopniation  of 
Gnat  Britain 

Bate  oflnoreue 
per  10  years 

Dimlnntioa  of  Bate 
peroent 

1811 
1821 
1831 
1841 
1851 
1861 

1871 

12,838,678 
14,309,989 
lfi,457,696 
18,687.637 
20,976,632 
28,826,806 

26,062,721 

15-977 
16-008 
18-549 
12-249 
11-197 
11-736 

••• 

-  6*066 

-  9-721 

-  9-596 

-  8-688 
+  4-814 

-88*969 
+  4*814 

6)-29*166 

Averag) 

B  diminution  of  rate  foi 

•10  years  . 

-  6*831 

Computing,  from  this  and  another  Table  constructed  by  Mr.  Price  Williams,  the 
Commissioners  arrived  at  the  following  conduidons: — 

The  total  available  coal  in  the  United  Kingdom  was  estimated  at  146,480,000,000  of 
tons.  Then,  according  to  the  views  entertained,  the  annual  consumption  of  coal  at  the 
end  of  a  hundred  years  would  be  274,000,000  of  tons.  A  fiirther  conclusion  was  that, 
the  now  estimated  quantity  of  coal  available  for  use  would  upon  this  view  represent  a 
consumption  of  860  years. 

It  will  of  course  be  observed  that,  assuming  the  rate  of  increased  consumption  as 
above,  there  would  be  a  nearly  corresponding  increase  in  the  products  of  manu&o- 
turing  industry,  and  the  figures  representing  such  an  increase  would  raise  questions 
as  difficult  and  problematical  as  those  raised  by  the  assumption  of  a  population  of 
181,000,000  860  years  hence. 

The  Commission  then  give  a  calculation  founded  upon  arithmetical  instead  of 
geometrical  increase  in  the  rate  of  consumption  of  coal,  that  is  to  say : — ^they  discard 
tiie  principle  of  an  increase  in  the  nature  of  a  per-centage  on  the  previous  quantity, 
and  simply  add  a  constant  quantity  equal  to  the  average  annual  increase  of  the  last 
fourteen  years,  which  may  be  taken  at  3,000,000  of  tons. 

Upon  this  basis  we  arrive  at  the  following  results,  namely,  at  the  end  of  a 
hundred  years  the  consumption  would  be  416,000,000  of  tons  per  anntmi,  and  the 
now  estimated  quantity  of  coal  available  for  use  would  represent  a  consumption  of 
276  years. 

There  was  vet  another  view  considered.  It  was  that  the  population  of  the  whole 
country  and  tne  consumption  of  coal  per  head  remained  constant  or  merely  oscillated 
without  advancing.  Then  our  available  coal  would  represent  a  consumption  of 
upwards  of  1,278  years  at  the  rate  of  116,000,000  of  tons  per  annum. 

The  Commissioners  proceed  to  advert  to  the  large  amount  of  coal  exdnded  from 
our  previous  estimates  on  the  ground  of  ezoeseiye  d^pth.    The  quantity  of  ooal  lying 
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benoath  tlie  Fefmiaii  and  other  never  strata  at  depths  exceeding  4,000  feet  is  ooni- 
pnted  at  upwards  of  41,144,000,000,  as  appears  by  the  following  Table:— 


Estimate  of  Quantities  of  Coal  at  Depths  over  4,000  feet  beneath  the 
New  Sedf  and  other  Strata. 


Permian^ 


Pistriots 

Sqnare 
Mika 

From  4,000  to 
6,0001^ 

From  6,000  to 
10,000  ftet 

TtotallntOM 

Between  Oftimook  Ohaae,  Ooalbrook  Dale, 
and  the  North  StaiBoidflhixe  Coal-field, 
under  the  New  Bed  Marl,  Ac.,  of  Be- 
deahaU,  Stafford,  Breewood,  and  High 
Offley 

Sonthem  borders  of  the  North  Btafflord- 
shiie  Ooal-fleld 

PlAinR  of  Oheshiie,  between  the  Denbigh- 
ahixe  and  North  Staffordshire  Ooal-flelda 

Sonthem  borders  of  the  Lancaahire  Coal- 

and  Stockport 

The  WirreU,  Mers^,  and  coontxj  to  the 
north      •      • 

Total       .... 

113 

76 

840 

308 
108? 

tons 

8,846,083,400 
3,340,640,000 
11,850,496,000 

6,904,490,667 
1,600,000,000 

ioos 

11,860,496,000 
8,463,346,888 

III       |l 

848 

39,841,649,067 

15,803,741,888 

41,144,800,400  | 

Of  this  qnantity  it  will  be  seen  that  more  than  29,000,000,000  of  tons  are  aasnTned 
to  lie  at  depths  of  between  4,000  and  6,000  feet^  at  which  latter  depth  the  tempera- 
tore  of  the  earth,  it  is  snpposed,  would  be  150^  F.  The  remainder,  amounting 
to  more  than  16,000,000,000  of  tons,  is  assumed  to  lie  at  depths  vaiying  between 
6,000  and  10,000  feet,  at  which  maximum  depth  the  temperature  of  the  earth, 
according  to  the  prevailing  views,  would  be  215^  F.,  or  Uuree  degrees  above  the 
temperature  (^  boiling  water  at  the  sea  leveL  To  these  quantities  are  to  be  added 
7,320,000,000  of  tons  returned  as  being  at  greater  depths  than  4,000  feet  within  the 
area  of  the  known  coal-fields.  Of  this  quantity  probably  6,922,000,000  of  tons  lie 
between  the  limits  of  4,000  and  6,000  feet  in  depth,  and  the  remaining  1,397,000,000 
of  tons  between  6,000  and  10,000  feet 

With  these  additions  the  total  quantity  of  coal  lying  at  depths  exceeding  4,000  feet 
will  be  a  little  more  than  48,466,000,000  of  tons. 

It  is  entirely  a  matter  of  conjecture  whether  any  or  what  portion  of  this  ooal  can 
ever  be  worked ;  but  if  we  were  to  suppose  the  whole  to  become  available,  we  should 
have  to  make  the  following  corrections  in  the  number  of  years'  duration  given  above 
as  the  result  of  the  different  modes  of  viewing  the  question : — 

1st  The  360  years  would  be  altered  to  433  years. 

2nd.  The  276  years  based  on  an  increasing  consumption  in  arithmetical  ratio  would 
be  altered  to  324  years. 

3rd.  The  1,273  years  computed  on  the  supposition  of  non-increasing  consumption 
would  be  altered  to  1,696  years. 

Whatever  view  may  be  taken  of  the  question  of  duration  of  ooal,  the  results  will  be 
subject  to  contingencies,  which  cannot  in  any  degree  be  foreseen.  On  the  one  hand,  the 
rate  of  consumption  may  be  thrown  back  to  any  extent  by  adverse  causes  affecting 
our  national  prosperity;  and  on  the  other  hand,  new  discoveries  and  developments  in 
new  directions  may  arise  to  produce  a  contrary  efi^  upon  the  consumption  of  coaL 
Every  hypothesis  must  be  speculative,  but  it  is  certain  that  if  the  present  rate  of  in- 
crease in  the  consumption  of  coal  be  indefinitely  continued,  even  in  an  approximate 
degree,  the  progress  towards  the  exhaustion  of  our  coal  will  be  very  rapid. 

The  numbers  given  in  the  preceding  Table  (p.  838)  are  sufficientlv  consistent  with 
each  other  to  represent  the  chsjiges  which  have  taken  place  over  a  penod  of  years. 

We  find  the  following  differences  in  the  number  of  the  collieries  m  1868  and  1868 :~ 

1868  1868 

England 2,090  2,268 

Wales 860  364 

Scotland 417  433 

IieUad     «       .       .        .       .            40  40 


Total 


.       2,907  8,106 

The  increase  bdng  198  collieries  in  the  ten  years.    In  1872  the  number  of  collienes 
returned  were  3,001. 
With  the  yiew  of  showing  i^t  a  glance  the  eondition  of  onr  coal  trade,  the  pcodpc- 
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Tke/oliowinffLutofChUierieiofths  Untied  Kinffdtmia  eorrerimlfron  th$  Sekmu 
of  tie  Inepeotori  of  Coal  Mines,  np  to  February  1878. 


Diitriot 


Name  of  Ixwpeotor 


NQmbor 


Enqlakd  akd  Walbs. 
Nor^mnberlandatd  Durham,  North 

Diyifiion      •        .        •        • 
Cumberland  «       «       «       . 

Durham,  South  Diviaon . 


Yorkshire 


Derbyshire     « 
Nottinghamshire 
Warwickshire. 
Leicestershire 
Cheshire         • 


Oeo.  W.  Soathem,  New-  1 
castle-on-l^e      .       •  j 

James  Willis,  Old  Elvet, 

Durham 
F^rank 

ham 


North 

Staffordshire,  South,  and  Worcester- 
shire •       •        •       .       .        . 

lancashire,  North  and  East,  or  the 
Manchester  District    • 

Lancashire,  St.  Helen's  and  Wigan . 

Flintshire       ♦        .        .        .        • 

Denbighshire 

Angleeea 

Gloucestershire       .... 

Somezsetshire  and  Deronshire 

Monmouthshire      .... 

East  of  Glamozganshire  . 

Glamorganshire     «... 

Pembrokeshire       «... 

Caermarthenshire  •       «       .       « 


SOOTLAMD. 

Lanarkshire,  West  Diyision 
Ayr^ize         • 
Stirlingshire,  West  DiTision 
Dumbartondiire     •       • 
Henfrewshire  •        •       « 
Argyleshire    . 
Dumfriesshire 
Lanarkshire*  East  DiTision 
Fifeshire 

Clackmannanshire  . 
Haddingtonshire    • 
EincroM-shire 
Edinburg^hire 
Linlithgowshire 
Stirlingshire,  East  Diyision 
Pebblesshire  •       • 
Perthshire     «       « 


i  Willis,  Old  Elvet,  1 
rham  •  .  •  j 
cN.Wardell,  Bother-  \ 
ft     .       .       •       •  J 


Thomas  Eranq,  Belper 


Thomas  Wynne,  Stone 


James  P.  Baker,  Wdver- 

hampton 
Joseph  Dickinson, 

ton,  Manchester 


ker,  Wdver-  1 

•       •       •  J 

son,  Pendle-  \ 

wter    .       .  / 


Ulster  Ooal-ileld    • 
Connaug^t     «       « 
Leinster  Coal-field 
Mimeter  Coal-field 


Thomas  Bell,  LiTerpod 


Lionel    Brongh,    Clifton, 
Bristol. 


} 


Thomas  R  Wales,  Caer  \ 
Bailej,  Swansea  •       «  / 


WiIl]amAlexand«r,GlaflgQiw 


Balph  Moore,  Glat^gow     • 


:1 


No  Inspector    • 

Total  £ar  United  Kingdom 


210 

147 
481 

187 

212 

819 
826 

172 

215 
284 


217 


252 


20 


d,001 
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tioQ  in  the  United  Ejngdom,  since  1854  is  ^ren  in  the  following  Table,  with  the  rates 
of  ineNaee  and  decrease  in  each  year : — 


Yflin 

InciMBe 

DeoroMe 

Tona 

Tons 

TOOB 

1854 

64,661,401 

1855 

64,453,070 

••• 

208,822 

1856 

66,645,450 

2,192.371 

1857 

65,894,707 

••• 

.  1,250,748 

1858 

65,008,649 

... 

886,058 

1859 

71.979,765 

6.971.116 

1860 

84,042,698 

6,062,933 

1861 

86,039,214 

1,996,516 

1862 

81,638,338 

... 

4,400,876 

1863 

86,292,215 

4,653,877 

1864 

92,787,873 

6,495,658 

1865 

98,150,587 

5,362,714 

1866 

101,630,544 

3,479,957 

1867 

104,500,480 

2,869.936 

1868 

103,141,157 

... 

1.859,828 

1869 

107,427.557 

4,286,400 

1870 

110,289,722 

2.862,165 

1871 

117,352,028 

7,062,306 

1872 

123,386,785 

6.034,707 

The  increase  in  the  five  years  to  1859  was 
ft  M  ,»  1864  „ 

„  „  „  1869   „ 


7,818.364 
20,610,108 
14,639,684 


Or  we  have  an  increase  in  ten  ^ears,  that  is.  ftom  1859  to  1869.  of  86,447,793  tons. 

The  quantity  of  ooal  produced  m  the  years  1854  to  1869,  both  indnsive^  amounts  to 
1,348,793,705  tons,  which  added  to  the  quantity  estimated  as  having  been  produeed 
before  1859,  namely,  2.850,000,000  tons,  shows  that  up  to  the  end  of  last  year,  (1878) 
we  shall  hayie  drawn  from  our  original  stores  of  fhel  not  less  than  4)800,00(^000  ^ 
Umtqfcoal, 


FOBSION  COAL-TBLDS. 

We  have  not  vet  arrived  at  the  period  when  we  eould  ptonouiiee  with  any 
approaeh  to  certainty  on  the  actoal  number  of  ooal-baans  in  the  world ;  Uie  total 
number  must,  however,  amount  to  at  least  from  250  to  300  prineipal  eoal4leldb,  «id 
many  of  these  are  subdivided  by  the  disturbed  position  <^  the  strata  into  saboidinate 
basins. 

The  basins  or  coal  areas  may  be,  however,  grouped  into  a  comparatively  aaaU 
number  of  districts,  and  even  many  of  these  are  little  Known  and  not  at  all  measured. 
The  greater  number  occur  in  Western  Europe  and  Eastern  North  America,  while 
Gentml  and  Southern  Africa,  South  America,  and  a  laige  part  of  Asia,  are  almost 
without  any  trace  of  true  carboniferous  rocks. 

The  principal  coal-fields  of  Europe,  are  those  of  Belgium,  France,  Spain  (in  the 
Asturias),  Germany  (on  the  Ehur  and  the  Saar),  Bohemia,  Silesia,  and  Russia  (on  the 
Donets). 

Bkloiuic — ^The  Belgian  coal-field  is  the  most  important,  and  occupies  two  districts : 
that  of  li^e  and  that  of  Hainault,  the  former  containing  100,000  and  the  latter 
200,000  acres.  In  each  the  number  of  coal-seams  is  veiy  considerable,  but  the  beds 
are  thin  and  so  much  disturbed  as  to  require  special  modes  of  working.  The  quality 
of  coal  is  very  various,  including  one  peculiar  kind,  the  Flenu  coal,  unlike  any  found 
in  Great  Britain,  except  at  Swansea.  It  bums  rapidlv  with  much  flune  and  Bnoke. 
not  giving  out  an  intense  heat,  and  "having  a  somewhat  disagreeable  amidl.  Tliere 
are  nearly  fifty  seams  of  this  coal  in  the  Mons  district.  No  iron  has  been  fimad  with 
the  eoal  of  Belgium. 

Belgium  is  traversed,  in  a  direction  firom  nearly  west-eonth-west  to  eastrnoitb-east, 
by  a  large  sone  of  bituminous  coal-formation.  The  entire  region  is  generally  de- 
scribed under  two  principal  divisions  :— 
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1.  The  ireBtern  or  Hunault  division,  oomprising 

a.  The  two  basins  known  as  Lerant  and  Condiant  of  Mona. 
ThatofOharleroi. 

b.  The  basin  of  Namitr. 

2.  The  eastern  or  li^  diTision, 

The  QuamiUies  of  Cotd  ofdiffermt  QualiHes  raUed  in  Belgium^  frwn  1859  to  1860. 


l^Honille  lOign, 
LeanOoftL  Baxn- 
ingnearij  vitlKntt 


FlokedlMge 
Hedlmn    . 


2.— HooiBe  Btehe, 
Dry  Coal.  Short 
Flame* 

Large. 

BmaU.       .       . 

8.— HoniUd  Malgre, 

Lean  OoaL    Long 

Flame. 

Laigeorlliedlam 

M'^M^iqm  BmaU  . 

SmaU.       .       . 

i^— HocdUe  Orase, 

FM   OoaL     Long 

Flame. 

lAige.  • 

BmaUorOoke  . 

0^— HooiUe  OnMBe 
ICartohaleJSmithi' 
CoaL 

Large. 

Small  or  Ooke  . 


1859 


Tons 


8,899 
877,728 
92,9M 


120,489 
888,218 


184,100 

827,927 

1,877,117 


298,488 
8,817,818 


44,184 
1,806,072 


18C0 


Tons 


2,068 
624,581 
48,897 


180,944 
627,849 


1861 


Tons 


8,841 
684,088 
26,121 


149,904 
682,147 


197,607      82,188 

884,812     248,979 

1,240,220  1,684,979 


884,097 
8,886^ 


48382 
1,978,094 


812,808 
4,014,090 


40,168 
1,984,977 


1862 


Tons 


6,260 
684,740 
88,881 


170,982 


68,818 

206,180 

1,468,288 


887,690 
8,918,308 


48,812 
2,164,605 


1868 


Tons 


8,244 
682,272 
87,888 


169,847 
688,099 


86,964 

207,078 

1,608,847 


482,612 


41,829 


2,269,204  2^486,885 


1864 


Tons 


1,684 
697,585 
86,245 


178,789 
707,098 


48,242 

202,502 

1,804,884 


484,012 


8,992,869  4,821,210  4,404,8» 


89,709 


1865 


Tons 


2,058 
806.194 
89,878 


211,258 
726,461 


69,628 

186/)96 

1,946,624 


545,929 


60,568 
2,649,978 


1868 


Tons 


51,887 
721,426 
165,447 


165,888 
618,268 


48,709 

186,226 

2440,696 


489,244 
4,289,865 


48,806 
8,611,288 


*  Tlie  Goal  of  Belgium  is  dlyided  oommeroIaUy  into  the  following  iiaaUtks :— Jfotor^  Lean  Goal  \ 
Aal«,  D17  Goal ;  encl  GrMw,FM  OoaL   Theie  Idnds  axe  again  dtrlded  Into  Aioi^  pklDBd  laige  ooal ; 


fbirf  VmoHtf  the  remainder  after 
^rfliiCte,  smaller  than  the  6'roi,  but  not  1 
asierewlCh  l^-inoh meshes;  Gaakttmie, 
and  JfoMk 


after  the  eeleotion  of  the  Orot,  equivalent  to*  throiu^  and  thsoDgh'ooal; 
ro^ but  not  leis  than  six  inches  eqnara;  JfeNf,oouwhloh  pasBM  thioogb 
;  OMAMsf^,  the  ooal  which  remains  after  the  Mpanitloa  of  the  OMtetf 


NBTHBBLiLiaM.— There  is  only  one  coal-mine  in  Holland.  It  if  litaated  in  the 
province  of  Limbnzg. 

Fbancs.— The  most  important  coal-fields  of  Fiance  are  those  of  the  basin  of  Ldro 
and  those  of  St-Etienne,  which  are  the  best  known  and  largest,  comprising  abont  60,000 
acres.  In  this  basin  are  eighteen  beds  of  bitominoos  coal,  and  in  the  immecUate 
ndghbonrhood  seyeral  smaller  basins  containing  anthracite.  Other  valnable  localities 
are  in  Alsace,  several  in  Bnignndy  worked  by  rezy  deep  pits,  and  of  considerable 
extent ;  some  in  Anveigne  wiUi  coal  of  varioas  qualities ;  some  in  Langaedoc  and 
ProTonce  with  good  coal;  others  at  Ayeyron;  others  at  limosin;  and  some  in 
Normandy.  Besides  these,  there  are  seyeial  others  of  smaller  dimensions  and  less 
extent,  wnose  resources  haye  not  yet  been  developed.  The  total  area  of  coal  in  France 
has  not  been  ascertained,  but  is  probably  not  less  than  2,000  square  miles.  The 
annual  production  in  1865,  exceeded  11,000,000  tons.  But  the  coal  of  France  is  of 
an  inf enor  description ;  and,  therefore,  when  good  and  strong  coals  are  required,  the 
supply  is  obtained  from  the  English  coal-fields.  The  mineral  combustibles  of  Franco 
were  estimated  in  1864  by  the  Government  engineers  as  follow : — 

Tons 

Anthracites 800,000 

Hard  coal— short  fiame 1,400,000 

Forging  coal 600,000 

Bitmninous  coal — ^long  flame 4,000,000 

Soft  coal— long  fiame .        .......    3,000,000 

lignites 200,000 

Total  .        .        .        ,  10,000,000 
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ThtSaUtif£icrt(ueintiePndueti<mtifCi)al  /romtUFrenek(h<il-fitU*ia*  b»m  a$ 
fottom,  to  the  md  of  1867 :— 


YeBif 

Inozeue 

DecTMse 

f 

Tom 

Ttoi 

TODI 

TODB 

1847 

6,066,109 

1.047.234 

6,061,183 

1848 

4.017.876 

••• 

40.631 

8,928.996 

1849 

8.977,844 

••• 

... 

3.976,910 

1860 

4.364,840 

877.496 

... 

4.364,396 

1861 

4,404,941 

60,101 

••• 

4,404,943 

1862 

4,816,306 

411,366 

••• 

4.816.365 

1868 

6,831,939 

1.016,633 

••• 

1864 

6,709,636 

877.696 

••• 

1866 

7,317.226 

607,691 

... 

1866 

7,784,166 

466.939 

28,178 

The  details  of  the  return  for 

1867 

7,766,987 

••• 

634,720 

1862  being- 

1868 

7.221,267 

••• 

... 

Loire   .       .        .  1.609,912 

1869 

7.387.326 

116,069 

... 

Nord    .        •        .  1,063,687 

1860 

8,166,394 

818,068 

... 

SoAne-et-Loize      .     618,629 

1861 

9.126,040 

969,646 

... 

Gaid    .        .        .     879,114 

1862 

10,102,116 

977.076 

... 

Allier  .        .        •     261.892 

1868 

10,618,406 

416,290 

... 

Avevron       •        .      179,660 
Saithe-et-Harenne     111,442 
Bonches  du  Bh6ne     103,616 

1864 

11,046,794 

628,388 

... 

1866 

11.098,268 

61.464 

... 

1866 

11.786,714 

687.466 

•tt 

1867 

12.148.223 

372,609 

... 

The  following  Table  -will  place  the  whole  question  of  the  ooal  consumption  in  Franco 
in  a  more  satisfactory  light  :— 

ProduoHan,  InMoriatian,  and  Conmn^um  of  Coal  qf  all  kmU  in  France  from 

1787  to  1866. 


Yean 

of  Coal 
inPranoe 
iInoel787 

QwuiiitlM  of  Goal  Imported  into  Fnaoe  from 

BelglmD^ 

Pnuda 

and 
BaTariA- 

Oraat 
Britain 

TdM 
ImportB 

Diflarenoe 

beUreen 

Imports 

and 

BzportB* 

TUal 

Oonramp. 

tionin 

Fiwnoe 

1787 
1788 
1789 
1803 
1811 
1816 
1831 
1836 
1881 
1886 
1841 
1846 
1891 
1856 
1861 
1863 
1868 
1864 
1866 
1866 

tona 
-"'80 
63 

14 

06 

78 

38 

48 

83^ 

60 

68 

08 

83 

40 

41 

10 

48 

63 

49 

14 

43 

5 

1 

tona 
154,568 
181,474 
176,786 
9,821 

18>19 

36,041 

86,287 

85^0 

166^483 

433,373 

600,884 

591,877 

1,088.606 

1^18,828 

1,879,883 

1,378,446 

1^68,061 

1.674.164 

tona 

918,498 

944,163 

985,7U 

118,937 

117,866 

814,898 

815,169 

496,9tt 

588,589 

961^438 

1,589,779 

9.150306 

3,874,068 

4  971,894 

8.175487 

6,106,688 

6,058,887 

6,468,888 

7,780.848 

1 
5 
5 

5 

i 

*  From  Mons,  Charleroi,  Kamnr,  Ll^,  fto. 

'  From  Saarbrllck  and  Bt.-Imbert,  Pmaria,  and  TMi«»f^<#h  Bayaria. 

•This  Table  has  been  compiled  from  the '  Statistiqne  de  llndnsMe  ICInteale.' vliUli  it  ined  in 
Fhmte  about  erery  fl-ve  years  by  the  Minister  of  Agriooltnre,  Oommeroe,  and  PnbUo  WoHeb,  bat  baa 
not  appeared  since  1867,  and  then  the  returns  were  to  the  end  of  1864  o^. 

The  metrical  quintal  of  the  ociginsl  tables  is  taken  at  990  lbs.  aTotrdopois,  wd  tbe  Bnglbii  too  ai 
9.940  lbs,  ^ 
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Coal  FsoDVcnoM  ur  cbbtadi  Dbfastkekts  of  Fbamcb  fob  Fivb  Ybabs. 
VAvtynm  (en  gtrintetur  laibri^aa). 


Places 

1868 

1869 

1870 

1871 

1872 

q.m. 

q.m. 

q.m. 

q.m. 

q.m. 

BbbbuI  Ci  AqUb 

/^MxueriOe: 

Laoase    

146,388 

198,849 

1,106,830 

498,183 

8,154,941 

Pinny 

637,025 

777,660 

608,487 

596,746 

606,692 

SeitMia    •       .       .       .       . 

1,400,188 

1,869,770 

1,268,816 

096,264 

withLncMSc 

Lanale 

LeaPtaanla  .      .      .      . 

374,669 

862,791 

^thLacaao 

996,264 

ditto 

91,490 

87,980 

50,650 

81,200 

92,714 

Combes  •      .      .       .      . 

570,450 

657,000 

558,350 

497,440 

477,810 

Cransao  '      .       .       .       . 

M99,390 

1,096,650 

1,135,160 

1,224,640 

1,123.115 

Oampagnao    *       .       *       • 

^,834 

548.010 

564,646 

587,093 

728,7:» 

Bnlhe 

385,477 

336,478 

1494M 

117,480 

I24,08i 

Latapte 

BooquMs 

N^giln 

Anxite 

Baarin  de  Bhodes 

186,018 

183,805 

143,891 

119^64 

188,129 

BaasiiideMOhan     .       .       . 

43,417 

89,016 

84,784 

44,863 

44,863 

TMal     •       .       . 

5,385,076 

5,963,959 

5,699,269 

5,759,584 

6,486,078 

8a&nit'€t-Lovre» 


Blflmqr  . 
Montdhaidn 


Saint-Btoain  . 
Oreiuot  • 


Orand-Holoy  • 

fbcges    •      •      •      •      . 

Ohape]l»40iis-Ihm 

Saii^Laimnte  en  Brionnals 

Ghambols      •      •       .       • 


1868 


4,UM 


m. 

t,401'75 

808,167-60 

S76459K)8 

18,713iK> 

807,458-65 

3,865,140-81 

1,496,946*85 

389,087*50 

6,480*40 


1869 


q.m. 
5,008,884*65 
728,097*25 
398,318*70 

365,718*40 
3,386,842*66 
1,861,885*35 


384^408*80 


1870 


.m. 
,  .  1*38 
696477*35 
380,399*85 

318,387*50 
1,807,681*71 
1,898,943*80 


10,664*10 
178,046 
80^488 


1871 


q.m. 
4,684,148*96 
798,619*15 
354,530 

189,390*75 
1,759,387*01 
1,101,585*40 


34,300*88 
143,749 


Total 9,8S8,501'51    10,878,447'44    9,387,868*94  8,914,778*63 


Lea  qoanftitte  aont  exprimfiee  en  qnintanz  mdtriqtMS  k  ralson  da  85  klL  par  baotoUtccs. 


Plaoei 


1868 


1869 


1870 


1871 


1873 


OommentiT 
ICanrfs     . 


Doyet  . 
Msntrioq . 
Oodbs-Beaenet . 
Ctebelien.  . 
Noyant  . 
Bnzldra  . 
OonroUe  . 
Plamoret  . 
8t..H0airB 
Bsrt  .       .       . 


q.m. 

8,490 

531,069 

5,780 

318,411 

110,763 

88,861 

37,580 

5,345 


8,915 
10,904 
85460 


q.m. 

15,800 

686461 

9,050 

343,600 

86,700 

85,760 

80480 

6,880 


13,080 
101,84 
84,800 


q.m. 
16,380 
443,730 
9,600 
168468 
95,968 
86,800 
8,836 


4,968 
4435 
9480 
10,847 
80,200 


q.m. 

16,646 

890,807 

8,567 

167,893 

85,756 

35,813 


4450 
4480 
8,750 
8483 
34473 


q.m. 

38436 

525,386 

6450 

310430 

100400 

51433 


6414 
4458. 
10435 
10403 
34480 


Dt  la  FrodueHon  de  la  HouCle  dans  ls$  IMs  IMpartemenU  du  Pt^'de'DSme,  de  la 
Haute'Lairet  et  du  Oxntal. 


Flaoes 

1868 

1869 

1870 

1871 

1873 

Pny-de^BOme! 
Ba88inde8aint.Sloy    .       . 
„        ansla    .       .       • 
„        Bnasa    • 
Haato.Loire: 

BasBindaLangese. 
Cantal: 
Boasin  de  Campagnao  .       • 

q.m. 

863485 

34400 

1,753,683 

89471 

15,738 

q.m. 

1,048445 

314O6 

3485499 

64480 

11,703 

q.  nu 

1400443 

34444 

1466469 

80,733 

74tt 

q.m. 

1404458 

36468 

1.777463 

93481 

T464 

q.m, 

I41248I 

36,686 

1438419 

67450 

16486 
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Creuse. 

1868  1869  1870 

kilog.  kilog.  kOog. 

167,079,872      167,666,740    189,170,295 

Dipartemmt  de  la  Mayenne, 


1871  1871 

Ukff.  kilog. 

198,870,755    275,78C,693 


Flaoes 

1868 

1869 

1870 

1871 

1872 

CJottl: 

Bt-FtorralaOour .      .      . 
Anthndte: 

GanestaiaUlo.).       .       . 

Baoonntoe  (97  kUo.)     . 

Hontignd  (100  Idlo.)      .       . 

Hniflserle  (110  kilo.)      .       . 

Basonge  (113  kilo.)       .       . 

hectol. 
poidsOOkHo. 

142,977 

6,808 

95,807 

217,827 

207^88 

197,720 

hectoL 

121^ 

48,070 
46,348 
224,699 
244,270 
195^88 

hectoL 

185,149 

44,506 

284',812 
212,644 
189,617 

heotoL 

180,868 

29,152 

127^11 
148,612 
100,958 

iiecfeoL 

114^85 

^  69,969 

227*421 
185,820 
170491 

Dkpartement  du  Gard. 


Places 

1868 

1809 

1870 

1871 

1872 

Bassind'Alais.  .  .  . 
Trereaet: 

HovOUattpiU.  .  .  . 
BasslndaOelasetd'irns: 

Li^nUe 

q.  m. 
12,826,018 

16,206 

196,088,75 

q.jn. 
13,665,02 

12,629 

198,069,82 

18%4,091 

12,122 

200,98444 

q.  m. 
18,550,211 

19,648 

212400,75 

14400 
286,00040 

Conceations  dheraes  du  aoua-arrondissement  de  MarteiUe, 

1868  197,000     I        1871  270,000 

1860  242,000  1872  850,000 

1870  250,000     I 

Bassm  de  la  Loire. 


PlAoes 

1868 

1869 

1870 

1871 

1872 

Saint-Btienne  .... 
DelaLoire       .       .       .       . 

Roche  kbMoIi^etFlrminy  . 

Beaohnm 

(}haiotte 

LeOoe 

Kontieaz 

Diverts  Jiiiu4  .       .       .       . 

BasslndeSaiiit-Ktienno  . 

lUTe-de-Gier    .... 

DiMTSU  Mimes  .... 

BaiBlndeBiTe-de-aier  .      . 

Total  da  BMBlndeU  Loin    . 

tonnes 
529,220 
832454 
876,949 
461466 
268,940 
245418 
66491 
109461 
867446 

tonnes 
527,105 
804,918 
824414 
418.197 
280488 
284,759 
75,718 
90465 
801,189 

tonnes 
562,037 
810454 
876475 
494,926 
811,994 
258411 
89,247 
95,149 
287,001 

tonnes 
492404 
288,699 
881,684 
478424 
294428 
256,420 
85,807 
86458 
263475 

tonnes 
525488 
850452 
455450 
481480 
396,086 
287420 
114,440 
125,482 
291465 

2,758,745 

2457,248 

2,796,094 

2417499 

2,918,748 

827417 
112,608 
174490 

266,649 
99,724 
147474 

283425 

96,045 

172,788 

269,067 

91,000 

158462 

252485 
100466 
207,029 

614415 

518,947 

555,158 

518429    1   570,000(7) 

8472,160 

3,071,195 

8447457 

8,186428    ,8488,748(?) 

Under  diven  mines  those  ara  inolndod  which  prodnoe  less  than  100,000  toiMM. 


Concession  dee  Touches  (suite  de  la  Loire-h\fifiewre). 


1868 
1869 
1870 


q.  m. 
26478 
5487 
84U 


1871 
1872 


2.in. 
460 
84428 


Mines  qf  Anthracite,  DcpartemetU  de  la  Sarthe, 
Hectolitns  poids  moyenBloO  kilo. 


Places 

1808 

1869 

1870 

1871 

1872 

Mine  de  MAQperttds       .      . 
„      Baohieries.       .       . 

Totd       .      .      . 

hoctol. 
179,738 
14,926 

hectol. 
167,340 
83,093 

hectol. 
146,829 
224O8 

hoctoL 

146,175 

1,002 

bectoL 
170445 
40,791 

194,659 

251,338 

169482 

1474n 

211,180 
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Places 

1868 

1869 

1870 

1871 

1872 

Kort 

Fi»a».Oalais  ^     .       .       . 

TbUl     . 

tOIl]168 

820411)8.  lOos. 
2,402,000 
1,750,000 

tonnes 

2,600,000 
1,988,000 

tonnes 

2,728,000 
2,114,000 

tonnes 

2,756,000 
2,204,000 

tonnes 

8,282,000 
2,710,000 

4,152,000 

4,533,000 

4,872,000 

4,960,000 

5,992,000 

lAgnUe  du  aoHs-arrondissemeni  miniralogique  d^ Avignon, 


Places 

1868 

1869 

1870 

1871 

1872 

Vanclnse'.      .       .       ..      . 

Drtaie 

48.410 
14,259 

99,211 
47,400 
11,820 

q.m. 
107,055 
40,897 
14,519 

q.m. 

119,925 

44,409 

ll/KN) 

q.m. 

221,140 

46,580 

16,263 

Coal  and  lAgniU,  VHeratdt  et  FAude, 

Places 

1868 

1869 

1870 

1871 

1872 

Hdmnlteoal    .      . 

•      • 

177,649 

8,575 

726 

q.m. 

190,499 

3,167 

973 

q.  m. 

185,041 

8,681 

716 

q.m. 

173,459 

4,132 

845 

q.m. 
21*0,000 
4,160 
709 

SpAtN. — Spain  contains  a  large  quantity  of  coal,  both  bituminous  and  anthracite. 
The  richest  beds  are  in  Asturias,  and  the  measures  are  so  broken  and  altered  as  to  bo 
wod»d  hy  almost  vertical  shafts  through  the  beds  themselyes.  In  one  place  upwards 
of  11  distinct  seams  have  been  worked,  the  thickest  of  whidi  is  onl^  14  feet.  The 
exact  area  is  not  known,  but  it  has  been  estimated  by  a  French  engineer  that  about 
12,000,000  of  tons  mifjtit  be  readily  extracted  from  one  property,  without  touching 
the  portion  existing  at  great  depths.  In  sereral  parts  of  the  province  the  coal  is  now 
worked,  and  the  measures  seem  to  resemble  those  of  the  coal  districts  generally.  The 
whole  coal  area  is  said  to  be  the  largest  in  Europe,  presenting  upwards  of  100  workable 
seams,  varying  from  8  to  12  feet  in  thickness. 

The  Asturias  Mining  Company  are  working  many  mines  in  this  region,  and  they 
are  said  to  produce  400,000  tons  annuaUy,  or  to  bo  capable  of  doing  so.  In  OEtta-* 
Ionia  and  in  the  Basque  Provinces  of  Biscay  there  are  found  anthracite  and  bituminous 
cods. 

In  the  Balearic  Islands  also  coal  exists. 

FoBTUOAi.. — ^Beds  of  lignite  and  some  anthracite  are  known  to  exist,  but  the  pro* 
duction  of  either  is  small. 

Italt. — ^The  princi^  coal-mines  of  Italy  are  in  Savoy  and  near  Genoa.  In  the 
Apennines  some  coal  is  found,  and  in  the  valley  of  the  Po  are  large  deposits  of  good 
lignite ;  and  a  small  quantity  of  ffood  coal  is  worked  in  Sardinia. 

SwiTEBBLAifD. — Goal  has  only  been  found  in  the  cantons  of  Berne,  Fribonrg,  and 
the  Valais.    Beds  of  anthracite  ooal  are  developed  in  the  Central  and  Western  Alps. 

GsBicAinr. — ^The  Germanic  Union^the  Zollverein^embxaoes  tho  following  prin- 
cipnl  coal-beds : — 

{Sazonv. 
Bavaiia. 
Buchy  of  Hesse. 

{The  Buhr,  in  Westphalia. 
Silesia. 
Saarbrnck,  and  provinces  of  the  Bas  Hhin. 

The  true  coal  of  Pmssian  ffilesia  stretches  for  a  distance  of  seventeen  leagues.  Tho 
most  recent  infbnuation  we  have  been  able  to  obtain  as  to  its  production  would  appear 
to  give  above  850,000  English  tons.  The  coal-flelds  of  WMtohalia  were  descnbed 
by  Sedffwick  and  Murehison  in  1840.  The  productive  coal-beds  are  on  the  right 
bank  of  the  Bhine,  and  possess  many  features  in  common  with  the  English  coal-fleMs. 
Bituminous  ooal,  and  lignite  or  brown  coal  occur  extensively  in  some  districts. 
The  oool-basm  of  SaarbrQck,  a  Bhenish  province  belonging  to  Prussia,  has  thus 
been  described  by  Humboldt,  chiefly  from  a  communication  xeoeived  tiom  M.  Von 
Deehen:— 
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*  The  depth  of  the  coal-measures  at  Mont  St.-Gilles,  lAigb,  I  bare  estimated  at  3,650 
feet  below  the  surface,  and  3,250  feet  below  the  sea  lereL  The  ooal-basin  at  Hods 
lies  folly  1,750  feet  deeper.  These  depressions,  howerer,  are  trifling  when  compared 
with  that  of  the  coal-strata  of  the  Saar  rirers  (SaarbrfickV  After  repeated  trials,  I 
have  found  that  the  lowest  strata  known  in  the  ooonty  of  Dnttweiler,  near  Bettingen» 
north-eastward  from  Saarioois,  dip  19,406  ftet,  and  2^0,656  mider  the  lerel  of  the  sea.** 

The  coal  of  the  ifollw  of  the  CHane  is  bitominons,  and  of  good  qnalitj ;  it  is  pro* 
curable  at  a  depth  of  112  feet,  and  the  seam  is  about  two  feet  in  thi<»>ess:  about 
50,000  tons  annually  are  produced  from  this  valley.  Goal  is  found  in  Wnrtemberg, 
but  not  much  worked.  In  Saxony  are  ezteudye  mines  of  bituminous  cool ;  at  Schon- 
field,  near  Zwickau,  the  coal  alternates  with  porphyry.  Near  Dresden  a  bituminous 
coal  is  also  worked,  and  the  coke  manufitetured  from  it  is  used  in  the  metallurgical 
works  at  Freiberg. 

Electoral  Hesse  produces  little  b^nd  lignite.  In  Hesse  Gassel  some  bituminous 
coal  is  worked,  but  to  a  Terr  inconsiderable  extent.  Beal  stone  coal  is  only  as  yet 
produced  in  the  county  of  Schaumburg.    It  is  rich  in  beds  of  brown  ooaL 

In  the  Thmrinfftrwald  or  Thuringian  forest  some  coal  is  produced. 

The  following  is  a  list  of  the  coal-basins  of  Qeimany  aiMl  Austria,  and  their  ritoa* 
tions : — 

1.  Bassin  de  la  Worm,  or  de  Kohl-^ 

Schneider.  I  Both  situated  on  the  lengthening  of  the 

3.  Bassin   de  Vlnde,   or  d'Esch-  f    Belgian  circle,  near  the  Bassin  de  Li^ge» 

weiler.  J 

3.  Bassin  da  Saarbrilck. 

4.  Bassin  de  la  For^t-Noire.    In  the  Grand-Duchy  of  Baden* 

5.  Bassin  de  la  Westphalia  or  de  la  Buhr. 

6.  Le  Bassin  dlbbenburen. 

7.  Bassin  de  Piesberg.    Near  Osnabrnck. 

8.  Bassin  d'Dlefeld.    To  the  south  of  the  Harts. 

jQ*  j  Les  Bassins  de  Wettin,  Lobejun,  and  Plots* 

11.  Thuringerwald.    Near  Manebadu 

12.  Oelberg.    NearHmenau. 

13.  Mordflech*    Near  Goldlauter. 

14.  De  Crock.  "1 

15.  Stockeim  et  Nei^us.  >  In  the  Upper  PfiJs  of  BaYaria» 

16.  Erbendorf.  J 

17.  Bassin  de  Zwiekau-Ohemnits.    In  Saxony. 

18.  Bassin  de  Flohaer. 

19.  Bassin  de  Plauen.    Near  Dresden. 

20.  Schonfield.    Near  Altenbuig. 

21.  Brandau.    In  Bohemia. 

22.  Bassin  de  Radmits.    In  Bohemia. 

23.  Bassin  de  Blsen. 

24.  Bassin  de  Schlau-Bakonits. 

25.  Bassin  de  la  Basse  Sil^ie.    In  Bohemia. 

26.  Bassin  de  la  Haute  SiUsie.    FM;ly  in  Brossia  and  partly  in  AnstriSr 

27.  Bassin  de  Mahr-Ostrau. 

28.  Bassin  de  Bossits.    In  Moravia. 

The  coal-pits  of  the  most  importance  are  in  the  Rhenish  pforrinees  and  Westphalia^ 
in  the  western  parts  of  J^russia,  as  well  as  in  the  province  of  Silesia.  Among  the  coal- 
basins  there  are  three  of  importance :  these  are  the  barins  of  Upper  SUesia,  of  the 
Ruhr,  and  the  Saar.  Two  other  basins,  near  Waldenburg,  in  Lower  Silesia,  and  near 
Aix-la-Ghapelle,  in  the  Rhenish  province,  are  less  considerable.  The  basins  of  Wellin 
and  Lobejun  in  the  province  of  Saxony,  and  of  Ibbenbiiren  in  the  northern  part  of 
Westphalia,  are  of  less  extent  There  is  also  some  coal  mining,  but  inoonsidezable, 
near  Minden,  on  the  Weser  (in  Weald  daj),  and  near  Lowenbuig  in  Silesia. 

The  brown  coal  of  most  importance  is  found  in  the  eastern  part  of  the  country ; 
that  is,  in  the  provinces  of  Saxony  and  Brandenburg.  There  this  Ognite  is  exceedin^y 
useful,  as  coals  are  excessively  dear,  owing  to  the  cost  of  transporting  them  so  great  a 
distance. 

The  coal-pits  of  the  river  Ruhr  extend  over  ten  miles  in  length  on  the  Lower  Rhine. 
This  country  supplies  almost  half  of  the  coal  produce,  and  it  sends  supplies  to  Alsatia 
and  Switserland,  to  Bavaria  and  Thuringia,  to  Berlin  and  the  seaports  of  the 
Hanseatic  Towns,  as  well  as  to  Holland. 


Digitized  by  VjOOQIC 


COAL 


849 


The  folloviog,  from  an  article  on  *  Westphalia  and  the  Bohr  Basin/  by  Mr.  T.  K 
Glifife  Leslie,  contains  most  yalnable  information : — * 

*  Twentj  years  ago  the  Bohr  Basin  was  nowhere  in  the  industrial  race ;  now  it  pro* 
duces  nearly  half  as  much  coal  as  the  great  northern  coal-field  of  England.  Twenty 
years  ago  it  had  only  just  completed  a  single  line  of  railway ;  now  the  basin  is  a 
network  of  branches,  connecting  not  only  the  towns,  but  the  pnndpal  manufactories 
and  collieries  with  the  three  main  lines  which  traverse  it.  The  following  figures 
show  the  rate  at  which  the  production  of  coal  has  advanced : — 


Date 

BngUshtons* 

Dftte 

BngUthton^ 

1851 

1,771.454 

1860 

4,276,254 

1852 

1,921,962 

1861 

4,964,621 

1863 

2,146,275 

1862 

5,701,201 

1854 

2,670,099 

1863 

6,300,981 

1855 

3,252,323 

1864 

8,146,433 

1856 

8,510,502 

1865 

9,276,685 

1857 

3,635,256 

1866 

9,829,503 

1858 

3,898,502 

1867 

10,526,015 

1859 

3,793,356 

'  The  immense  increase  of  production  shown  in  these  figures  is  mainly  attributable 
to  the  introduction  of  railways  and  the  low  charge  for  the  carriage  of  ooaL  Down  to 
1851  the  Buhr  and  the  Bhine  were  the  only  means  of  transport  in  districts  beyond 
the  immediate  neighbourhood  of  the  coUieriee,  and  the  greater  part  of  the  coal  was  of 
an  inferior  kind,  raised  where  it  came  to  tlie  sur&ce  by  small  ooUieries  along  the 
Buhr.  In  1851  the  Cologne-Minden  Bailway  came  into  use  for  the  transport  of  coal, 
and  led  not  only  to  deep-pit-sinking,  and  the  discoyery  of  seams  of  superior  coal  in 
other  parts  of  tne  basin,  but  also  to  the  establishment  of  ironworks  and  other  manu- 
factures, aflbrding  a  local  market  for  the  coaL  To  this  local  market,  down  to  1859, 
it  was  in  a  great  measure  confined.  In  that  year  the  charge  for  railway  carriage  of 
coal  for  long  distances  was  reduced  to  ouq  pfennig  per  oeuiner  (a  fifth  of  a  farthing 
per  100  lbs.)  per  Ctorman  mile,'  and  the  above  figures  show  the  subsequent  increase  <$ 
production.  The  railways  and  coal-mines  render  each  other  redprooed  service;  the 
earriaffe  of  Westphalian  coal  is  now  one  of  the  most  important  branches  of  traffic  on 
sevenu  of  the  chief  Prussian  lines,  and  the  low  rates  at  which  it  is  carried  enable  it 
to  find  a  distant  market.  The  projected  reduction  of  the  rate  for  the  transport  of  iron 
ore  to  the  same  tariff  as  that  for  coiu,  when  carried  into  dSect,  will  greatiy  augment  the 
market  for  coal  as  well  as  for  manufacture  of  iron.  Until  the  last  few  years  the 
Buhr  Basin  excelled  only  in  the  manu&ctore  of  steel ;  but  its  iron  manufactures  are 
now  of  the  highest  quality.' 

The  Wes^haUan  coal-field  is  stated  to  be  at  least  400  square  miles  in  extent 
The  number  of  workable  seams  are  from  60  to  80,  and  the  average  thickness 
of  coal  is  about  200  feet  The  coal  is  of  good  quality,  as  the  analysis  of  Essen  coal 
shows  >^ 

Carbon  88*08,  hydrogen  5*00,  nitrogen  1*39,  oxygen  3*12»  sulphur  1^6,  ashes  1*35  •  100. 

Mr.  Consuls-General  J.  A.  Crowe,  in  his  *  Beport  on  the  Trade  of  the  Bhemsh 
Provinces  and  Westphalia,'  gives  the  following : — 

The  coal-fields  of  the  Buhr  extend  over  a  surflMe  of  116  square  miles,  and  are 
supposed  to  contain  40,000,000,000  tons  of  fuel.  They  are  comprised  chiefiy  in  the 
Government  districts  of  Duisburg,  Essen,  Boohum,  Dortmund^  and  Hamm.  The 
rapid  increase  of  their  production  may  be  seen  by  a  glance  at  the  foUoving  Table : — 

BritUhTonfl 

1856 3,252,223 

1866 3,610,601 

1867 3,636,266 

1868 3,898,602 


'  Fbrtnightty  Bertow.  No.  ZZVn.   llaxoh  1, 18«9. 

"  The  FroflrianTVmM  18  a  mflMare(tfoapMfttj,axidT«tlM  therefore  inweight  18  spplled  to  difE^^ 
Mtlcles— coal  and  iron,  for  example.  Theqnantity  of  ooel  in  a  Tomu  is abont  one-fifth  of  an  BogUah 
ton.   In8omeoftherq)ort8in  fiiglldibliie-l)0ok8the2lmnci8tnffidAted*t(m,'wfai6^ 
readere. 

>  The  Oerman  mile  is  abont  42  BngUibmUeB, 
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1859 
1860 
1861 
1862 
1868 
1864 
1865 
1866 


BritUhtonf 
3,793,355 

4,276,253.  Increase  mnoe  1855  1,024,030  tooB. 
4,964,621 
5,701,201 
6,300,318 
7,474,985 

8,635,614.  Increase  nnce  1860  4,259,361  tons. 
8,583,362 


The  Working  of  the  Soyal  Mines  of  the  Coal-Basin  qf  Saarbruek, 


Yean 

Total  Qnantitr 
produced 

Qoantlty 
sold 

Value  of  Sales  in  Franos 

Pnmia 

ZollTetein 

BwttMrlsnd 

nranoe 

1863 
1864 
1865 
1866 

2,1^879 
2,551,129 
2,821,695 
2,951,034 

tons 
1,944,884 
2,307,257 
2,490,418 
2,612,828 

494.421 
676,078 
703,776 
682,185 

445,270 
574.596 
574,371 
637,361 

78,966 
116,278 
126,709 
119,030 

961,589 
1,082,256 
1,131,843 
1,821,254 

H.  VaiUemin  gives  the  following  as  the  result  of  the  vorkmgs  for  four  years : — 
Bassinde  SaarMick, 


Yean 

ICetrioalTons, 
2,200  lbs. 

Yfane  in  Francs 

Tains  per  Tonus 
inifrancs 

1864 
1865 
1866 
1867 

2,597,516 
2,872,999 
8,004,690 
8,171,125 
2,911,682 

24,011,048 
27,638.260 
82,841,262 
83,994,460 
29,621,255 

9-24 

9-62 

10-98 

10-72 

10'17 

Bassin  de  la  Bukr  (IHstriot  de  Bomhund). 


Yean 

Metrical  Tons, 
2,200  lbs. 

Yaloe  in  Francs 

^-sjissr 

1864 
1865 
1866 
1867 
Hean 

8,146,438 
9,165,675 
9,291,250 
10,366,035 
9,242,848 

49,856,170 
62,698,217 

612 
6*84 

••• 

Mr.  Lowther  in  his  Beport  remarks.  *  The  western  parts  of  Prostia  are  so  lidilj 
ftirni^ed  with  mineral  ftiels,  particnladjr  coals,  that  they  do  not  d^«nd  for  their 
supply  on  foreign  countries,  bnt  rather  give  np  a  great  part  of  their  coal  prodnee  to 
the  latter.  The  eastern  provinces  of  the  state  haye  to  look  to  the  impart  of  foreign 
coal^partly  from  Westphalia,  partly  from  foreijgn  ooontries. 

*  This  is  perdcolarly  the  case  with  countries  on  the  Baltic,  which  reoeiTe  by  sea 
coal  cheaper  from  British  harbours  than  from  distant  inland  mining  distxiots.  The 
proyinces  of  Saxony  and  Brandenburg^  particularly  when  near  the  watercourses  of  the 
Elbe,  receive  important  quantities  of  British  coal  and  Bavarian  brown  coal,  as  well 
as  great  imports  of  coal  bv  railway  from  the  pits  of  Zwickau  and  Chemnits  in  the 
neighbouring  kingdom  of  Saxony;  these  pits  are  daily  improving  in  extent  and 
value.* 

The  coal  production  of  Silesia  was  in  1871  much  greater  than  anybody  expected. 
It  reached  a  height  never  previously  attained,  viz.,  32,728,824  tonnen  (about  6^  to  an 
English  ton),  which  is  4,403,767  tonnen,  or  16,154,479  ewts.  more  than  last  year. 

&e  impcnrtation  of  coal  into  Berlin  amounted  to— 

1870.  2,697,043  tonnen  Silesian  coal.    1871.  8,228,891  tonnen. 
1870.     600,000      „      English  coal    1871.  1,160,919      „     . 

This  is  an  increase  in  one  year  of  531,348  tonnen  Silesian  coal,  and  560,340  tonnan 
En^ish  coal,  while  during  the  five  preceding  years  the  importatioii  amounted  to~ 
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Yean 


1869 
1868 
1867 
1866 
1865 


L 


tonnen 
tonnen 
tonnen 
tonnen 
tonnen 


BUedanCoal 


1,966,927 
2,002,807 
1,888,853 
1,466,400 
1,962,000 


English  Coal 

BnglishCoke 

689,952 

77,386 

706,406 

111,608 

525,464 

103,742 

917,056 

96,358 

686,096 

104,362 

Coal  in  Prussia,  as  returned 


Upper  Sileda 

Lower  Sileeia 

Wettin 

Lobejim 

The  ProTince  of  Hanover  (Weald 

The  County  of  Hohnstein 

Schaumbnig  (^)  . 

Minden 

Ibbenbiiren 

The  district  of  the  Bohr 

Aachen 

The  district  of  the  Saar 


to  January  1871 : — 

OentDera 
of  100  metrical  potind8= 
110*281  lbs.  aToirdapois 
181,144,040 
39,400,740 
820,958 
958,569 
5,972,845 
469,356 
1,978,429 
109,847 
4,066,314 
249,235,184 
19,928,919 
65,261,165 


coal) 


Total  ....  519,840,875 

Quantity  zaisod  to  Jaanazy  1870                 .  466,824,753 

Increase     .        .        .  58,016,122 
Brown  Coal  in  Prussia  to  January  1871  :— 

Oppeln 60,966 

Breslan 366,489 

LiegmtB 7,281,863 

Posen 197,112 

Brombeig 39,648 

Frankfort-on-the-Oder         ....  17,851,359 

Potsdam 4,037,408 

Magdebnzg 36,322,304 

Mersebnig.        .                .        .                .  64,242,875 

Hinden 820 

Cologne 2,224,795 

Coblens .  86,102 

Aachen 285,211 

Weisbaden 926,511 

Hanover 7,085 

Jffildesheim 40,559 

Lanebnig 14,217 

Cassel 3,689,588 


Total  . 
Production  to  January  1870 

Increase 


137,524,902 
122,330,423 

15,194,479 


The  quantity  of  coal  raised  in  Prussia  in  1872  was  as  follows : — 

Ftople              Quantity  Valne 

SOnea          employed  Owt.B60lcil  Thalen 

Coal    .        .        .428          140,544  590,473,512  85,118,828 

Brown  Coal          .    582            17,447  148,992,780  7,957,125 

PoLAMD. — ^There  are  several  coal-mines  in  Poland.  The  crown  coal-mines  produce 
about  1,000,000  sacks  of  3^  bushels.  The  coal-mines  of  the  western  district  produce 
8,000,000  lbs.  per  annum. 

HmvoABT  and  other  countries  in  the  east  of  Europe  contain  true  coal-measures  of  the 
carboniferous  period ;  but  the  resources  of  these  districts  are  not  at  present  developed. 
ThB  coal  worked  at  Funfkirdien,  in  Hungaiy,  is  of  liassio  age.  On  the  banks  of  the 
Donets,  in  Bussia,  coal  is  worked  to  some  extant,  and  is  of  excellent  quality. 

8i2 


Digitized  by  VjOOQIC 


852 


COAL 


AusTBiA. — Coal  occurs  in  Styria,  Garinihia,  Dalmatia,  the  1^3rIoI,  MoraTia,  Loiii« 
bardy,  and  Venice ;  but  700,000  tons  appears  to  be  the  TnaTimmn  annnsl  produce  of 
the  empire.  The  basin  of  Vienna,  in  Lower  Austria,  produces  iOTeval  varieties  of 
coal,  which  belong  to  the  brown  coal  of  the  Tertiary  period. 

The  following  Table  gives  the  geographical  position  of  coal  now  worked  (1872),  and 
the  estimated  production : — 


FroYinoo 

District 

Frindpal  mlnoB 

Goal 

Blown 

ooia 

TOOB 

Tens 

, 

Bustiehrad              A 

f  Prague  . 

Brandeisl                .  ^ 
Eladno  .                .J 

777.180 

'RnliATniA 

Elbogen 

...           ... 

••• 

124,488 

jjouoiHia                          • 

Eommotau     . 

•••           ... 

1,509 

848,190 

Filsen    . 

...           ,«. 

282,289 

22 

1  Kuttenberg    . 

...           ••• 

165,919 

88,124 

Morayia  and  Silesia  . 

/Olmiitz  .        .1 
\Ostrau  .        ./ 

••«           ••. 

670,517 

64.768 

Upper     and     Lower 

Austria . 

St  Folten      . 
fLeoben  .        A 

...           ••. 

87,077 

187.678 

Styria 

<CilU      . 
iKoflach. 

SagorLokach.        .^ 

2,888 

872,882 

Laibach. 

Seheming                .  I 
VaUey<*fSaTe        .J 

... 

54,925 

Garinthia  . 

Klagenftirt    .| 
fHall      .        A 

Bleiberg.        .        .\ 
Ober  Laibach.       .j 

... 

89,602 

Tyrol 

Kufetein 
.Mori      . 

... 

••• 

5,978 

Croatia,  Military  Fron- 

Agram . 

Gross  FranoTiona    .I 

tier  and  Slavonia   . 

Drenkowa               .  | 

... 

8,198 

Posega    .               .J 

rOfen      .        .'  ■ 

Hungary   and    Tran- 
sylvania 

Filnf  kirchen  . 

.  Grau      .        .  • 

•*•           •*. 

290,8S8 

228,888 

Oiavicza 

Kronstadt      .^ 

Craoow  . 

Galicia      . 

*  Brody    . 
Lemberg 

Jarrorsno 

M.796 

10,428 

Venetia     . 

/  Andgnano      . 
1  Vald'Agno    .J 
'Zara      .        .] 

*••           «•• 

800 

5.878 

Istria  and  Dalmatia  . 

Cattaro.        .J 

•••           ••• 

••• 

7,540 

Bukovine  . 

... 

•••           ••* 

••• 

200 

The  following  statement  of  the  productions  and  of  the  consumption  of  ooal  in 
Austria  has  recentiy  been  issued  upon  authority  :^ 


Yean 

Coeloowomea 

Tods 

Tout 

1848  to  1851 

7.978,648 

8.087,567 

1852   „   1855 

14,121,826 

14,289,041 

1856   „   1859 

22,114,874 

22.182,280 

1860   „   1863 

38,390,964 

83,288,288 

1864  „   1867 

41,466,292 

40,258,099 

1868  „   1871 

60,018,071 

65,945,886 

A  considerable  quantity  of  that  reported  as  ooal  is  lignite  or  brown  eoal,  of  which 
there  are  very  large  deposits  in  Austria. 
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SwiDSzr.-^Anthzacite  is  fbund  in  small  qnantitief  at  Dannemom ;  and  bitominoas 
coaljprobably  of  Idassic  or  of  oolitic  age,  is  worked  at  Hebdngborg,  at  the  entrance  of 
the  &ltic 

Dbocabx.— The  island  of  BomhoUn  and  some  other  islands  belonging  to  Denmark 
produce  coal,  bnt  it  would  appear  to  belong  to  the  brown  coal  yarietj. 

BussiA. — ^The  Donets  coal-field  is  the  most  important  In  that  extensire  district 
many  good  seams,  according  to  Sir  £.  L  Mnrchison,  of  both  bituminous  and  anthracitic 
coal  exist 

TuBXXT. — Coal  is  fbund  bordering  on  the  Carpathian  mountains,  in  Servia,  Bou- 
melia,  and  Bulgaria. 

The  coal  of  Heradia,  on  the  south  coast  of  the  Black  Sea,  in  Aiuitolia,  has  been,  since 
the  Orimean  war,  ezdting  much  attention. 

SxTBNA.— Moderatel]r  good  coal  is  found  at  Naali  near  Olidin.  There  are  other 
coal-mines  of  veiy  inferior  quality. 

Gbbbcb.— -There  is  no  coal,  properly  so  called,  known  to  exist  in  Greece,  but  lignite 
has  been  found  in  sereral  places. 

Nobis  Ambsioa. — ^The  coal  area  of  the  United  States  of  America,^  is  thus  described 
by  Professor  0.  H.  Jffitchcock,  Hanover,  N.H.>  U.S.A. 

There  are  eight  distinct  areas  of  the  Coal-measures  in  the  United  States.  They 
are— (1.)  Hie  New  England  Basin.  (2.)  The  Pennsylvania  Anthracite.  (8.)  The 
Appalachian  Basin.  (4.}  The  Michi^  Basin.  (6.)  The  Illinois  Basin.  (6.) 
The  IDssouri  Basin.  (7.)  The  Texas  Basin.  (8.)  Areas  of  unknown  extent,  prob- 
ably JnconsideraMe,  in  the  Bocky  Mountain  Begion. 

1.  7%e  New  En^lmd  Autn.— This  is  in  Masnchusetts  and  Bhode  Island  estimated 
to  cover  7A0  sipiare  miles.  The  coal  is  a  plumbaginous  anthracite,  used  to  advantage 
in  some  smeltmg  Aimaces.  Periiaps  eleven  beds  exist,  best  seen  in  Portsmouth,  B.L 
Theb  maximum  thiekuess  is  28  ft    The  coal-measures  are  about  2,500  ft  thick.' 

2.  Th$  Penn^ffonia  AntkracUe, — ^This  is  the  most  important  coal  district  in  the 
United  States.  Including  the  Broad  Top  semi-anthracite,  of  24  square  miles,  the  five 
separate  basins  amount  to  484  square  miles.  The  measures  are  £r(mi  2,000  ft  to  8,000 
ft  thick.  The  number  of  distinct  beds  varies  from  two  to  twenty-five,  according  to  the 
depth  of  the  basin.  The  maximum  thickness  at  PottsviUe  is  207  ft,  while  the  average 
cannot  be  fiir  from  70  ft* 

8.  The  AppdaMm  Auifi.— This  occupies  an  area  of  68,476  square  miles,  extending 
firom  P^nnsjdvania  to  Alabama,  all  of  bituminous  coaL 

In  Pennsylvania  the  area  amounts  to  12,222  square  miles,  with  an  average  thidL- 
ness  of  40  ft  of  coaL  The  aggregate  thickness  of  the  measures  varies  from  826  ft  to 
2,686  ft' 

In  Maryland  the  area  is  660  square  miles,  in  three  separate  basins.  The  strata  are 
1,600  ft  thick.  There  are  thir^-two  beds  of  coal,  one  of  14  ft,  three  of  6  ft  each, 
and  the  others  firom  1  ft  to  6  ft* 

In  West  Yiinnia  (with  a  little  in  "^^rginia)  the  coal  area  oocnpiea  16,000  square 
miles.  On  the  Kanawha  Biver  the  strata  are  1,260  ft  thick,  with  twenty-four  beds 
of  coal,  of  which  eleven  have  an  aggregate  thickness  of  61  ft  The  coals  are  best 
developed  along  this  river.* 

In  Ohio  Dr.  J,  S.  Newberry  mentions  that  the  area  is  greater  than  10,000  square 
miles,  with  a  thickness  of  1,600  ft  of  sediment  and  ten  workable  beds  of  coal 

In  Eastern  Kentucky  the  area  is  stated  to  be  10,000  square  miles.* 

In  Tennessee  the  area  of  the  measures  is  6,100  square  miles.  A  characteristic  sec- 
tion gives  a  thickness  of  678  It  There  are  seven  beds  of  coal,  with  a  total  thickness 
of  14  ft  The  beds  vary  locally  in  their  dimensions,  more  than  has  been  reported 
elseiriiere;  perhaps  more  carefblly  explored.*  The  conviction  is  increasing  among 
American  geologists  that  coal-beds  are  not  evenly  persistest  on  large  areas,  and  con- 
stantly vary  in  thickness. 

In  Georgia  the  area  cannot  be  more  than  170  square  miles. 

In  Alabama,  a  hastf  measurement  of  a  map  ftiniished  in  manuscript  by  Professor 
Sa£R»rd  indicates  an  area  of  9,000  square  miles.  The  general  character  of  the  measures 
must  be  like  those  of  Tennessee. 

4.  The  Michigan  Basin, — The  area  is  about  6,700  square  miles,  with  123  ft  thick- 
ness of  measures,  and  11  ft  (maxinmm)  of  coaL  In  the  centre  the  coal  is  thickest 
thinning  out  to  a  mere  line  around  the  edges.' 

*  <  Geology  of  lalAUd  of  Aqnidneek,'  by  G.  H.  Hitchcoclc    Proo.  Amer*  JlSi*  Adv.  SoL  I860. 

*  '  Geology  of  FennsylraiiiA,'  by  H.  P.  Bogers. 
"  *  First  Bepoci  npon  the  Qeolcttv  of  Iforyuad,'  ht  P.  T.  Tytm/a, 
'  *  Beport  to  Oheeapeeke  and  Omo  B.B.'  by  T.  8.  r'  * 


r  A*  H«  WortbeiL 


*  *  Geology  of  Tennenoe/  by  James  M.  SaiEord. 

*  'Geolonr  of  Hlddna.^  18S1,  by  A.  WlnoheU. 

*  •  Raal  Bepoci  oo  die  Geology  of  lUineWby  i 
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5.  The  lUinoia  i?iMCfi.-— This  ooeni»es  an  area  of  51,700  square  milee,  indnding 
Illinois,  Indiana,  and  Western  Kentucky. 

In  Illinois  the  measures  occupy  an  area  of  41,500  square  miles,  are  from  600  ft  to 
2,500  ft  thick,  and  contain  ten  beds  of  coal,  with  an  aggregate  thickness  of  35  ft* 

In  Indiana  the  measures  occupy  an  area  of  6,500  square  miles,  are  650  ft.  thick, 
and  contain  thirteen  beds  of  coal,  with  an  aggregate  thickness  of  31  ft' 

In  Western  Kentucky '  the  measures  are  612  ft  thick,  including  the  Millstone  grit 
They  contain  eleven  beds  of  coaL 

6.  The  Mieeowri  Bonn, — This  is  the  largest  of  all  the  areas,  comprising  more  than 
100,000  square  miles.  It  is  also  reached  by  several  nayigable  riyers.  It  extends  from 
Iowa  to  Texas.  It  is  separated  from  the  Texas  field  only  by  cretaceous  beds,  which 
probably  oyerlie  coal-beos  continuous  £rom  one  basin  to  the  other. 

In  Iowa,'  Professor  White's  late  map  shows  an  area  of  about  25,000  square  inilc<:  of 
coal-measures.  He  has  divided  the  group  into  three  divisions,  each  about  200  ft  The 
two  lower  ones  contain  the  workable  coal,  which  amounts  to  8  ft  in  the  second, 
and  only  20  in.  in  the  upper  division.  As  the  lower  divisions  everywhere  pass  under 
the  higher,  the  whole  area  may  be  regarded  as  raoductiye. 

Nebraska  contains  3,600  square  miles  of  the  Upper  Coal-Measures,  aooocding  tomap 
in  *  Final  BejMrt  upon  the  Qeology  of  Nebraska,^  by  F.  V.  Hayden. 

In  Mssouri  (private  communication)  BrofiBSsor  G.  0.  Swidlow  estimates  the  coal 
area  at  27,000  square  miles,  and  in  Kuisas  at  17,000  square  miles.  The  measures  are 
2,000  ft  tliick,  carrying  twenty  coal-beds,  fsom  a  few  inches  to  6  ft  thick. 

In  Arkansas,  Dr.  D.  D.  Owen '  describes  two  coal-beds,  the  thickest  5  ft.  thidc,  and 
rexj  valuable.  The  area  is  stated  to  be  12,000  square  milee.  The  coal,  however, 
underlies  the  conglomerate,  and  does  not  belong  to  Uie  true  coal-measuree. 

Scarcely  anything  is  known  of  the  coal  in  Lidian  territory.  From  the  map,  the 
area  must  be  as  great  as  that  of  Arkansas.  I  am  assured  by  the  oflloers  of  the 
Missouri,  Kansas,  and  Texas  Bailway  that  they  find  good  beds  of  coal  all  through  the 
territ(^  near  their  line  of  travel. 

7.  The  Texas  Baein, — ^This  is  barely  separable  from  the  receding.  Br.  B.  F. 
Shumard  *  estimated  the  coal  area  at  5,000  square  miles.  A.  B,  Boesder  *  estimates 
the  same  at  6,000  square  miles.  Beds  of  good  coal  are  reported  at  Fort  Bilknop,  4  ft 
in  thickness. 

8.  Mr.  G.  E.  Gilbert  *  of  the  expedition  under  the  immediate  direction  of  Lieut 
George  M.  Wheeler,  reports  coal  near  Gamp  Apache,  in  Arisona.  Garbonifsrous  strata 
are  luiown  in  many  places  in  the  mountainous  territories,  and  valuable  discoveries  of 
coal  may  be  looked  for  among  them  at  no  distant  day. 

The  total  coal  area  as  thus  described  amounts  to  230,659  square  miles.  Ko  notice 
is  to  be  taken  of  any  coals  which  do  not  belong  to  the  Carboniferous  system.  There 
are  many  others  of  commercial  importance,  as  the  Triassio  of  Virginia,  the  G^rataoeoos 
of  the  territories  west  of  the  lussonri  Biver,  an  immense  amount  in  Califtraia, 
Alaska,  &c. 

These  &ots  will  a£ford  data  fbr  those  who  are  interested  in  estimating  the  amount  of 
coal  in  different  countries  by  the  number  of  cubic  miles  or  tons.  The  statements  are 
too  brief  to  perpiit  any  notice  of  the  best  or  of  the  inferior  ooaL 

The  anthracite  coal-fields  of  Pennsylvania  are  divided  into  three  neat  districts, 
viz. :  1st  Southern  or  Schujrlkill  district  embracing  the  Lehigh  and  Ij^kens  valley 
coal ;  2nd,  the  Middle  district  embracing  the  Beaver  Meadow,  Shamokm  and  Tre- 
vorton  coal ;  the  3rd,  Northern  or  Wyoming  and  Lackawanna,  embracing  the  Scrantoo, 
Pittston  and  Lackawanna  coals. 

Produce  of  these  districts  from  1858  to  1868. 


Years 

SchuylklU  District 

Middle  DlBtriot 

Wyoming  District 

Total 

tons 

tons 

tons 

tons 

1858 

3,212,879 

909,000 

2,186,094 

6,524,838 

1859 

3,508,531 

1,050,659 

2,731,236 

7,517.516 

1860 

3,815,822 

1,091,032 

2,856,896 

8,059.017 

1861 

3,114,254 

994,705 

2,918,458 

7,487,672 

1862 

3,549,844 

396,227 

3.130,887 

7,640,905 

1863 

4,151,882 

609,548 

3.760,374 

9,420,135 

*  *  Second  Report  on  the  Oeology  of  Indians,'  bj  B.  T.  Qox, 
»  •  Geology  of  Iowa,'  to  0.  A.  White. 

'  *  SeoondBeport,  Geology  of  Arkansas,*  t^  D.  D.  Owen. 

*  *  Texas  Almanack  fbr  1861.' 

*  *  Texas  Almanack  for  1872.' 

*  Official  Report 
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Total  produce  of  FennsjlTania  in  1864  :- 


TOBS 


Anthracite  districts 9,876,1T4 

Broad  top  and  semi-anthracite      .        •        .       422,992 
Bituminous  districts 2,899,246 


Total 


.  12,698,412 


Goal  product  of  the  Loyal  United  States,  year  ending  June  1864,  firom  the  returns 
made  to  the  Internal  Beyiew  Department : — 

Tons 
8,656 
12,698,412 
787,269 


Bhode  Island 
Fennsylyania 
l^Biyland    . 
District  Columbia 
Weetem  Virginia 
Kentucky    . 
Missouri 
Ohio  • 


742 

398,815 

91,036 

66,187 

-1,324,685 


Indiana 

Illinois 

Michigan 

Minnesota 

Kansas 

California    . 

Washington  Territory 


Tons 

146,787 

925,293 

16,296 

50,204 

236 

44,938 

7,754 

16,472,410 

The  folloiring  sununazy  of  the  condition  of  the  American  coal  trade  in  1871  is  of 
interest: — 

'  The  quantity  of  anthracite  coal  sent  to  market  during  the  year  1871  is  returned 
officially  at  14,965,501  tons,  and  the  quantity  consumed  in  the  coal  regions  is  esti- 
mated at  2,720,000  t(ms.  The  quantity  of  bituminous  coal  sent  towuds  the  sea- 
board, including  443,955  tons  imported,  is  returned  officially  at  4,894,914  tons,  and 
the  quantity  of  bituminous  mined  and  consumed  in  the  United  States,  but  not  at 
present  returned  in  the  official  tables,  is  estimated  unofficially  at  11,500,000  tons. 
The  aggregate  production  of  the  year  thus  comes  out  at  84,081,415  tons,  of  which  all 
but  269,751  tons  exported,  was  retained  as  the  supply  of  the  Bepublic  for  the  year. 
At  this  rate  the  areiage  coal  production  of  each  American  amounted  last  year  to  about 
17  cwts.  per  head,  while  in  1^9  the  average  coal  production  of  each  inhabitant  of  the 
United  mngdom  was  as  nearly  as  possible  8i  tonsper  head.  It  is  dear  from  this 
comparison,  that,  great  as  the  coal  wealth  of  the  United  States  is  supposed  to  bo, 
American  ooal-mining  is  still  in  its  in&ncy ;  while  the  corresponding  branch  of  industry 
has  been  carried  on  in  Great  Britain  to  an  extraordinary  development.  The  openings 
for  human  effixrt  are  so  numerous  in  the  United  States,  that  no  very  large  amount  of 
the  population  can  be  induced  to  apply  themselves  to  mining  industry — at  any  rate  at 
present ;  and  hence  the  average  coal  extraction  of  the  United  States  per  head  of  the 
population  is  only  about  one-fourth  of  the  corresponding  extraction  in  Great  Britain. 
Far-seeing  and  thoughtM  minds  may  come  to  the  conclusion  that,  after  all,  there  is  no 
very  great  gnmnd  for  national  complacency,  at  the  results  brought  out  by  the  com- 
parison, since  it  may  be  argued  that  we  are  rapidly  working  up  our  coal  supplies,  while 
the  Americans  are  husbanding  tiieirs.  It  shcnild,  perhaps,  be  remarked  that  we  have 
accepted  the  American  statistics  as  to  the  American  coal  trade  as  they  have  come  upon 
our  hands.  At  the  same  time  it  cannot  be  denied  that  they  are  characterised  by  great 
vagueness,  one-third  of  the  whole  total  of  34,081,415  tons  being  derived  £rom 
unofficial  estimates.' 

Although  the  returns  are  fairly  open  to  the  imputation  of  vagueness,  and  uncertainty 
as  a  whole,  they  are  tolerably  conclusive  and  satisfactory,  however,  as  respects  the 
anthracite  coal  production  of  the  United  Stales.  The  total  of  14.965,501  tons 
already  given  as  representing  this  production  in  1871,  compares  with  15,274,029  tons, 
the  production  of  1870;  so  that  the  extraction  fell  off  in  1871  to  the  extent  of 
308,528  tons — a  result  attributable,  we  presume,  to  the  prolonged  and  troublesome 
strikes  which  prevaiftd  last  year  in  the  Pennsylvania  coal  regions.  The  two  totals 
of  14,965,501  tons  and  15,274,029  tons  include  the  semi-anthracite  production  of  the 
Lykens  Valley  in  each  year,  and  they  were  made  up  as  follow : — 

1870  1871 

tons  tons 

Schuylkill,  Columbia,  &c.      .        .    3,720,403  5,124,780 

Nortiumberland   ....       486,174 

Wyoming      .        .        .        .        .     7,664,909 

Lehigh 2.990,878 

Lykens  Valley  (semi-anthracite)    .       621,665 


628,866 
6,481,171 
2,249,356 

481,328 


Total 


15,274,029        14,965,501 
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It  will  be  obsenred  that  thore  was  a  ooiunderable  increafle  in  thejraoduetion  of 
the  SchujUdll  region  last  year,  while  the  extraction  fell  off  in  the  Wyoming  and 
Lehigh  regions :  Uie  general  result  being  a  decline  of  808,628  tons  in  the  last  year,  as 
compared  with  1870.  During  the  ten  yean  ending  with  1871,  indnsive,  the  prodnc- 
tion  of  anthracite  coal  in  the  SchnyUdll,  the  Wyoming  and  the  Lehigh  r^ons  appears 
to  hare  been  as  follows : — 


Year 

SchnyUdU 

Wyomiog 

.Lehlgfa 

1862 

2,890,698 

3,146,770 

1,361,064 

1863 

3,443,266 

8,769,610 

1,984,718 

1864 

3,642,218 

3,960,836 

2,064,669 

1866 

3,736,802 

3,266,668 

1,822,636 

1866 

4,633,487 

8,736,616 

2,128.867 

1867 

4,334,820 

6,328,322 

2,062,446 

1868 

4,414,866 

6,990,813 

2.607,682 

1869 

4,748,960 

6,068,396 

1,929,683 

1870 

8,720,408 

7,664,909 

2,990,878 

1871 

6,124,780 

6,481.171 

2,249,866 

The  aggregate  extraction  of  each  year  will«  however,  illustrate  more  condnfiTely 
the  progress  .which  has  been  made.    The  figures  come  out  as  follow  :^ 


Yean 

Tboa 

Years 

Tom 

1862 
1868 
1864 
1866 
1866 

7,387,422 
9,187,688 
9,667,728 
8,814,996 
10,498,970 

1867 
1868 
1869 
1870 
1871 

11,726,688 
12,912,761 
12,746,938 
14,266,190 
13,866,307 

It  will  be  observed  that  the  production  very  nearlv  doubled  itself  during  ten  years. 
It  would,  probably,  have  completely  doubled  itBm  but  for  the  strike  troables  of 
last  year.  In  this  current  1872  it  is  expected  that  the  ground  lost  last  year  will  be 
more  than  recovered ;  and  that  the  progress  realised  will  be  considerable^  as  the 
aspect  of  the  labour  market  has  become  more  settled.  Frofvision  has  also  been  made 
for  an  arbitration  and  conciliation  tribunal  to  adjust  any  dilBculties  which  may 
present  themselves. 

BninsH  America  contains  coal  in  the  provinces  of  New  Brunswick  and  Nova  Seotia. 
The  former  presents  three  ooal-flelds,  occupying  in  all,  no  lees  than  8,000  square  miles; 
the  latter  dibits  several  very  distinct  locautieB  idiere  ooal  abounds.  The  New 
Brunswick  coal-measures  include  not  only  shales  and  sandstones,  as  is  usual  with 
such  deposits,  but  bands  of  lignite  impregnated  with  various  oopper  ores,  and  coated 
hy  green  carbonate  of  copper.  The  coal  is  generally  in  thin  seams  lying  horiaontally. 
It  is  chiefly  or  entirely  bituminous. 

Nova  Scotia  possesses  three  coal  regions,  of  which  the  Northern  raesents  a  total 
thickness  of  no  less  than  14,670  feet  of  measures,  having  70  seams  whose  aggregate 
magnitude  is  only  44  feet,  the  thickest  beds  being  less  than  four  feet  The  Picton 
or  central  district  has  a  thickness  of  7,690  feet  (S  strata,  but  the  coal  is  £ur  more 
abundant,  one  seam  measuring  nearly  30  feet ;  and  part  of  the  coal  being  of  exeellent 
quality  and  adapted  for  steam  purposes.  The  soutnem  area  is  of  less  importance. 
Besides  the  Nova  Scotia  coal-fields,  there  are  three  others  at  Gape  Breton,  yielding 
different  kinds  of  coal,  of  which  one,  the  Sydney  coal,  is  admirably  adapted  tar 
domestic  purposes.  There  are  here  14  seams  about  3  feet  th^  one  being  11,  and 
one  9  feet. 

The  areas  of  these  coal-fields  are  respectively: — 


Nova  Scotia 

Gape  Breton,  Sydney  District 

.,  Boularderie    . 

„  South  coal-field 

Prince  Edward's  Island 
Newfoundland     . 


Square  mUes 

2,600 

260 

104 

180 

6,000 


The  production  of  ooal  in  Nova  Sootia  in  tho  year  1866  to  1870  was  as  g^ven  in  the 
following  Table : — 
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1866, 
Xear  ending 
September  80 

1868, 
Tear  ending 
September  80 

1869, 
Tear  ending 
September  30 

Bound 

Slack 

Bound 

Slack 

Bomd 

Slack 

Onmborland         . 
Picton. 
Gape  Breton 
InTemeM    . 
Richmond    . 
Victoria       . 

Total    . 

tons 

15,008 

183,244 

825,515 

2,098 

739 

7,828 

tons 

1,441 

22.485 

14,065 

1,206 

228 

458 

tons 

9,098 

126,642 

276,045 

181 

12 

1,688 

tons 

1,010 

18,209 

20,696 

••• 

8 
141 

tons 

7,648 

175,286 

287,027 

292 

"372 

tons 

867 

22,925 

17,292 

40 

"45 

561,428 

39,873 

418,557 

40,067 

470,625 

41,169 

Plaoee 

1870. 
Tear  ending 
Septembers 

TeartincUng 
December  81 

Boond 

Slaok 

Boond 

Slack 

Cumberland    .  .        .        .        ... 

Kctou       .        .        

CapeBretx)ii 

Inyeomess  ...---- 

tons 

6,906 

191,465 

306,097 

15 

*271 

tons 

978 

35,059 

27,480 

8 

tons 

13,272 

840,142 

860,086 

2,879 

tons 

881 

48,275 

20,287 

191 

Richmond  . 
Tictoria     . 

Total       . 

.  . 

•        . 

• 

504,756 

63,520 

616,329 

69,584 

Bbitibh  Columbia.— The  following  is  the  report  of  Mr.  JGQlaiy  Bauerman  in  1860 : 

Two  seams  of  coal,  averaging  six  to  eight  feet  each  in  thickness,  occur  and  are 
extensively  woriced  for  the  supply  of  steamers  plying  between  "^^ctoria  and  Erazer's 
River. 

The  coal  is  a  soft  black  lignite,  of  a  dull  earthy  fracture,  interspersed  with  small 
lenticular  bands  of  a  bright  crystalline  coal,  and  resembles  some  of  the  duller 
varieties  of  coal  produced  in  the  South  Derbyshire  and  other  central  coal-fields  in 
England. 

£1  some  places  it  exhibits  the  peculiarjointed  structure,  causing  it  to  split  into  long 
prisms,  observable  in  the  brown  coal  of  llohemia. 

For  economic  purposes  these  beds  are  very  valuable.  The  coal  bums  very  fireely, 
and  yields  a  light  pulverulent  ash,  ^ving  a  very  small  amount  of  slag  and  cbnker. 

Nbwfoxtkdiand  Coal-held. — ^This  field  is  estimated  at  about  5,000  square  miles. 
According  to  Mr.  Jukes,  formerly  Director  of  the  Geolo^cal  Survey  in  Ireland,  tibe 
entire  western  side  of  the  island,  along  a  space  of  856  miles  in  breadth,  is  occuped 
by  secondary  and  carboniferous  rocks.  The  coal  on  the  south-western  point  of  the 
island  has  been  traced  at  intervals  along  a  ^pace  of  150  to  200  miles  to  the  north- 
east 

Gbeekland. — Captain  Scoresby  discovered  a  regular  coal-formation  here.  At 
Hasen  Island,  lignite  or  brown  coal  has  been  found,  and  also  at  Disco  Island  on  the 
western  coast. 

ABcmo  OcBAK. — ^At  Byam  Martin's  Island  coal-formations  exist,  and  at  Melville 
Island  several  varieties  of  coal  have  been  discovered,  much  of  it  bein^  of  an  anthradtic 
or  of  a  semi-anthracitic  character.  We  learn  that  at  Prince  Begent^  Inlet  indications 
of  coal  have  been  observed. 

BussiAK  Ambbiga.— Beyond  the  Icy  Cape  and  at  Point  Barrow  coal  was  observed 
on  the  beach ;  and  it  has  been  found  by  digging  but  a  few  feet  below  the  surface  at 
Point  Franklin. 

Obbook  Tkbbitobt. — Coal  has  been  discovered  and  worked  in  Wallamette 
valley,  nearl;^  100  miles  above  Oregon  City;  and  anthracite  has  been  observed  hy 
Sir  George  l^pson  about  30  miles  up  one  of  the  tributaries  of  the  Columbia  river. 

Unitbd  Statbs  of  Colombia. — ^Inunense  deposits  of  cannel  coal  have  been  dis- 
covered in  the  Province  Bio  Hacha. 

Calivobicia. — Colonel  Fremont   stotes  that   a  coal-formation  exists  in  Upper 

.  California,  north  lat.  41^^,  and  west  long.  107^^ : — *  The  position  of  this  coal-formation 

is  in  the  centre  of  the  Bocky  Mountain  chain,  and  its  elevation  is  820  feet  above  the 
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level  of  the  sea.  In  some  of  the  coal-seams  the  coal  did  not  appear  to  be  perfiBctlY 
mineralised,  and  in  others  it  -was  compact  and  remarkably  Instrons.' — fremon/$ 
Beport,  1843. 

In  1847  a  coal-mine  was  discovered  near  San  Luis  Obisco,  Korth  lat  86^  There 
are  three  coal-mines  -within  300  miles  of  Monterey. 

Mexico. — On  Salado  river  coal  is  -worked  by  an  American  company.  A  coal- 
formalion  50  miles  in  breadth  crosses  the  Bio  G&ande  from  Texas  into  Mexico  at 
Loredo ;  and  on  the  Mexican  shore,  within  200  yards  of  the  Rio  Grande,  a  rraaarkably 
fine  vein  of  coal  8  feet  thick  occurs. 

Texas. — Coal  is  known  to  exist  in  Texas,  though  the  oonntiy  has  not  been 
geologically  examined.  The  *  Trinity  Coal  and  llfininff  Companv '  was  incorporated 
by  the  Texan  Congress  in  1840,  who  worked  both  anthracite  and  a  semi-bitominoas 
coal.  Kennedy  in  his  work  *  Texas,  its  G^eography,  &c,*  says  *  Coal,  both  anthracite 
and  bitominons,  abounds  from  the  Trinity  River  to  the  Rio  Grande.' 

So-DTH  America. — In  the  Re^mblic  of  New  Granada,  especially  at  Santa  Fi  de 
Bogota,  coal  occurs :  also  in  the  island  of  Santa  Clara,  and  brown  coal  in  the  province 
of  Panama. 

VsinzusLA  is  said  to  contain  coal,  bnt  whether  brown  or  bitnminoos  does  not 
appear  certain. 

Pbbv  appears  to  possess  some  coal,  bat  a  fossil  charcoal  of  considerable  valne  is  more 
abundant. 

Chili. — ^The  coal  of  this  district  has  been  examined  l^  many  American  engineers, 
and  by  Captains  Fitzroy  and  Beechy  and  Mr.  Darwin.  In  1844  upmurds  of  20  coal- 
mines were  open  in  the  neighbourhood  of  Conception.  At  Tulcahnano  a  new  seam  of 
41  feet  was  proved.  The  coal  is  described  by  W.  R.  Johnson  as,  *  in  external  ap- 
pearance nearly  related  to  man^r  of  the  richest  bituminous  coals  of  America  and 
Kuropo ; '  and  Mr.  Wheelwright,  in  his  report  on  Uie  mines  and  coal  of  Chili,  says, 
*  in  fact,  the  whole  southern  country  is  nothing  but  a  mine  of  coaL' 
Bbazil  does  not  possess  much  coal  of  value. 

The  following  communications  from  Jdm  Mieis,  Esq.,  F.R.S.  and  from  N.  Plant,  Esq., 
give  all  that  is  known  respecting  the  two  coal-fields  of  Braril : — 

'  The  coal-mine  for  which  the  Yisconde  de  Barbacena  otoined  a  privilege  is  in  the 
province  of  Sta.  Catherina,  where  extensive  deposits  are  found  in  a  district  near  the 
junction  of  two  small  rivers  fiowin^  from  the  Serraeorul  de  Sta.  Catherina,  and  which 
unite  to  form  the  Rio  Tuberao,  which  runs  eastwara  for  about  70  miles,  whenitentas 
the  Lake  of  Laguna,  in  lat.  28^  23'  S.  The  lake  or  bay  is  sufficiently  dee^  and 
capacious,  and  is  available  for  sea-going  vessels  with  a  draft  of  11  feet,  which  is  the 
depth  of  water  over  the  bar  in  its  moutiL  The  Rio  Tuberao  is  navigable  by  vessels  of 
that  capacity  as  far  as  Piedade,  which  is  27  miles  from  the  point  of  its  entrance  into 
the  bay ;  but  above  that  distance  the  river  is  only  navigable  by  smaller  craft  for  a  few 
miles ;  so  that  Piedade  will  be  the  shipping  port  for  the  coal,  which  will  have  to  be 
conveyed  by  a  tramway  from  the  mine,  45  miles  long,  along  a  course  nearlv  due  east 
and  west,  upon  a  gentle  gradient.  At  that  distance  no  less  than  20  different  sitps 
have  been  seen  on  both  sides  of  the  Tuberao  where  the  coal  deposits  crop  out,  the  river  ' 
running  over  several  beds.  This  district  is  situated  in  a  beautiful  and  well-wooded 
country,  about  880  English  feet  above  the  level  of  the  sea,  and  upon  the  noitheni 
fianks  of  the  Monro  de  Sta.  Martha  or  de  Congouhas,  a  spur  of  the  main  serra  that  ex- 
tends for  a  long  distance  parallel  with  the  coast  This  spur  runs  eastward,  and  term- 
inates at  a  point  4  leagues  south  of  Laguna.  This  coal-formation  is  evidently  of  con- 
siderable extent,  for  similar  deposits  are  found  on  the  southern  fianks  of  the  same 
spur,  near  the  sources  of  the  Rio  Ararangui,  which  runs  eastward,  and  fiEills  into  the 
ocean  in  lat.  28^  48^  S.,  and  which  is  navigable  fbr  a  distance  ef  20  miles  to  Tresportes, 
where  it  is  broad  and  deep.  The  Yisconde  de  Barbacena's  mining  ground  is  on  tJie  Rio 
Bonito,  an  affluent  of  the  Tuberao,  whore  the  coal  shows  itself  wherever  the  sarftu»  at 
the  hills  has  become  denuded  by  ^llies  formed  by  springs,  presenting  diflb,  40  feet 
high.  Here  the  coal-deposits  are  visible  to  a  depth  of  fh>m  10  to  14  fe^  and  these  are 
covered  by  a  roofing  of  hard  sandstone  20  feet  deep.  Immediately  below  the  upper 
bed  is  another  layer  of  coal  6  inches  deep ;  then*a  stratum  of  greyish  schist  with  foesil 
vegetable  remains,  succeeded  by  a  bed  dP  good  solid  coal  8  feet  thick ;  then  a  layer  of 
bl»:Jc  schist,  and  another  bed  of  coal  1  foot  thick.  How  much  deeper  these  beds  may 
be  is  unknown,  as  the  ground  has  not  been  bored ;  but  it  is  probable  that  deep  beds  of 
more  valuable  coal  exist.  There  is,  however,  a  sufficient  store  above  ground  to  admit  of 
extensive  workings  without  the  necessity  of  sinking  shafts,  or  of  the  onHnaiy  enense  of 
raising  Uie  coal  to  the  surface  by  means  of  steam  machinery.  The  existence  of  a  thid^ 
sandstone  roofing,  containing  vegetable  impressions,  ofibrs  good  ]^mi86  as  regaxds 
this  coal-formation.  The  samples  exhibited  in  the  Paris  Exhibition  brou^t  horn 
this  mine  were  much  broken  by  long  carriage,  but  they  showed  a  tolezably  btig^  ooal. 
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of  a  YeiT  laminated  strnctaze,  "with  indications  of  pyrites  scazoely  visible ;  bnt  it  is 
not  unlikely  that  seams  vet  undiscovered  may  elicit  a  coal  of  a  still  better  quality. 

'  The  second  sample  of  Brazilian  coal  exhibited  in  Paris  vras  scarcely  equal  in  quality 
to  the  former,  and  seemingly  was  more  slaty  and  more  charged  with  ppites.  This 
-was  hronght  from  a  mine  in  the  province  of  Rio  Grande  do  Sul,  which  has  been 
scantily  worlced  for  several  years,  but  hitherto  with  little  encouragement  It  is  situa- 
ted on  the  Arroyo  doe  Batos,  a  small  stream  that  runs  into  the  Kio  Jacuahy,  about 
half  a  league  distant  fi^om  Sao  Jeron^o,  which  is  near  16  leagues  to  the  westward  of 
Porto  Alegre,  the  capital  of  the  province,  and  which  has  an  excellent  water  conveyance 
between  it  and  the  seaport  town  of  Bio  €hrande ;  but  with  all  the  advantages  of  easy 
transport,  the  coal  has  not  been  able  to  obtain  a  good  reputation  among  the  owners  of 
the  numerous  steam  vessels  that  are  constantly  plying  between  the  places  above 
mentioned,  for  which  traffic  English  coal,  notwithstanding  its  high  price,  is  also  pre- 
ferred. 

'  There  is  another  extensive  deposit  of  coal  in  the  same  province,  and  which  is  said 
to  be  a  coal  of  very  good  quality ;  but  its  distance,  too  fSur  inland,  and  the  want  of 
water  conveyance,  are  said  to  be  great  obstacles  against  the  probable  success  of  any 
attempt  to  work  it  in  the  present  state  of  the  country.  Mr.  N.  Plant  thus  describes 
them: — 

*  The  only  localities  on  the  eastern  coast  of  South  America,  between  the  river 
Amazon  and  the  river  Plate,  where  the  existence  of  coal  has  actually  been  determined 
are  the  two  southern  Brazilian  provinces  of  Sao  Pedro  do  Bio  Qrande  do  Sul  and  Santa 
Catheiina,  and  the  neighbouring  Bejpublic  of  Banda  Oriental,  or  Uruguay. 

*  Lignite,  brown  coal,  and  bituminous  schists,  to  which  the  name  of  "  carvSo  de 
pedia,  stone  coal,  has  been  applied  in  Braidl  occur  in  thin  beds  along  the  coast  and 
m  the  interior ;  but  it  is  only  in  the  two  extreme  southern  provinces  and  the  adjoining 
Bepnblic  of  Urugu^  that  beds  of  bituminous  coal  containinff  palsBozoic  fossils  have  yet 
been  discovered,  ifor  should  I  think  it  likely  fk>m  the  observations  I  have  made 
during  many  years  in  nearly  every  province  of  the  Brarilian  Empire  and  the  Bepublics 
of  the  Biver  flate,  that  coal  of  so  early  an  age  as  even  the  lower  oolitic  rocks  will  ever 
be  found  in  Bnal  north  of  the  province  of  Sta.  Catherina,  unless  it  be  in  the  a^jdn- 
ing  one  of  Parana. 

*  In  the  province  of  Sao  Pedro  do  Bio  Grande  do  Sul,  three  distinct  coal-basins  have 
been  discovered,  and  the  extent  and  thickness  of  the  beds  of  coal  to  some  degree 
determined.  The  district  in  which  these  coal-deposits  are  found  is  contained  within 
the  limits  of  latitude  30^  and  32^  and  long.  61^  and  64^  The  basins  are  separated 
from  each  other  by  rolling  hills  of  ^nite,  syenite,  and  mica  schist 

'  The  largest  of  these  c(»l-besins  is  perhaps  that  occupying  the  valleys  of  the  rivers 
Jaguarao  and  Oandiota,  between  lat  81^  and  32^  and  longitude  58^  and  54^  called 
the  Candiota  coal-field.  A  detailed  report  of  Uiis  appeared  in  the  "  Beports  from  Her 
Majesty's  Seoetary  of  Embassy  and  Legation  respecting  CoaL  1867."  Along  a  line 
ranging  from  N.E.  to  S.W.  the  upper  coal-beds  of  this  deposit  can  be  seen  at  intervals 
for  about  60  miles,  where  the  superincumbent  sandstone  has  been  denuded,  or  the 
stiata  worn  throng  by  streamlets,  and  the  same  may  be  observed  from  N.W.  to  S.E. 
for  about  30  miles. 

'  The  falling  awav  of  one  side  of  a  hill  some  yean  ago  on  the  banks  of  the  Biver 
Candiota,  near  the  basset-edge  of  the  basin,  laid  bare  five  beds  of  coal,  varying  in 
thickness  from  9  feet  to  25  feet,  giving  65  feet  as  the  total  thickness  of  coal  exposed. 
The  coal  from  the  lower  beds,  whidi  are  also  the  thickest,  is  highly  bituminous ;  but 
that  from  the  upper  is  shaly  and  poor. 

'  The  second  basin  lies  in  the  valley  of  the  Sta.  Sep4  one  of  the  tributaries  of  the 
Biver  Jacuahy,  in  about  lat  30^  20^  and  long.  53^  30'.  Two  beds  appear  here,  one  of 
7  feet  and  the  other  of  14  feet,  which  have  been  traced  over  an  area  of  some  15  miles, 
and  along  the  margins  of  other  neighbouring  streams.  The  coal  in  this  deposit  under- 
lies sandstone,  like  that  of  Candiota. 

*  The  third  basin  is  near  Sad  Jeronymo,  a  town  on  the  banks  of  the  Biver  Jacuahy, 
in  about  lat  30^  and  long.  51^  30'.  This  is  the  only  coal-field  being  worked  at  the 
present  moment  on  the  eastern  side  of  the  Andes,  on  the  South  American  continent 
Although  the  beds  of  coal  in  this  deposit  are  of  less  thickness  than  those  of  Candiota 
and  Sta.  Sep^  the  nearness  of  the  basin  to  the  port  of  embarkation  at  the  town  of  Sao 
Jeronymo,  which  is  only  eight  miles  distant  from  the  coal,  renders  the  cost  of  land 
carriage  very  trifling,  compued  to  what  it  would  be  frcon  the  other  two  fields,  to  a 
navigable  river. 

*  Two  shafts  have  been  sunk  in  this  basin  to  a  bed  of  coal  6  feet  thick,  and  a  horse- 
way made  into  it,  along  which  the  coal  is  drawn  to  the  surface.  Bcrings  have  been 
made  in  different  parts,  by  which  it  has  been  ascertained  that  the  whole  basin  spreads 
over  an  area  of  alx>ut  20  miles,  and  that  other  beds  of  coal  exist  under  the  6-feet  seam. 
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*  Chnng  to  the  want  of  miners  and  machinery  to  irork  t^  mine  ona  laige  Boakb  the 
average  amount  of  coal  being  taken  out  at  present  does  not  exceed  200  tons  per  month, 
-irhich  is  barely  sufficient  to  supply  the  steamers  navigatuig  the  Biver  Jacoahy.  This 
river  &ll8  into  the  Lago  dos  Patos,  which  has  its  outlet  in  the  Atlantic  Ocean  at  the 
seaport  of  Bio  Gbande  do  Sul.  The  ooal  is  said  to  be  as  good  for  steam  purposes  as 
Newcastle  coal,  with  the  exception  of  leaving  more  ash. 

*  The  coal-beds  in  the  Bepublic  of  Banda  Oriental  are  situated  on  the  head  waters  of 
the  river  Negro,  between  lat  81^  and  82^  long.  54^  and  55^,  where  they  can  be 
traced  for  SQveral  miles  along  the  marginfl  of  the  river  and  some  of  its  tributaries ;  the 
beds  vary  in  thickness  from  3  to  6  fbet 

*  The  coal-deposits  actually  determined  and  surveyed  in  the  province  of  Sta.  Gatherina 
are  at  Boa  Vista  and  at  the  river  Tubarao,  at  **  Fassa-dous,"  between  lat.  28^  and 
29^  long.  49^  and  50^  Here  beds  of  coal  of  considerable  thickness  can  be  seen  along 
the  margin  of  the  river,  and  appear  to  extend  over  an  area  of  several  leagues,  thou^ 
the  limits  of  the  deposits  have  not  yet  been  ascertained.  The  fossil  plants  fbund  in 
this  coal  are  of  the  same  character  as  those  found  in  the  ironstone  shales  interstzatify- 
ing  the  coal-beds  on  the  Biver  Oandiota  in  the  province  of  Bio  Grande  do  SoL 

'  Beds  of  bituminous  schist  extend  over  considerable  areas  at  llGssSo  da  Corda,  on 
the  river  Mearim,  and  in  the  valley  of  the  river  ItapiourA  in  the  province  of  Maranhio, 
and,  associated  with  lignite,  it  is  fbund  alonff  the  mar^  of  the  river  CamaragibA  in 
the  province  of  Alagoas,  also  at  the  mouth  of  the  nver  Oamam^  in  Bahia,  and  in 
various  parts  of  the  province  c^  Pemunbuca  Prom  experiments  I  have  had  made  in 
England,  these  schists  yielded  from  16  to  20  per  cent  of  crude  oil,  though  some 
specimens  I  saw  in  Pemambuco  were  so  rich  in  oil  as  to  readily  ignite  when  applied  to 
the  flame  of  a  candle. 

'  Lignite  and  brown  coal  are  found  in  thin  isolated  beds  in  many  places  along  the 
coast  of  Brazil,  and  in  the  provinces  of  Minas  (}eraes,  Goyax,  and  in  ttie  valleys  of  the 
Bibeira  de  Iguape  and  Tieti^  in  Sao  Paulo.' 

Thb  Wbst  IifDiAN  IsLiLMD& — Cuba,  in  the  vionity  of  Havannah,  produces  a  kind 
of  asphaltum  much  resembling  coal,  the  analysis  of  which  gives,  carbon  84*97*  Tola- 
tile  matter  68*00,  ashes  2*03.  At  New  Havtumah  a  similar  combustible  is  found ; 
but  it  contains  71*84  of  carbon.  True  coal  does  not  appear  to  have  been  found  in 
Jamaica.  Sir  H.  de  la  Beche  ('Trans.  Geological  Sode^  of  London*),  describee  three 
or  four  thin  seams  of  coal  imbedded  in  shale  near  the  north-eastern  extremity  of  the 
island. 

Babbabobs.— Bitumen  is  found  plentifdlly :  and,  on  Grove  Plantation  estate,  a  good 
coal  is  stated  to  have  been  found. 

TBiNiDiD.— The  pitdi  lake  of  this  island  is  well  known.  Near  it,  and  it  is  beUered, 
extending  under  it,  a  true  coal  of  superior  quality  is  worked. 

Ikdia.— Prom  the  *Hemoirs  of  the  Geological  Survey  of  India,' we  eictnict  the 
following  authentic  information  as  to  the  coal  resources  of  India :— 

Coal  Resovrces  o/Ltdia. 

1.  Rmmahal  i^«.— In  this  district  coal-deposits  occur  in  many  places.  In  the 
basin  of  the  Brahmim,  four  or  five  seams  are  known,  varying  in  thickness  from  8  to 
12  feet.  In  the  valley  of  the  Bansloi  stream  further  noztii,  several  valuable  beds  of 
coal  also  occur,  and  in  the  €K)omani  Yalley,  and  towards  the  north-western  end  of 
the  range  near  Borah.  While  the  East  Inman  fiailway  was  being  constructed,  many 
of  these  beds  were  worked ;  but  since  the  opening  of  the  line,  very  little  has  been 
done.    This  r^way  should  have  opened  a  trade  from  this  coal-field  to  Calcutta. 

2.  Raneegunffe,—Ti)nB  coal-field  is  at  a  distance  of  120  to  160  miles  N.W.  of 
Calcutta;  its  greatest  length  being  nearly  £.  and  W^  about  80  miles,  and  the 
greatest  breadth  nearly  N.  and  S.  about  18  miles.  The  area  of  coal-bearing  rocks  is 
about  500  square  miles. 

The  coal  of  this  field  is  a  non-coking  bituminous  coal,  composed  of  distinct  lamins 
of  a  bright  jetty  coal,  and  of  a  dull  more  earthy  rock.  The  average  amount  of  ash  is 
some  14  or  15  per  cent,  vaiying  from  8  to  25  per  cent  The  western  end  of  the  coal- 
field produces  coking  coal  at  Sanktoria. 

The  Baneegunge  coal-field  has  the  advantage  of  two  branches  of  the  Indian  Bailway, 
which  traverse  its  richer  portion.  Professor  Oldham  has  estimated  that  14,000,000,000 
tons  are  fairlv  obtainable  from  this  coal-field. 

3.  Kurhurbalu — Situated  north  of  the  river  Barakur,  about  80  miles  south  of  the 
Luckieserai  station  of  the  East  Indian  Bailway.  Its  greatest  length  is  Si  miles ;  its 
breadth  nowhere  being  more  than  2}  miles.  There  are  several  beds  of  good  ooal 
from  8  to  14  feet  thick.    The  ooal  of  jCurhurbali  is  of  better  quality  than  most  of  the 


Digitized  by  VjOOQIC 


COAL  *  861 

Indian  ooal,  and  is  used  for  looomotiyes  by  the  East  Indian  Bailway  Oompany,  who 
have  purchased  the  greater  part  of  the  field.  After  carefoUy  excluding  one-foiuth  for 
loss,  waste;  &;o.,  it  is  estimated  that  168,000,000  of  tons  of  coal  remain  m  this  field. 

4.  Jherria, — ^This  coal-field  extends  along  the  yalle^r  of  the  Damndah  liyer.  Its 
greatest  length  is  21  miles,  in  an  E.  and  W.  direction ;  its  maximum  breadth  is  about 
9  miles  N.  and  S.  Total  area  200  square  miles.  It  is  roughly  calculated  that  this 
field  would  yield  465,000,000  tons. 

5.  Bokaro, — ^This  coal-field  is  bnt  a  mile  west  of  the  Jherria  coal-field.  It  extends 
along  the  valley  of  the  Damndah ,  forming  a  long  narrow  band  of  coal-bearing  rocks 
of  more  than  40  miles  from  £.  to  W. ;  its  breadth  N.  and  S.  never  exceeding  7^  miles. 
It  is  a  poor  coal,  nsed  only  for  brick  and  lime  burning ;  bnt  much  has  been  raised 
and  carted  to  Hasareebagh,  and  even  to  Gya.  It  is  estimated  that  1,500,000,000  tons 
of  coal  are  in  this  field. 

6.  Bamgurh, — ^This  small  field  occupies  a  triangular  space.  Near  Bamgurh  the 
breadth  in  a  K.  and  S.  direction  is  only  a  few  hnndred  yards.  It  extends  eastward 
about  12  miles,  and  at  the  eastern  end  expands  to  a  breadth  of  6  miles.  Available 
coal  2,000,000  or  8,000,000  tons. 

7.  Sbkaro  and  Karuiipoora, — The  field  is  of  large  extent,  covering  a  surfiEiee  of  at 
least  450  square  miles.  The  Sonth  Eiiranpoora  fidd  is  thought  to  occupy  120  square 
miles.    These  fields  are  poor  in  coal,  and  what  does  occur  is  of  inferior  quality. 

8.  Eetcoora,—lSiedx  Eetcoora,  to  the  N.W.  of  Basazeebagh,  coal  occurs  of  poor 
quality,  bnt  usable  for  brick  and  lime  burning. 

9.  Palamow, — ^The  principal  fields  of  coal  occur  along  the  valley  of  the  Damudah 
and  its  tributaries.  The  actual  limits  of  the  field  have  not  been  determined,  bnt  the 
district  is  poor  in  coal,  and  if  worked  it  will  be  only  to  supply  local  demand. 

10.  BimgrcwUe, — ^Not  fSar  to  the  west  of  the  village  of  Singhpur  the  colliery  of 
Kotah  has  for  years  been  known,  and  a  &ir  amount  of  good  coal  has  been  prodnced. 
Goal  exists  in  eight  or  nine  localities,  spgreading  over  an  area  of  about  40  miles  in 
lengthfrom  £.  to  W.»  and  20  in  breadth  from  N.  to  S.    Ko  details  can  be  obtained. 

11.  Upper  S<me, — The  prospects  of  any  large  amount  of  ooal  being  available  from 
this  district  are  not  good.  Scmie  thin  seams,  apparently  imworkable,  were  noted  by 
the  Geological  Survey  in  the  Hahannddy  Valley,  near  the  district  of  ^'iragoogurh. 

12.  HuUoo  or  CkoUeetawrh, — Coal  occurs  in  the  Hutsoo  near  E!oorbA;  in  the 
Beeja  Kurra,  25  miles  K.  W.  of  Koorba ;  and  in  the  Labed,  a  few  miles  further  in  the 
same  direction.  It  is  said  to  extend  200  yards  along  the  bed  of  the  former,  and 
about  a  mile  in  the  latter.  Coal  was  also  found  in  the  Chomai  stream,  a  tributary  of 
the  Hutsoo. 

13.  Talcker, — There  is  but  little  coal  in  this  field,  and  that  little  poor  in  quality. 
The  total  area  of  the  coal-bearing  rocks  in  the  field  is  not  more  than  10  square  miles. 
'These  coal-fields,  in  conjunction  with  the  repcnrted  coal-fields  near  Chanda,  on  the 
Wurda,  and  also  the  reported  coal-fields  in  the  vicinity  of  Sumbhulp6r,  will  in  a  very 
fewyears  become  of  &r  hi^ier  value  than  they  are  now.'    Oldham, 

This  opinion  appears  to  be  founded  on  the  probability  of  the  formation  of  a  line 
of  railway  from  Oalcntta  to  Bombay.  The  Nerbudda  Coal  and  Iron  Company  have 
thehr  works  near  Mopaai,  which  are  connected  by  a  branch,  fourteen  miles  in  length, 
with  the  main  line  of  the  Great  Indian  Peninsular  Bailway.  The  coal  does  not  appear 
to  be  of  a  hi£^  quality,  but  still  it  is  of  considerable  loc»l  importance.  Many  small 
thin  seams  exist  m  several  localities  within  Tawa  Valley  of  the  Nerbudda  distnct»  but 
they  are  unimnortant 

14.  F^neh  in«0r.--Goal  ooem  at  Siraori  village.  One  seam  was  more  than  4  feet 
thick,  and  another  seam  2  feet  thidL  (2.)  Chenda  or  Bigawani.— A  seam  with  more 
than  1 2  feet  of  ooaL  (8.)  Hunye.— A  seam ;  thickness  unknown.  (4.)  Bawunwarra. 
— One  seam  with  5  feet  4  inches  of  coal.  A  second  with  more  than  three  feet  of  coal. 
(5.)  Parassia.— Above  five  feet  of  coaL  (6.)  Bhundaria.— Seam  of  16  feet  2  inches, 
with  more  than  7  feet  of  good  coal.  (7.)  Pootaria.— More  than  5  feet  of  good  coal. 
(8.)  Burkol— About  6  feet  of  good  ooaL  (9.)  GogrL-— Six  feet  seam,  with  5  feet  of 
ooaL 

This  coal-field  is  nearly  100  miles  from  Naspoor ;  and  this  distance  prevents  any 
profitable  workinff.'  Coal  has  only  been  raised  from  one  seam,  that  at  Burkoi.  Since 
I860  one  ooUiery  has  been  held  on  lease ;  but  little  has  been  done. 

15.  Ckanda.'-ThB  existence  of  coal  has  been  proved  by  bonng,  in  the  Wurdah 
Vall^,  and  on  the  opposite  side  of  the  river.'  One  or  two  sinkings  have  been  com- 
menced. 

16.  J&to.— Near  Eota,  on  the  Godaverr,  ooal  has  been  more  than  once  reported, 

17.  C^^— The  ooal  occurring  at  Cutch  affixrds  no  hopes  of  proving  valuable. 

18.  Sdnde. — ^There  is  eoal ;  but  <  as  a  source  of  ftiel  it  was  utterly  worthless.' 

19.  8aU  Banff$,^Th9  Salt  Bangs  may,  therefoire,  in  my  opinion  be  zcjeoted  from 
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all  calculation  *  of  the  ayailable  sapplies  of  good  coal  in  India,  excepting  fbir  immediately 
local  demands,  and  for  such  common  pnrixMes  as  this  inferior  coal  may  suit' 

20.  Murr$e,  jv, — ^Patdiea  of  coal  and  lignite  only. 

21.  Dar^MZtn^.— Goal-bearing  rocks  near  Ponkabaree,  at  the  foot  of  the  IHugeeling 
Hills,  and  nests  of  coal  and  lignite. 

22.  Jssam.'^At  Terap  a  minimum  thickness  of  5  feet.of  dean  bright  coal  was  seen. 
At  Kamchik,  a  tributary  of  the  J)eehing,  within  200  feet  in  length,  8  thick  beds  of 
ffood  sound  coal  were  seen ;  one  of  them  8  feet  in  thickness.  At  Jaipur  a  seam  of  17 
feetoocnrs,  of  which  lOfeetisagoodcoaL  Several  other  seams  exist ;  but  fi>om  the 
inaccessible  nature  of  the  country  it  is  not  possible  to  obtain  an  approximate  idea  of 
the  amount  of  tael  available.  'It  can,  however,  be  unhesitatingly  asserted  that  this 
amount  is  very  laige  and  most  valuable*' 

23.  Kkoii  JSROc— Good  ooal  occurs,  especially  well  adapted  for  making  gas. 
Professor  Oldham  estimates  the  available  coal  of  the  Ehasi  Mis  at  8,000,000  tons. 
'It  is  not  improbable  that  double  this  quantity  will  prove  to  be  near  the  true 
amount' 

24.  Coal-measures  exist  in  the  GaroEUh;  but  the  Geological  Survey  fiiiled  to  find 
anycoaL  At  (26)  C^Aor  small  pocketo  of  coal  occur.  Similarsamplesoccur  at  (26) 
ChUtagang.    jui  the  island  of  (27)  Chedvba  a  lignite  is  met  with. 

28.  Bunndk.—lji  British  Burmah  no  workable  coal  is  known  to  occur.  In  I^hpper 
Burmah  some  irregular  beds  of  inferior  coal  were  examined  by  Br.  Oldham.  *Th^ 
hold  out  no  prospect  of  supplying  anything  more  than  a  very  IocaI  and  limited  demaitaa, 
and  even  this  with  inferior  ftaud.' 

89.  TaMM9$Hm, — '  Beds  of  coal  near  Meigui,  in  the  Tenasserim  Provinces,  were 
examined  bv  Prof.  Oldham  in  1864.  They  hold  out  littie  prospect  of  afibrding  a  huge 
supply,  while  the  ooid  is  of  inferior  quality,' 


Coaj>UtfioUofMia,vnikihelrJrm$ande9t^^ 

Tlacen 

OoelsTMln 

Squaieicaei 

oosiz«maining 

Tbos 

1.  Bigmahal  HiUs   .... 

... 

... 

400 

14,000,000,000 

8.  Kurhurbffl  . 

10 

168,000,000 

4.  Jherria 

200 

466,000,000 

6.  Bokaro 

100 

1,600,000,000 

6.  Bamgurii 

80 

8,000,000 

7.  Hoharo  and . 

460 

Unknown. 

Karumpoora 

120 

Do. 

8.  Eetooora 

... 

Do. 

0.  P^damow     . 

,, 

Da 

10.  Singrowlie  . 

„ 

Do. 

11.  Upper  Sone 

12.  BxLtBOO 

„ 

Do. 

„ 

Do. 

18.  Talcher 

1 

0 

Do. 

14.  Pench  Biver 

,, 

Do. 

16.  Chanda 

•• 

Do. 

16.  Kota  • 

„ 

Do. 

17.  Cutch  . 

,, 

•  Do. 

18.  Sdnde. 

„ 

Da 

19.  SaltBange  . 

„ 

Da 

20.  Munee 

,, 

Da 

21.  Daijeeling  . 

„ 

Da 

22.  Assam 

., 

Da 

28.  Khasi Hills. 

,, 

6,000.000? 

24.  Gaio  Hills  . 

,, 

Unknown. 

26.  Cachar 

,, 

Do, 

27!  Cheduba      .' 

•• 

Do. 
Do. 

28.  Burmah 

,, 

Da 

29.  Tenasserim  . 

•• 

Do. 

Estimated  total  quantit 
areas  estimated  a 

vofc 
K)ve 

oalii 

iihe-\ 

1,820 

16,142,000,000 
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Aeoorditig  to  the  Beport  by  Dr.  Oldham,  the  Aflsam  coal-field  must  be  regarded  as 
the  most  important  amon^t  those  of  which  the  coal  areas  camiot  be  satufactorilj 
ascertained.  The  inaccessible  nature  of  the  country  renders  it  impossible  to  obtain 
an  approximation  to  the  value  of  its  coal-formations ;  and  ftom  its  situation,  supposing 
some  local  industiy  leads  eventually  to  the  development  of  its  native  resources,  tho 
coal  of  Assam  can  never  come  into  competition  with  the  Aiel  of  other  countries, 

7%e  Production  qf  Coal  in  India  from  1858  to  1866. 
Compfled  from  Dr.  Oldham's  Beport. 


iro-of 

Col- 

UtflM 

QoarrtN 

185S 

1859 

I860 

1861 

1862 

1863 

1864 

1865 

1866 

Bjxwmxnsam, 
BlngiranValk^ 

W.*oftlieflSlduid 
otben     .       . 

Bnhmini  Nnddi 
BansMNnddi    . 
GoonukniNnddi. 
N.W.cCHiUs    . 
Kuduubsli 
Palsmow    .       . 
KhMlasnd  Jyn. 
tesh.       .      . 
BingrowttB    and 

Sdnde,      Qsmah 

Yslky     • 
8sHBan0B.       . 

33 

11 
18 
6 

9 

7 
7 
8 
8 

1 
1 

3 

» 

1 

48 

81 
36 
16 

16 

11 
7 

4 
4 
7 

4 

Tons 
83,330 
181,119 
17,064 
9,906 

36,836 

8,000 
1,000 
8,708 
8,708 
148 
148 

868 

868 

•• 

Tbns 
86,994 
173,697 
31^ 
11,748 

83,086 

81,333 
8,588 
5,550 
1,500 
4,006 
1,061 

1,038 

1,088 

1,680 

Tods 
80,793 
171,361 
17,848 
10,643 

84,061 

45,317 
8,000 
9,565 

39,m 

10498 

M44 
1,444 

Tons 

88,060 

158,883 

467 

80,148 

S>7 

9*766 

596 
185 

Tkms 

106491 

166,737 

8,786 

80,683 

i;641 

10^ 
1,631 

481 

Ttos 

104,333 

184,778 

7,106 

18,858 

41,649 

"ll 
'940 

359 

•  • 

7 

Tons 
114,561 
168,888 
11,649 
30,417 

84,807 

148 
*860 

Tons 
134463 
163,531 

14,317 
9,546 

9,869 

Mio 

Tons 
169,818 
190,766 
17,845 
11,601 

10,704 

1,108 

•  • 
540 

Coal  raided  in  India,    The  original  returns  are  given  in  Bengal  maunds«40  seers 
each  a  2,057  lbs.    These  have  been  brou^^t  into  the  English  statute  tons :~ 


Yean 

Ani&dlA 

FrodnoioC 
Bengal 

Prodnotionof 

other  parts  than 

Bengal 

Ttos 

Tbns 

TdM 

1858 

288,241 

1859 

874,379 

368,960 

5,419 

1860 

374,998 

373,633 

2,365 

1861 

289,120 

288,836 

784 

1862 

820,142 

319,660 

482 

1868 

354,208 

352,036 

2,167 

1864 

385,788 

334,533 

1,250 

1865 

327,517 

326,312 

1,205 

1866 

401.279 

399,630 

1,649 

The  above  figures  show  that  within  the  last  nine  years  but  litUe  progress  has  been 
made  in  the  development  of  the  coal-fields  of  India.  The  coal-fields  of  Bengal  are 
the  only  ones  which  have  been  worked  in  anything  approaching  to  a  systematic  plan, 
and  even  in  these  there  appears  to  have  bemi  a  want  of  any  wi^  regulated  method. 
There  can  be  no  doubt  that,  if  there  should  spring  up  a  large  demand  for  native  coal, 
there  would  speedilv  be  an  increased  production  of  it.  Still,  sinee  1861,  we  have 
given  us  by  Ihr.  Ol&am,  from  the  East  Indian  Bailwa/s  Deputy  Agent,  a  return  of 
the  coal  used  on  that  line,  which  is  as  follows: — 


1861 
1862 
1863 
1864 
1865 
1866 


Tons  Tons 

36,711,  leaving  of  coal  raised  in  Bengal  251,625  for  other 

45,544  „  „  274,116 

68,063  „  „  283,973 

99,868  „  „  254.665 

104,739  „  „  221,578 

188,188  „  „  211,497 


I^m  this  we  see  that  as  the  loeomotives  of  the  railway  have  been  burning  more 
Indian  eoal,  tho  increased  supply  from  tho  Bengal  collieries  has  not  kept  pace  with 
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the  demand,  and  in  each  year  sinoe  1863  there  haB  been  a  steady  deduie  in  the 
qnanti^  of  nadye  ooal  left  to  meet  the  zequirements  of  the  country. 

Dr.  Oldham  tells  xm,  *  That  dmiiig  the  last  eight  years  there  has  been  an  aggregate 
consumption  of  coal  supplied  for  Benigal  alone  and  the  port  of  Calcutta,  of  more  Uian 
3,000,000  tons,  of  whidi  about  eight-ninths  were  raised  in  India,  and  about  one-ninth 
imported ;  that  there  has  on  the  whole  been  but  little  increase  in  the  demand  for  coal 
during  that  period.' 

Coal  of  India, 


Yean 

Coal  raised  in 

Ooal  raised 
in  Bengal 

CkMl  imported 
intoCUcotta 

Total  cooeamptlon 
lorBengd 

Ifamub 

HMnds 

liannds 

Mam* 

1858 

61,62,819 

61,62,928 

1869 

99,61,928 

99,61,928 

12,29,160 

1,11,91,088 

1860 

1,00,88,113 

1,00,88,113 

4,96,585 

1,06,84,698 

1861 

78,06,252 

77,85,085 

12,85,203 

90,70,288 

1862 

86,48,843 

86,30,848 

6,76,687 

93,07,630 

1868 

95,12,174 

95,04,976 

10,36,408 

1,05,41,382 

1864 

90,46.147 

90,32,405 

18,18,132 

1,08,60,637 

1865 

88,37.953 

88,10,426 

16,16,143 

1,04,26,668 

1866 

1,08,34,551 

1,07,90,036 

9,14,427 

1,17,04,462 

1867 

1,18.61,031 

1,18,47,178 

11,46,734 

1,29,93,912 

1868 

1,35,62,274 

1,34,66,829» 

19,28,591 

1,53,94,420 

*  Tbe  prodooe  of  AsBsm  is  indoded  In  this. 

In  Oude  no  ooal  is  known  to  occur.  In  the  Pu^aub  no  ooal  is  known  to  ooeor, 
if  we  except  as  above,  in  the  North-western  Provinces,  the  patches  of  lignite  which 
have  been  found  in  several  localities  along  the  base  of  the  outer  £Bmalaya,  as  well  as 
in  the  Salt  Bange. 

In  Scinde  the  only  coal  raised  was  that  of  Synah  Yalley,  as  given  above,  but  the 
irregularity  and  the  smaJl  extent  of  this  deposit  has  caused  it  to  be  abandoned.  It 
was,  in  fact,  an  irregular  patch  of  Uffnite, 

In  Bombay  no  coaJ  is  Imown  to  occur.  In  Hyderabad  none.  In  Naffpore  a  small 
coal-field  is  Imown  near  to  Muret,  on  the  border  of  the  Nerbndda  Distriet,  which 
may,  in  fact,  be  c(msidered  a  continuation  (although  actually  separated)  of  the 
Nerbudda  deposits.    The  coal  is  not  now  economised. 

In  Madras  no  ooal  is  Imown.  Goal  has  been  more  than  once  stated  to  occur  on 
the  Godaveiy,  or  some  of  its  feeders,  and  even  very  recently ;  but  as  yet  nothing  but 
black  shales,  which  will  not  support  combustion,  and  which  are,  in  aU  probalolity, 
of  a  totally  di£ferent  age  firom  the  coal-bearing  rocks  of  India,  have  been  met  with. 

Mr.  Theo.  W.  H.  Hughes  in  the  Becords  of  the  Qeol<M;ical  Survey  of  India,  gives  the 
foUowing  estimate  of  the  area  of  the  Indian  coal-fields.  He  adds  to  it  a  general 
statement  of  other  coal  aieas,  vhich  is  retained,  as  it  tonishes  nmch  infi»matbn  : — 


owwhiohooaliooki 

maybepnramedto 

extend 

BanaxkB 

India        •  .     • 
United  States    . 

86,000 
600,000 

I%is  mileaffeia  made  upas  JoUom: 
Qod&vazi  arua  (including  its  affluents)  11,000 

Son 8.000 

Sizg^'&h  and  Gangp6r  area               .    4,600 
Assam       ......    3,000 

DamMa 2,000 

B&jmah&l  area 300 

Unsurveyed  and  unoomputed  areas     .    2,700 

Square  miles.                .  86,000 

The  productive  area  of  coal  is  much  less. 

Professor  Hitchcock  estimates  the  area  of 

the  true  carboniferous  qrBtem  at  280,669 

square  miles. 
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Area  in  square  miles 

^ 

Fbiocs 

over  which  ooal  rocks 

may  be  preeomed  to 

extend 

Bemarks 

China 

400,000 

This  estimate  is  not  thoronghly  reliable,  but 
it  is  certain  that  there  is  an  enormous  coal- 
bearing  area  in  China. 

Australia  . 

240.000 

In  New  South  Wales  the  coal  area  is  said  to 

be  120,000  square  miles.  In  Queensland  the 
same  area  is  supposed  to  exist. 

Britiflli  America. 

18,000 

Great  Britain     . 

12,000 

Mr.  Hull  gives  5,431  square  miles  as  being 
stored  with  ooal  to  the  depth  of  4,000  feet. 

Spain 

8,000 

This  estimate  is  Tague ;  some  authorities  give 

Japan 
Germany  . 

6,000 
8,000 

4,000  square  miles,  others  2,000. 

By  Germany  is  meant  all  the  German-speak- 

ing proTinces,  except  those  under  Austrian 

France 

2,400 

Austria      . 

2,0QP 

Some  of  the  Austrian  bvowu  ooals  approach 

Belginm    . 

620 

' 

Trinidad    . 

818 

Borneo 

The  coal  of  Labuan  is  reported  to  be  of  good 
quality,  and  Tory  £ur  coal  oocurs  in  the 
Saraimc  country. 

Brazil 

... 

There  are  large  coal-fields  in  this  splendid 

country. 
There  is  coal  in  this  aS  in  so  many  other 

Cape  Colonies    . 

... 

dependencies  of  the  English  Crown. 

Denmark  . 

... 

Only  a  small  quantity  of  coal  is  raised  in  the 
island  of  Bomhohn. 

FaUdand  Islands 

..•                ... 

These  islands  contain  coal. 

Greece 

...                ..• 

Lignites  have  been  worked  at  Kound. 

... 

The  coal  of  this  country  is  said  to  bo  creta- 

New Zealand     . 

... 

ceous. 
The  calculated  amount  of  coal  in  New  Zealand 
is  4,000,000,000  tons. 

Persia 

•••               ... 

A  large  area  of  coal  is  said  to  occur. 

Portugal    . 



A  small  coal-field  exists  near  the  mouth  of 
theDouro. 

Siimbesi    . 

... 

This  ooal  was  brought  to  light  by  Liyingstone. 
Some  coal,  said  to  be  Zanzibar  coal,  was 

Zanribar    . 

...                ... 

analysed  by  Mr.  Tween,  of  the  Geological 

matter  30*41,  moisture  4  per  cent.,  ash  27*2 

mlOO. 

Nbw  SoirrR  Waiju. — ^Bunning  down  the  rivers  Bremer  and  Brisbane  to  the  town  of 
Brisbane,  numerous  outcrops  of  coal  may^  be  seen  in  the  banks.  Several  works  are 
situated  about  half  way  between  Ipswich  and  Brisbane.  This  coal  is  of  mudl 
importance  to  the  steam  navigation  of  Moreton  Bay.  In  the  parish  of  Maggil 
several  oollieries  are  established.  *  The  coal  varies  £rom  five  to  rax  feet  in  thickness, 
dipping  south  forty  deorees  east,  angle  firom  seven  to  eight  degrees,  although  not 
worked  to  its  whole  thiekness,  excepting  where  they  wanted  head  room  for  the 
"horse  way.**  The  main  coal  separates  from  the  top  ooal  at  about  four  feet;  the 
two  feet  cf  the  top  coal  is  good,  but  mixed  with  a.  small  quantity  of  earUu'-— 
Shtchbury. 

The  following  Table  (p.  866)  will  show  the  number  and  condition  of  the  collieries 
of  New  South  Wales.  The  Newcasde  district  produces  a  good  bituminous  ooe^  useful 
for  steam  and  household  purposes,  and  also  splint  and  cannel.  The  Southa^  tUstriei 
yields  a  semi-bituminous  variety  o^  good  qu^ity ;  and  from  the  American  creek  id 
that  district  an  abundance  of  petroleum  is  obtained.  The  WesUm  di^rioi  gives  ar 
superior  splint  coal,  and  oil  shales  in  abundance. 

Vol.  I.  3K 
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lAit  of  OotKerUt  cmA  Kmttau  and  Shah  JUmet  in  New  South  Waki,  wUh  the  Nmbtr 
ofF»rtoiu  mnjioyei,  and  QuantUg  o/Minmd  railed,  in  1869. 


Uhm 

Froprleton 

Tons  of 
Goal 
raised 

Tons  of 

OQ-ooal 

and  Shale 

raised 

No.  of 
employed 

Bsmaxki 

1.  Batdude  .      .      . 

3.  Bnrwood  .       .      . 

8.  Himni     .       .       . 

4.  NewLambton. 

5.  WalUend .       .       . 

6.  Lambtan .       .       . 

7.  Wamtah  .       .       . 

8.  Go-opentivecQlBflnr 

9.  BarkGreek     .      . 

10.  Bnndsland      .       . 

11.  Notts' InganeegeMn 

13.  lOtGheU'sSeam      . 
18.  BattOabaPit  .       . 

14.  Stonqr  Greek   .      . 
U.Aii?ll  Greek    .      . 

16.BU^Graek     .       . 

17.  Bom  WoUongong  . 

18.  Osborne,  Wallsend. 

19.  ICoont  Pleasant      . 

30.  America  Greek 

33.  America  Greek 

38.  West  Keroeene  Goal 

Mine. 
84.  Hartley      Kerosene 

Goal  Mine. 

AnsiraUa   Agrlonl. 

tnral  Oompany. 
Tmsteesofl^Jiat- 

Ditto     .       .       . 
Wansend  Goal  Go.  . 
SootttihandAnstra- 

Uan  Mining  Go. 
WarotahGoalGo.  . 
Laidkrr,      Ireland, 

and  Company. 
Wm.  Steel      .       . 

A.Tn]ip.       .       . 
Mr.Nott.       .       . 

JohnlfitcheQ.       . 
Mr.  Tanks      . 

ftankBoaeU.      . 

Wm.Vtethlng 

Jai.BIIiott     .      . 

BnlliGoalGompany 

The    Hon.   James 

Byrnes. 
Jolm  Graham . 

M.LazkinandGo.. 

JobnOfaham.       . 

Western  Kerosene 
OUGompany. 

Hartley  Kerosene 
OnandPetcolemn 
Goal  Gompany. 

On-ooalanddiale  . 

Total  ooal  and  oa-) 
shale  .       .       .1 

168A08 

3,980 

18,538 
100,850 
154,000 
158,868 

137,184 
44,000 

800 

500 
8,366 

aoo 

900 
14,400 

1,900 

64,000 
16,677 
17,014 

1,800 

100 

}   ;; 

3,076 
8,000 

1,800 

876 
13 

837 

830 
357 

385 

180 

1 

8 
18 

18 
3 

4 
80 

6 

90 
35 
35 

1 

4 

10 
13 

7 

Worked  only   about 

(W^inpidjlag  «w- 
SropUed  to  steamer  at 

VoT   Maitlaad     gaa- 

works. 
Local    oonsaBptkm, 

Maitfamdand  eari- 

rons. 

steam  ooal,  qiUnty 

tmnntkl. 

Eorsnppty  of  Ongfe- 
ton. 

Fartheon-dbatofnr- 

naoe. 
Searoely  In  working 

ovtor. 

Vor  kerosene  oO. 
Ditto. 

VoT  kerosene  oa  and 
supply  of  gaswocka. 

918,346 
6,376 

6,376 

3,013 

019,083 

3,013 

In  1872  there  were  20  collieriea  raising  coal,  and  8  raising  petroleum  oil,  cannel 
oil,  and  shale. 

In  the  Newcastle  District  7  collieries   . 

Anvil  Creek,  Stony  and  Four  Mile  Greek 

District  4  collieries 
Mnrmmndi  District  1  colliery  . 
niawana  District  6  collieries    . 
liithgow  Valley  District  8  collieries  . 
Kew  South  Wales  Shale  Oil  Co. 


Ttons 

Yalne 

g  868,716 

£78,661 

24,082 

4,440 

800 

600 

123,681 

48.780 

6,221 

1,656 

8,000 

24,000 

Total  Ooal  and  Oil  Shale 


1,019,960         163,046 


QoBBKSLAifD  in  1868  exported  4,228  tons.  Hie  produce  of  the  collieries  being  in 
186i,  14,212  tons;  in  1862,  24,067  tons;  and  in  1868,  2,400  tons. 

Mr.  R  Daintree,  in  his  *  Notes  on  the  Geolqgy  of  the  Colony  of  Qneettlaiid,'  has 
the  following  remarks  on  the  coal  of  that  colony : — 

*  Up  to  the  present  time,  within  all  the  area  occupied  hy  Carbonaceous  Mesoaoic 
Strata,  only  the  Maryborough  beds  have  yielded  fossil  remains  other  than  plants.  Op 
the  tributaries  of  the  Condamine,  Brisbane,  and  Mary  rivers,  where  numerous  coal- 
seams  are  known  to  exist,  several  of  which  have  been  and  are  worked,  the  plant 
remains  are  of  the  same  character/  Mr.  Daintree  then  gives  a  list  of  the  foorilB  horn 
the  Tivoli  coal-mine,  and  then  proceeds  :— 
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*  The  Bnzrnm.  ooal-aeains,  worked  for  some  time  on  a  braiidi  of  the  Mary  riTor,  lie 
below  the  Maryboroiigh  C^riDa-Sandfltonee.  .  .  .  Baza  of  ooal  are  a  marked 
feature  in  these  Meeozoic  lacoatiine  beds.  .  .  .  The  appearance  of  these  lacus- 
trine coal-measnres  differs  in  a  very  mariced  manner  from  their  supposed  marine 
repreeentatiyes  to  the  westward.  Coarse  grits  and  thick-bedded  sandstones  form  the 
minority  of  the  strata,  thongh  shalee,  sandstones,  and  limestones  are  interstratified 
thronghont  the  system. 

•'^^lilst  the  afiSnitiee  d  the  southern  ooal-field  of  Queensland  are  Mesoeoic,  a 
northem  field  of  even  larger  extent  has  a  distinct  faxma  more  resembling  the  Falseoeoic 
carboniferous  of  Eorope.  .  •  .  The  Bawson,  Comet,  McEenzie,  and  Bowen  riTers 
drain  this  Carboniferous  area,  and  numerous  outcrops  of  coal  have  been  observed  on 
these  streams.  No  commercial  use,  however,  has  yet  been  made  of  any  of  them,  as 
the  coal-measures,  generally,  are  too  &r  inland  to  be  made  available  until  the  railway- 
system  of  the  country  is  extended  in  that  direction.' 

Nbw  Zbaulnd. — ^The  hydrous  coal-measures  (lignite)  lie  on  the  eastern  slopes  of 
the  axial  rocks  in  both  of  the  islands  of  Kew  Ze^and.  This  coal  is  of  a  brown 
colour,  but  hard  and  glossy,  and  frequently  contains  a  quantity  of  fossil  resin,  which 
greatly  facilitates  its  combustion.  It  is  in  the  locality  a  valuable  f^el,  and  is  largely 
used  both  for  domestic  purposes  and  for  raising  steam.  It  is  also  applied  to  the 
manufactore  of  bricks  and  pottery,  and  for  other  economic  purposes.  The  beet  known 
deposits  of  this  coal  in  the  Korth  Island  are  those  mined  at  Drory,  twenty  miles  to 
the  south  of  the  city  of  Auckland.  Seams  of  this  coal,  varying  from  6  to  15  feet  in 
thickness,  occur  at  mtervals  over  a  lar^e  area  of  country.  In  the  South  Mand  the 
total  quantity  of  this  coal  has  been  estmiated  at  100,000,000  tons.  Two  mines  have 
been  opened  on  this  field.  The  Clutha  mine  is  on  the  sea*  coasts  about  three  miles 
firom  the  mouth  of  Clutha  river.  The  other  mine  is  in  the  vicinity  of  Tokomairo. 
The  seam  is  9  feet  thick,  and  worked  by  a  level  in  the  side  of  a  hill. 

In  1864  the  quantity  of  coal  produced  £rom  the  mines  in  this  district  was  about 
4,000  tons. 

Ankudraw  coal, — ^The  most  important  development  of  the  coal-seams  of  this  class 
is  on  the  west  coast  of  the  South  Island.  At  Preservation  Inlet,  in  the  province  of 
Otago,  and  at  various  points  on  the  coast,  the  same  formation  occurs,  but  without 
any  valuable  seams  of  coal,  as  far  as  we  yet  Imow,  until  the  Qrey  ziver  is  reached. 

At  Grey  river  the  coal  extends  over  an  area  which  Dr.  Haast  has  estimated  at  15 
miles  in  length  by  6  in  width.  *  At  present  (1866)  the  output  of  the  coal  is  from  250 
to  SOO  tons  per  week,  and  is  taken  down  tiie  nvor  in  canoes  and  in  16-ton  barges, 
and  delivered  alongside  the  vessels  at  40«.  per  ton.  It  has  been  used  to  a  large  ex- 
tent on  board  the  steam-vessels  that  frequent  the  coast,  and  gives  great  saii^action. 
A  small  quantity  of  this  coal  is  also  rep(xrted  to  have  been  tried  in  the  Dunedin  gas- 
works, and  to  have  yielded  a  large  quantity  of  illuminating  gas.' 

In  the  immediate  neighbourhooa  of  the  Buller  river  uie  existence  of  workable 
coal-seams  is  considered  certain  over  an  area  of  at  least  15  square  miles.  Beckoning 
none  of  the  seams  having  a  less  thickness  than  five  feet,  there  is  a  total  of  38  feet  ^ 
pure  coal,  and  the  quantity  available  in  this  one  locality  has  been  estimated  at 
200,000,000  tons.  The  following  summary  of  the  anhydrous  ooal  is  given  in  the  report 
by  Mr.  Stafford  to  Lord  Carnarvon: — 


Locality 

QnalityofOoal 

ThiokneBSof  Seam 

WouDsd  by 

2.  Buller  Eiver    . 

Superior 

25  feet 

Levelfree 

88    „ 

Do. 

8.  West  Wanganui      . 

Kedium 

8    „ 

Uncertain 

4.  Fakawau. 

Do. 

Uncertain 

Do. 

5*  Aorere     •        .        * 

Superior 

Do. 

Levelfree 

6.  Batten  Biver   . 

Medium 

Do. 

Do. 

7.  Wangapeka     . 

Do. 

Do. 

Do. 

8.  Wangarei 

Inferior 

6  feet 

Do. 

9.  Kawa-kawa     . 

Superior 

18    „ 

Shaft 

Japan.— The  following  are  the  only  available  notes  on  the  coal-fields  of  Jajpaa :— 
ItoanaL  Tomaei, — ^A  bed  of  coal  from  four  to  six  feet  in  thickness,  oonsisting  of 
very  good  biiuminous  coal,  in  places  very  pure,  in  others  intermixed  with  slate,  which 
is  easily  separated  from  it.  The  coal-mines  lie  two  miles  inland  from  a  village 
called  Kaianotna,  some  seven  miles  across  the  bay.  Four  seams  of  coal  have  been 
discovered :  2  are  from  4  feet  to  6  feet  thick,  1  is  about  1  foot  Uiidc,  1  not  vet  examined. 
Seventy-nine  pounds  of  coal  burnt  in  the  galley  fire  <tf  IB^Migesty's  ship  'Salamis,' 
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■under  the  flu^rintendence  of  the  chief  engineer,  yielded  17'27  per  cent,  of  ash,  1*6 
per  cent,  of  chnker,  an  average  yolome  of  smoke,  and  a  strong  durable  flame.  Hie 
probable  cost  of  the  coal  delivered  would  be  four  dollars  the  ton  on  the  spot ;  freight 
to  Hakodate  would  be  three  dollars  the  ton,  and  to  Yokohama  or  Nagasaki  six  dollars 
the  ton. 

Coal'fidd  near  the  Port  of  Hiogo.—^Ssa  Harry  S.  Parkes  commimicatos  (1867)  to 
the  Foreisn  Office  particulars  of  *  another  coal-field  in  the  immediate  vicinity  of  the 
port  of  Hiogo,*  from  Mr.  Frederick  W.  Sutton,  Chief  En^eer  of  H.M.S.  *  Serpent.' 

The  coal  is  of  tertiary  formation,  and  it  crops  out  in  a  number  of  places  on  the 
sides  of  a  low  range  of  hills,  about  six  miles  to  the  westward  of  ffiogo.  These  beds 
have  been  occasionally  worked  by  the  natives.  In  February  1867,  80  men  were  em- 
ployed, and  up  to  May  they  had  obtained  more  than  170  tons  of  coaL  Mr.  Sutton 
says, '  the  best  coal  brought  out  in  my  presence  was  quite  equal  to  Tdkamima  (Kacasaki) 
coal.    It  is  not  of  exactly  the  same  description,  but  more  of  an  anthracite  kind. 

There  is  no  evidence  of  the  value  of  this  coal,  and  evidently  the  statement  of  the 
coal  being  of  the  tertiary  age  and  of '  anthracite  kind  *  wants  consisteni^. 

At  a  meeting  of  the  Geological  Society  of  London,  April  14, 1869,  a  paper  was  read 
*  On  the  Coal-mines  at  Kaianoma,  in  the  island  of  Yezo,'  by  F.  0.  Adorns,  Esq.,  Hon. 
Secretary  of  Legation  in  Japan :  communicated  by  the  Secretary  of  State  for  Foraign 
Afbirs. 

The  writer  states  that  the  works  at  Kaianoma  have  made  considerable  progprees 
once  they  were  reported  upon  by  Mr.  Mitford  last  year.  There  are  four  seams  of 
coal,  each  about  seven  feet  thick,  from  50  to  100  feet  apart  A  tunnel  has  been 
driven  through  one  of  the  seams  for  a  distance  of  between  150  and  250  feet,  and  at 
an  elevation  of  480  feet  above  the  sea.  From  this  the  coal  obtained  is  carried  down 
to  the  shore  on  the  backs  of  men,  mules,  and  ponies.  The  writer  adds,  that  there  is 
abundance  of  coal '  of  the  cannel  description.* 

At  the  end  of  1870,  aooordinff  to  the  'Nagasaki  Gasette,'  the  coal  from  Takasima, 
whidi  has  long  been  known  to  be  a  good  coS,  was  ordered  to  be  used  by  all  steamers 
in  the  Japanese  waters.  The  export  of  coal  from  Nagasaki  has  not  increased  of  late, 
but  this  is  referable  to  the  want  of  ships  to  take  it  away.  1,174  tons  have  beoi 
shipped  for,  and  several  vessels  were  engaged  in  taldng  coal  to  China. 

The  Netherlands  Trading  Company  are  using  the  utmost  energy  in  their  efforts  to 
develope  tiiis  coal.  These  mines  are  managed  by  an  English  mining  engineer, 
Mr.  !EWerick  Potter.  A  large  quantity  of  machinery,  tools,  &c  have  be«n  sent  out 
from  England,  and  a  large  steamer  has  been  purchased  for  the  entire  use  of  the 
collieries. 

The  following  information  has  recentiy  (1874)  been  received  from  the  colliery  of 
Takasima : — *  Our  coal  fossils  here  are  oobtic  We  have  none  of  the  coal-measure 
flora,  but  great  stumps  of  trees,  which  the  Japanese  call  "  matgHT  the  name  fSor  Scotch 
fir,  and  which  are  no  doubt  coniferous  woods.  These  hard  stumps  of  trees  give  us 
great  trouble  in  our  working,  it  beine  impossible  to  cut  through  them  with  the  pick. 
Only  the  islands  are  coal-measures,  t£e  main  land  being  day-slate  with  syenite  ridges; 
and  above  the  clay-slate,  greenstone  of  the  same  age  probably  as  the  slate.  We  are 
now  (December  1873)  getting  850  tons  a  day,  but  are  very  short  of  men.' 

BoBNBO. — ^In  the  province  of  Labuan,  on  tiie  UOTth-west  coast,  there  is  abundance  of 
coal  of  good  quality.  The  seam  is  generally  9  feet  in  thiekneflB.  The  coal  found  here 
bums  fast,  and  emits  a  bright  flame ;  it  soon  acquires  a  red  heat,  and  continues  in 
that  state  until  it  smoulders  into  a  white  ash,  like  that  of  wood;  there  is  not  mudi 
smoke  from  it.  For  several  years  past  the  coal-mines  of  Mo%ra  have  ceased  to  bo 
worked. 

Chika. — There  appears  to  be  much  good  coal  in  China,  It  is  procured  from  a 
mine  on  the  river  xang-tse-kiang,  about  400  miles  from  its  mouth ;  of  the  other  coal- 
producing  districts  we  know  littie. 

Consul  Braune  in  his  report  to  Sir  F.  Bruce,  says,  writing  from  Tamsuy,  January 
21,  1864 :  *  It  is  to  the  coal-mines  of  Kelung  that  we  must  look  to  the  future  proe- 
perity  of  this  place  as  a  port  of  trade ;  a  dep6t  has  been  alr^y  established  there  by 
a  large  firm  to  supply  their  own  steamer,  running  on  the  co^t'    . 

In  1863  there  were  en)orted  from  the  port  of  Tamsuy,  in  British  vessels,  10301 
piculs  of  133  lbs.  avoirdupois  ;  in  foreign  vessels,  1,259,152  cotties  of  1}  lb.  avoir- 
dupois ;  also  from  the  port  of  l^en-tsin,  180  tons,  value  1,800  taels,  of  6«.  4^.  eadu 

Mr.  Consul  Mongans  report  for  1864  on  the  trade  of  Tien-tsin,  says;  'I  allude 
to  coal,  extensive  nunes  of  which  exist  in  the  mountains  to  the  north  and  west  of 
Peking.  It  costs  about  169.  per  ton  at  the  pit*8  mouth,  and  more  than  double  this 
amount  per  ton  is  paid  for  transport  to  the  coast ;  but  the  mines  are  worked  in  the 
Tudest  way,  and  the  little  coal  which  finds  its  way  from  the  western  range  of  l^en- 
tsin  is  conveyed  on  mules  and  camels  from  the  mountains  to  Tang-chow  on  the  Beibo^ 
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and  thence  down  the  river  in  boats  to  thia  port  From  the  minea  in  the  northern  range, 
there  is  -water  oommnnication  of  an  indifi^rent  kind  to  Tien-tsin,  bnt  the  quality  of 
their  ooal  is  mnoh  inferior  to  that  which  comes  from  the  western  mountains. 

At  the  meeting  of  the  British  Association  at  Bradford  (1873)  Baron  Ton  Bichthofen 
read  a  paper  '  On  the  Distribution  of  Coal  in  China.'  The  Baron  has  devoted  several 
years  to  the  investinttion  of  the  geology,  products,  and  resources  of  the  interior  pro- 
vinces of  China,  and  has  traversed  the  whole  country,  with  the  exception  of  the  south- 
western portions.  He  stated,  as  the  result  of  his  researches,  that  China  exhibits  the 
great  peealiarity  of  containing  no  geological  formation  later  than  the  Triassic ;  all  the 
great  secondary  deposits,  from  the  lias  to  the  chalk,  and  all  the  Tertiary  series  being 
absent.  It»  has,  therefore,  been  dry  land  throughout  the  whole  period  of  these  later 
formations ;  and  to  this  peculiarity  are  owing  the  stupendous  results  of  sub-aerial 
denudation  which  it  furnishes ;  among  which  are  the  deep  narrow  gorges  which  its 
rivers  have  eroded  nearly  up  to  their  sources,  the  rarity  of  cataracts  and  rapids,  and 
the  removal  of  rocks  overlying  the  great  coal-beds.  The  coal  strata  belonged  to 
various  geological  epochs,  from  the  Silurian  upwards ;  but  by  far  the  greater  portion 
belonged  to  the  same  formation  as  the  coal  of  Europe  and  North  America,  viz.,  the 
Carboniferous.  The  coal-beds  were  denosited  around  mountains  of  metamorphic  and 
primary  rocks  which  then  constituted  the  land,  and  have  lain  horizontally,  with  little 
disturbance,  ever  since  that  remote  epoch.  The  deep  ravines  worn  by  the  rivers  cut 
through  these  coal-bearing  strata,  and  lay  them  bare  on  the  precipitous  sides;  so  that 
the  c^  is  easily  accessible  on  the  banks  of  the  great  streams.  The  author  proceeded 
to  describe  the  extent  of  the  coal  in  each  province,  beginning  with  Southern  Manchuria 
and  terminating  with  Honan.  In  Manchuria  the  coal  is  confined  to  valleys  in  the 
hilly  parts,  and  is  not  readily  accessible  to  foreign  commerce;  it  is  accompanied, 
however,  by  an  abundance  of  rich  iron  ore,  which  at  some  future  date  may  be  worked 
with  immense  advantage  to  the  country.  Coal  exists  further  west  all  along  the  Great 
Wall ;  and  there  are  beds  95  feet  thick  near  Peking,  in  which  city  it  is  the  fuel  in 
universal  use ;  but  it  is  an  error  to  suppose,  as  some  have  done,  that  the  high  hills 
round  Peking  consist  of  coal-measures ;  coal  is  found  only  in  limited  valleys  at  a 
great  elevation.  The  coal  of  Shantung,  although  not  situated  near  good  harbours,  is 
Sie  most  accessible  of  aXL  Chinese  ooal  from  the  sea.  It  exists  also  in  the  other  maritime 
provinces,  but  in  districts  offering  much  fewer  facilities.  The  greatest  of  all  the  coal 
districts  is  in  the  west  and  north-west ;  at  the  southern  foot  <^  the  great  mountain 
range  (the  eastern  continuation  of  the  Kuen-Lun),  which  here  stretches  across  Western 
China.  In  Sze-chuen  coal  occupies  an  area  of  100,000  square  miles.  At  the  centre 
of  this  vast  basin  the  coal  is  bad  and  inaccessible,  but  round  its  borders  it  is  of 
excellent  quality,  and  near  means  of  communication  by  water,  although  too  distant 
firom  the  sea  to  be  available  to  foreigners.  The  whole  surface  of  NorSiem  China  is 
covered  by  rich  yellow  earth,  or  loess,  to  a  depth  often  of  1,000  and  2,000  feet,  which 
overlies  all  the  coal-fields.  The  great  plain  of  China  is  bordered  on  the  west  by  a 
vast  limestone  wall,  2,000  to  3,000  feet  high,  on  the  top  of  which  extends  a  plateau 
of  coal  in  a  state  of  excellent  preservation,  owing  to  its  capping  of  hard  limestone 
which  has  resisted  denudation.  There  are  here  30,000  sqoare  miles  of  coal-bearing 
ground  of  the  very  best  quality,  in  which  the  coal-beds  lie  perfectly  horizontal,  80 
feet  thick,  for  a  length  of  200  miles.  They  extend  westward  into  Shensi  and  Eansu, 
and  are  reported  by  all  travellers  to  continue  beyond  the  frontier  of  China  hx  into 
Mongolia.  Coal  costs  here,  at  the  pit-mouth,  7d,  per  ton,  and  the  wages  of  miners 
are  6d,  per  day.  The  Baron  believed  that  the  readiest  way  of  getting  at  this  vast 
coal-field  from  Europe  was  by  a  railway  from  Bi  and  Ku^ja,  in  Bussian  territory,  to 
the  north-western  comer  of  Eansu. 

SoTTTH  Afbican  Coai<-fibld. — For  the  following  account  we  are  indebted  to  the 
G^eographical  Beport  on  the  Stormberg  coal-field,  made  by  Mr.  K  J.  Dunn,  to  the 
Governor  of  Cape  Town: — 

*  In  proceeding  northward  from  Port  Elizabeth  to  Dassyklip  on  Bushman's  Biver  the 
beds  crossed  appear  to  be  of  secondary  age  (Sunday  Biver  Beds)  covered  by  tertiary  and 
post-tertiaiy  deposits,  comprising  calcareous  beds,  beds  of  red  day,  and  beds  of  day 
conglomerate.  At  Dassyklip  hard  sandstone  and  quartz  rock  crop  out.  This  series 
18  passed  at  a  distance  of  six  miles  north  of  Graham's  Town.  Between  Eatberg  and 
Winchelsea  beds  of  shale  occur,  and  extensive  dykes  of  dolerite  traverse  the  country : 
most  of  the  surrounding  hills  have  a  capping  of  igneous  rock.  These  series  of  beds 
continue  as  far  as  the  Stormberg  Mountains  and  from  the  base  of  that  range  4,900 
Ibet  above  the  sea  leveL  Above  this,  and  forming  the  coal-measures,  are  the  sand- 
stones, shales,  &c  of  which  the  Stormberg  Bangs  consists.  The  coal-m^ures  are 
composed  of  beds  of  sandstone,  usually  very  thick,  brown,  grey,  or  white,  in  colour^ 
frequently  showing  no  traces  of  lamination  through  many  feet  in  thidmees. 

'  Sheets  and  dykes  of  igneous  rock  are  of  frequent  occoxxenoe  over  the  irb/ciid  azea 
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ooenpied  hy  the  coal-measures.  The  general  dip  of  the  eoal-measuMS  is  dig^ifely 
to  the  north-east,  bat  modified  by  the  action  of  intmsiye  to<^' 

From  the  localities  opened,  the  Government  Beporter  is  enabled  to  give  the  desoip- 
tion  of  the  condition  of  the  coal-field  from  which  the  following  abstract  has  been  ma^ 
At  Vice's  workings  a  shait  is  snnk  to  a  depth  of  70  feet  It  cots  the  coal  at  4 1  feet.  The 
seam  consists  of  alternate  layers  of  coal  and  shale  to  a  thickness  of  3  feet  7  inches. 
Of  coal  there  are  25  inches.  The  lower  seam  18  inches  thick  is  of  poor  quality.  The 
middle  one  9  inches  thick  is  much  superior,  while  the  top  8^  inches  is  very  in&rior. 

The  coal  is  firm  and  hard,  breaking  out  in  good-sized  blocks  that  do  not  readily 
break  up  in  transport.  It  is  laminated,  splitting  into  thin  layers ;  the  £m»8  of  tho 
layers  are  of  a  dull,  earthy  black  colour,  while  t£e  edges  are  lustrous.  When  burnt  a 
good  heat  is  given  out,  and  the  fire  bums  for  a  long  time.  The  cinder  is,  however, 
very  considerable,  and  retains  the  form  of  the  fuel  when  first  ignited.  It  does  not 
&11  into  an  ash.  When  burnt  in  a  steam-engine  or  where  a  strong  heat  is  induced,  the 
result  forms  a  pasty  cinder. 

Hattingh's  workings  are  about  one  mile  to  the  south-east  of  Vice's  shaft,  situate  on 
the  same  seam.  Of  coal  there  are  24^  inches,  with  8  partings  of  shale  (15  inches)  between 
the  4  layers.    The  third  seam  from  the  bottom,  6^  inches  thick,  is  the  best  in  quality. 

At  Ejipok  Eraal,  about  seven  miles  to  the  sonth-«ast  o£  Burg^ersdorp  there  are 
28  inches  of  coal  in  4  seams,  distributed  through  about  16  feet  of  shale,  on  the  opposite 
side  of  the  valley  dose  to  a  neck  where  a  trial  has  been  made  by  means  of  a  small 
shaft,  there  are  two  seams,  one  16  inches,  then  2  feet  of  shale  and  9  inches  of  ooaL 
Buckley's  drive  is  opposite  and  about  800  feet  above  the  hotel  at  the  base  of  Bush- 
man's Hoek.  The  outcrop  of  coal  and  shale  is  of  very  inferior  quality,  and  about 
8}  feet  thick.  About  nine  miles  eastward  from  Dordrecht  a  seam  of  coal  occurs  8 
inches  thick  at  November's  Kraal,  Tambookie  Location.  All  the  appearances  are 
fisivourable  to  the  presence  of  coal  in  this  neighbourhood  and  throughout  the  district. 
Besides  the  above  localities,  the  seam  worked  by  T^ce  and  Hattingh  can  be  traced  for 
miles  along  the  hill  sides.  Numerous  other  outcrops  are  known,  but  they  are  not 
opened  out. 

"Mr,  Dunn  says : — '  There  can  be  little  doubt  that  more  extensive  deposits,  and 
probably  superior  quality  of  coal,  will  be  found  farther  north  and  north-eastward  (in 
Basutoland  and  Kf^land  Proper,  extending  towards  Natal). 

For  the  Heating  Power  of  British  coal,  see  Fdbl.    For  Coal  Mining,  see  Monarew 

OOAZi  BXA8S.  This  name  is  given  to  the  iron  pyrites  {bisulpkide  of  iron),  found 
in  the  coal-measures,  and  which  are  employed  in  Yorkshire,  and  on  the  Tyne  in  the 
manufacture  of  copperas — ^the  protosulphate  of  iron — and  also  in  the  alkali  woricj^ 
for  the  sulphur  they  contain.    See  Sttlphub  Obbs. 

Qlie  iron  ores  called  Brass,  occurring  in  the  coal-measures  of  South  Wales,  were 
particularly  described  by  R  Chambers  Nicholson  and  I>avid  S.  Price,  Ph.  D.,  F.CSw, 
at  the  meeting  of  the  British  Association  at  Glasgow.  Their  remarks  and  analyaes 
were  as  follow : — 

*  There  are  three  kinds  of  ores  to  which  the  name  brass  is  applied ;  they  are  ocm- 
sidered  to  be  an  inferior  class  of  ore,  and  are  even  rejected  by  some  iron-masters. 
One  is  compact,  heavy,  and  black,  from  the  admixture  or  coaly  matter,  and  exhiUts, 
when  broken,  a  coarsely  pisiform  fracture.  A  second  is  compact  and  crystalline^  not 
unlike  the  darkest-coloured  mountain  limestone  <^  South  Wi^es  in  appeanmoe.  Hie 
third  is  similar  in  structure  to  the  first-named  variety ;  the  granules,  consisting  of  iron 
pvrites,  are  mixed  with  coaly  matter,  and  cemented  together  by  a  mineral  siUMtanos, 
similar  in  composition  to  the  foregoing  ores.  It  is  from  the  yellow  oolour  of  this 
variety  that  the  name  brass  has  been  assigned  to  the  ores  by  the  miners. 

'  The  ores  have  respectively  the  following  composition : — 


I 

n 

in 

Carbonate  of  iron   . 

68-71 

59-78 

17-74 

Carbonate  of  manganese 

0-42 

0-87 

Carbonate  of  lime   . 

9-86 

11-80 

14-19 

Carbonate  of  magnesia 

11-80 

1515 

12i>6 

Iron  pyrites    . 
Phos^oric  acid 

0-22 

trace 

49-72 

0-17 

0-28 

Coaly  matter  . 

8-87 

9-80 

6-10 

CHay      . 

.•• 

2-70 

99-55 

100-18 

99-81 
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'  '  It  11  JKonaotanxy  to  aUnde  to  the  thizd  variety  ae  an  iron-makiiig  material ;  its 
eoloQZ  adinite  of  its  being  at  all  times  sepaiated  from  the  others.  The  pjrites  which 
it  contains,  ire  may  remai^  is  bisniphniet  of  iron. 

'It  is  to  the  ores  I.  and  IL  that  we  wonld  direct  attention.  The  reason  of  their 
having  hitherto  been  ocmipazatively  disregarded  may  be  attributed  either  to  their 
having  been  mistaken  for  the  soWled  brass  of  coal,  or  to  their  being  difficult  to  work 
in  the  blast-Aimaee  in  the  ordinary  manner,  thronfth  the  belief  that  they  were  similar 
in  oonstitation  to  the  argillaoeons  ores  of  the  district  It  will  be  seen  fiom  the  above 
analyses  that  they  are  varieties  of  spathic  iron  ore,  in  which  the  man^neee  has  been 
replaced  by  other  bases.  If  treated  jndidoasly,  they  would  smelt  with  fiftdlity  and 
aabid  an  iron  equal  to  that  produced  from  the  argillaceous  ores.  From  the  large 
amount  of  lime  and  magnesia  which  they  contain,  their  employment  must  be  advan- 
tageous in  an  economic  point  of  view. 

*  An  interesting  feature  in  these  ores  is  their  fiudbili^  during  calcination  on  the 
large  scale.  When  this  process  is  conducted  in  heaps,  the  centre  portions  are  invari- 
ably melted.  This,  considering  the  almost  entire  absence  of  silica,  is  aimaiently  an 
unexpected  result.  The  fhsed  mass  is  entirely  magnetic  and  crystalline.  Treated  with 
adds,  it  dissolves  with  great  evolution  of  heat 
The  following  is  its  composition : — 

Protoxide  of  iron 88*28 

Seequiozide  of  iron 82*60 

Protoxide  of  manganese 0*88 

lime 12*84 

Magnesia 18*87 

Phosphoric  acid 0*17 

Sulphur 0*28 

Silicic  acid 1*20 

Alumina 0*51 

99*98 

'From  the  above  anal^is,  it  is  probable  that  the  fnribility  of  the  compouna  is 
owing  to  the  magnetic  oxide  of  iron  acting  the  part  of  an  add.  When  thoroughly 
calcined  and  unfm^ed,  the  ores  retain  their  original  form ;  and  if  exposed  to  the  air  for 
aoy  length  of  time  crumble  to  powder  from  the  absorption  of  water  by  the  alkaline 
earths.'  

OOAXi  CU'lU'lM  O  KACBIirBS.  SceBoBiKoandMACHiifEsvoBOoALOnTXNa. 

OOA&  OA8.  See  Gas. 
'  OOBAXiT.  {Symbol,  Co ;  Atomic  weight,  29*5.)  little  is  known  of  the  properties 
of  this  substance  in  the  metallic  state,  as  it  has  not  hitherto  been  employed  as  such 
in  the  arts,  and  has  only  been  obtained  in  a  state  of  purity  in  small  quantities  by 
delicate  operations  in  the  laboratory.  Like  the  allied  metals,  nickel,  iron,  manganese, 
and  ^lii'ftTniTim,  it  may  be  obtained  in  a  dark  coloured  pulverulent  state  by  heating  its 
oxide  to  redness,  in  a  current  of  hydrogen,  or  in  a  compact  button,  by  effecting  the 
reduction  with  carbon  at  the  highest  temperature  obtainable  in  an  air  fdmace.  Prepared 
in  the  last-mentioned  way  it  is  a  brilliant  white,  or  slightly  reddish  metal,  less  fusible 
thui  nickel  or  iron,  but  more  so  than  rhTomium.  It  is  deddedly  masnetic,  coming 
next  in  the  scale  to  iron.  If  carbon  be  present  in  excess,  a  portion  oomEines  with  the 
reducMod  metal,  forming  a  compound  analogous  to  castpiron.  It  may  be  obtained 
melted,  in  a  perfectly  pure  state,  by  heating  oxalate  of  cobalt  in  a  dosely-oovered 
crudble,  to  a  strong  white  heat,  when  the  oxide  of  cobalt  is  reduced  by  the  carbon 
of  the  oxalic  add,  thus:  CoO.(70'bCo+2CO'.  Acoording  to  the  older  observers, 
it  is  very  brittle,  but  Deville  states  that  pure  cobalt  is  extremely  tenacious,  even  to 
a  higher  degree  than  iron.  The  specific  gravity  is  8*5.  It  forms  a  brittle  alloy  with 
iron.  Quite  recently  metaUio  cobalt  has  been  prepared  on  a  commercial  scale  in 
Germany,  and  is  said  to  be  used  as  such  in  certain  new  alloys. 

Obbs  of  Ck>BALT. — ^The  number  of  minerols  containing  cobalt  is  but  small,  and 
they  are  restricted  to  a  very  few  localities.  The  following  are  the  most  important 
spedes: — 

1.  SmdUine,  Tm-whUe  Cobalt^  Speiss  CobaU  (Co,  Fe,  Ni)  As.  (Oo»  Ve*  «1)  As*. 
This  is  of  a  steel  or  lead-grey  colour,  and  metallic  lustre,  crystalliabig  in  the  cubical 
system.  The  hardness  is  about  that  of  felspar.  Sp.  gr.  6*5  to  7*2.  According  as 
one  or  other  of  the  three  bases  prevails,  three  simple  types  of  composition  may 
be  deduced,  as  follow  :— 

L  OoAs  (OoAs*)aOobalt,  28*2;  Arsenic,  71*8  per  cent  Soeiss  eobaU,  OnhioB]. 

ILHiA.(»UU.)-Kickel28.8j       ..       7^7   ..     ..  {^^iSSUwSm^ 
in.reA«(»eAa»)-Iroii,     272;       „       72-8   „     „     LSUbigUt  „ 
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The  Tarieties  I.  and  IL  occur  in  oonsidezable  qnantitiefi  at  Schneebeig,  in  Saxony, 
associated  with  silver,  copper,  and  other  pyritic  ores,  quartz  and  homstone  replacing 
sulphate  of  baryta,  fluor,  and  spathic  carbonates ;  also  at  Riechelsdorf,  in  Hesse ;  in 
Bohemia,  Sweden,  and  in  a  few  localities  in  the  United  States.  They  have  also  been 
found  in  Cornwall;  among  other  places,  at  Wheal  Spamon,  and  Saint  Austell 
Consols.  The  nearest  natural  mineral  in  approach  to  type  No.  L  contains  about 
23  per  cent,  of  cobalt ;  as  a  rule,  however,  the  nickeliferous  varieties  are  the  more 
common.  The  predominance  of  one  or  other  metal  may  be  determined  by  exposing 
the  specimens  to  damp  air,  when  a  green  crust  of  arsenate  of  nickel  forms  on  the 
Tarieties  in  which  nickel  is  most  abundant,  while  a  pink  incrustation  is  i)roduced  on 
those  richest  in  cobalt.  Type  No.  III.  is  the  mineral  Imown  as  arsenical  pyrites, 
which,  in  reality,  often  contains  a  little  cobalt,  and  is  treated  as  a  cobalt  ore. 

2.  Cobaltine,  Grey  Cobalt,  Bright  White  Cobalt,  or  Cobalt  Glance  (CoS^  +  CoAs) 
(CoS'  +  OoAs')di&rs  from  Spcdss  cobalt  chiefly  by  having  part  of  the  arsenic 
replaced  by  sulphur.  It  ciystallises  in  the  cubical  system  in  forms  similar  to  tiiose 
of  iron  pyrites,  is  of  a  white  colour,  with  a  slightly  bronze-red  tinge,  and  a  brilliant 
metallic  lustre.  Its  hardness  is  less  than  that  of  felspar,  and  specific  gravity  about  6. 
The  typical  composition  is :  cobalt,  35*6  per  cent ;  arsenic,  45*2  per  cent. ;  sulphur, 
19*3  per  cent.  The  purest  natural  varieties  contain  about  88  ^  cent,  of  cobalt; 
these  occur  in  Sweden.  At  Siegen,  in  Bhenish  Prussia,  a  variety  is  found  containing 
only  8  or  9  per  cent  of  iron,  forming  three  quarters,  of  the  whole  amount  of  bases 
present    Unlike  the  preceding  species,  it  does  not  contain  nickel. 

8.  Linnaite  or  Cobalt  FprUes, — ^This,  although  cpfstallising  in  the  cubical 
system,  is  analogous  in  composition  to  copper  pyrites,  being  represented  by  the  for- 
mula CoS+ Co'S'  (OoS  +  Go's'),  with  58  per  cent  cobalt  and  42  per  cent  sulphur : 
part  of  the  base  in  either  term  may  be  replaced  by  copper,  nickel,  or  iron.  It  is  the 
richest  of  all  cobalt  ores,  some  varieties  containing  as  much  as  53^  per  cent  of  that 
substance.  It  is,  however,  rare,  being  found  to  a  small  extent  only  in  the  Siegen 
district,  and  in  Sweden. 

Among  the  products  of  the  alteration  of  the  above  minerals,  are— 4.  Cobalt  Bloom, 
of  the  composition  8CoO  AsO*  +  8H0  (Oo'AsHM + aK*0)  with  37i  per  cent  of  oxide 
of  cobalt:  and  5.  Earthy  Cobalt  Ore,  a  variety  of  the  substance  Imown  as  Wad  or 
'Sog  Manganese,  which  at  times  contains  as  much  as  15  or  20  per  cent  of  the  same 
oxide,  together  with  the  oxides  of  iron,  manganese,  and  copper.  6.  CobalOo  Biemmth 
Ore,  is  a  finely  crystalline  mixture  of  Speiss  cobalt  and  bismuth-glance,  found  occa- 
sionallv  in  the  Schneeberg  ^strict,  containing  10  per  cent  cobalt  and  4  per  cent 
bismuth.  The  ores  of  cobalt,  as  they  come  into  the  hands  of  the  smelter,  are,  as 
a  rule,  so  much  mixed  up  with  those  of  nickel,  that  they  are  worked  for  both  metals. 

SeeNicssL. 

The  use  of  cobalt  in  the  arts  is 
mainly  confined  to  the  production 
of  glaisses  coloured  blue  by  oxide 
of  cobalt  which,  when  finely  pul- 
verised and  levigated,  are  used 
as  pigments  under  the  name  of 
amdts.  Oxide  of  cobalt  in  a  pure 
state,  is  also  prepared,  to  a  certain 
extent,  for  the  use  of  porcelain 
manufacturers.  The  first  point  to 
be  considered,  therefore,  is  the 
production  of  the  oxide,  and  next 
the  flision  with  a  sufficient  quan- 
tity of  siliceous  matter.  Earthy 
cobalt  ore  may  be  used  in  tlie 
ftision  process,  without  any  further 
preparation;  but  those  that  con- 
tain sulphur  and  arsenic  must  be 
48(  subjectea  to  a  preliminary  calci- 

nation.   Fiff,  484  is  a  honxontal, 
and  fig,  485  a  vertical  section  of 
the  rosating  furnace  employed  for 
this  purpose  in  the  Baxxm  smalt 
I    works.      The  fire-grate  is  placed 
on  one  side  of  the  hearth,  whidi 
is  of  irregular  form,  being  about  six  feet  in  breadth  at  the  f^irther  end  of  the  fdmaoe^ 
diminishing  to  27  inches  at  the  working  door.    Wood  is  the  fiiel  employed.    The 
arBenioal  yapoors  ^y^n  off  during  roasting,  pass  out  through  the  openings,  a,  a,  by  a 
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0VBt«m  of  fiaes,  b,  b,  in  the  direction  shown  by  the  urowa,  into  a  ebamber  -where 
they  are  deposited,  and  may  be  subsequently  nsed  in  the  mann&ctnre  of  arsenical 
products.  The  charge  is  from  8  to  5  cwts. ;  the  degree  to  which  the  roasting  is 
carried  varies  with  the  oompoeition  of  the  ores.  "V^en  many  foreign  met^  are 
present,  they  must  not  be  roasted  '  dead '  or  '  sweet,'  but  sufficient  arsenic  or  sulphur 
must  be  left  to  form  with  the  less  ozidisable  metals,  more  especially  copper  and 
nickel,  a  speiss  or  regulus  which  separates  from  the  blue  glass  produced  in  the  fusion 
process,  and  subsides  to  the  bottom  of  the  melting  pot  The  oxides  of  those  metals 
that  are  more  easily  oxidisable  than  cobalt,  such  as  iron  and  bismuth,  may  be  partially 
removed  by  an  addition  of  metallic  arsenic  in  the  fosion,  whereby  the  latter  oadde  is 
reduced  and  passes  into  the  speiss  with  the  production  of  arsenious  acid,  which  tends 
to  heighten  the  colours  produced.  Earthy  cobalt  ores  containing  much  iron,  require 
an  edition  of  arsenious  acid,  in  order  to  convert  the  protoxide  dT  iron,  which  has  a 
strong  colouring  power,  into  peroxide,  which  is  of  less  consequence.  In  some  works, 
the  roasting  is  p^ormed  in  muffle  furnaces,  the  hearth  being  heated  from  below,  so 
that  the  ore  does  not  come  into  contact  with  the  flame.  Ores  oontaining  bismuth  are 
subjected  to  the  process  of  liquation  previously  to  roasting. 

when  the  ores  are  very  impure, 
or  when  it  is  wished  to  proiluce  .    486 

very  deep   blue  colours,  they  are  

subjected  to  the  process  of  concen- 
tration. Common  ores,  and  those 
that  are  rich  in  copper,  are  first 
slightiy  roasted,  and  then  ftised  in 
crucibles  in  the  smalt  furnace  de- 
scribed below,  with  broken  glass 
fragments,  charcoal  dust,  and  car- 
bonate of  potash.  When  the  mix- 
ture is  in  a  state  of  complete 
fusion,  the  slag  is  partly  removed 
at  intervals,  and  fresh  quantities 
of  ore  are  added,  until  a  sufficient 
quantity  of  speiss  is  produced.  In 
this  process,  the  oxiaes  of  iron  and 
copper  in  the  ore  form  an  easily 
fusible  slag  with  the  glass,  while 

the  cobalt  is  reduced  by  the  char-  487 

coal  to  the  metallic  state,  and  unites 
with  the  arsenic  to  form  a  speiss. 
If  the  roasting  is  carried  too  far, 
or  if  there  is  an  insufficiency  of 
arsenic  or  of  reducing  matters  in 
the  mixture,  a  certain  amount  of 
oxide  of  cobalt  will  be  taken  up 
by  the  slag.  The  concentrated 
speiss  produced  is  then  pulverised 
and  roasted  'sweet,*  leaving  a 
nearly  pure  basic  arsenate  of  oxide 
of  cobalt. 

The  smalt  furnace,  figs^  486  and 
487,  is  similar  in  construction  to 
that  used  for  melting  flint  glass. 
The    flre-place,  in  which  wood  is 
burnt,    is    a    long    narrow    rect- 
angular chamber,  with  a  vaulted  floor  perforated  by  draught  holes,  rf,  rf ;  <?,  the  lower 
chamber,  is  the  ash-^it;   the  flame  passes  through  the  hole,  a,  into  the  melting 
chamber  above,  which  is  a  low  domed  structure,  containing  six  melting  pots ;/,/,/, 
are  the  working  doors,— they  are  faced  with  cast-iron  frames  in  the  ordinary  way. 
The  waste  flame,  after  heating  the  pots,  paases  through  the  small  flues,  i,  t,  into  a 
system  of  chambers,  where  it  is  employed  in  the  accessory  operations  of  calcining 
quarts,  or  drying  wood  for  fueL    A,  A,  are  arches  through  which  the  pots  are  inserted 
or  removed, — they  are  built  up  when  the  furnace  is  at  work.    At «,  «,  «,  are  small 
holes,  corresponding  with  similar  ones  in  the  pots,  for  removing  the  speiss  formed 
during  the  fusion.    The  charge  consists  of  roasted  ore,  with  from  1  to  16  timet 
its  weight  of  quarts  previously  calcined  and  reduced  to  a  fine  powder,  and  carbonate 
of  potash  to  the  extent  of  about  fths  or  Jths  of  the  amount  of  the  quarts.    Each 
pot  contains  about  3  cwts.;  the  f^on  takes  place  at  a  low  temperatoret  the  gUun 
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being  firaqnently  stined  with  an  iron  rod  in  Older  to  iMida 
when  this  point  is  attained,  the  stirring  is  disoontinned,  and  the  speiss  is  aUowed  to 
settle.  In  6  or  8  hours,  the  g^ass  is  siSOdently  finid,  and  it  is  then  ladled  oat  with 
iron  ladles,  and  thrown  into  water.  After  the  contents  of  two  pots  hare  been 
removed,  the  working  doors  are  doeed,  and  the  flre  is  urged  for  some  time,  in  order  to 
bring  the  contents  of  the  remaining  pots  which  have  somewhat  cooled  down  to  a 
proper  degree  of  finiditj. 

Grinding  the  anudU, — ^The  bine  glass,  rendered  brittle  by  sadden  cooling,  is  stamped 
or  cmshed,  sifted,  and  ground  wet»  under  hard  stones.  The  finely-divided  glaas 
from  the  mill  is  then  passed  through  a  system  of  washinff-vats ;  the  flnt  three  give  a 
coarse  sand  which  is  usually  returned  to  the  mill  for  fbrttier  grinding,  the  finer  slime 
is  allowed  only  a  few  minutes  to  deposit  in  No.  4,  about  a  quarter  of  an  hour  in  No. 
6,  then  it  filters  more  slowly  through  Na  0,  and  finally  into  a  slime-pit,  where  the 
whole  of  the  suspended  matter  is  depooted.  The  da^est  coloured  smalts,  Imown  as 
Km^a  blue  or  agwre,  are  found  in  vats  Nos.  4  and  5.  No.  6  gives  the  lighter  coloured 
tub  smalta.  The  pale  blue  powder  from  the  slime-pit  is  mostly  returned  to  the  melting 
fhmace. 

SiO.*     APO".   VeO.     Ooa   KOandN>0. 

L  Norwegian  high  coloured  .  70*9  0*4  0*8  6*6  21*4  fwith  some  car- 
n.  German  pale  odoored .       .    72*1      1*8      1*4      2*0       20*0  \bonateof  lime. 

Smalt  is  therefore  a  kind  of  g^ass  odoured  b^  oxide  of  cobalt  One  part  of  oxide 
of  cobalt  communicates  a  distinctly  bluish  tinge  to  240  parts  of  glass ;  with  more 
than  18  per  cent  the  glass  becomes  black.  la  practice  a  potash-glass  is  always 
employed,  and  hence  snialt  mav  be  regarded  as  a  doable  silicate  of  potash,  and  prot- 
oxide of  cobalt  Soda  cannot  be  substituted  for  the  potash,  as  it  produces  an  in&rior 
cobur,  and  the  same  remark  ap^es  to  some  other  oxides.  The  following  are  the 
principal  facts  observed  with  regard  to  the  influence  of  the  oxides  of  other  metals 
on  the  colour  of  smalts.  Baryta  height^ens  the  tone,  giving  an  indigo  tinge ;  soda, 
lime,  and  magneeia,  have  a  decidedlv  lowering  effect,  and  produce  a  reddisu  shade ; 
alumina  has  no  eSect  on  the  purity  of  the  colour,  but  lowers  its  intensity ;  iron  pro- 
duces a  blackish-green  dull  tinge,  which  is  very  prejudicial  to  the  hi^er  coloured 
varieties ;  manganese  communicates  a  violet  shade,  as  does  also  mcM,  but  in  a  modi 
higher  degree.  Copper,  sine,  bismuth,  and  aniimongft  all  give  a  dull  dirty  shades 
especially  to  the  higher  colours.  Oxide  of  lead  has  no  ef&ct  on  the  colour,  but  as  it 
increases  the  specific  gravity  of  the  glass,  and  causes  the  ground  smalts  to  subside 
too  rapidly  in  the  washing  vats,  producing  an  incomplete  separation,  its  presence  in 
the  mixture  is  not  desirable. 

In  commerce,  smalts  are  classified  both  according  to  their  contents  in  cobalfc»  and 
the  size  of  the  grain,  Uie  following  being  the  chief  marks : — 

F.C.  Fine  colour.  F.O.B.  Fine  Bohemian  colour.  FJB.  Fine  EseheL 

H.O.  Middling  colour.    M.C.B.  Middling  Bohemian  colour.    'M'.'P!  Middling  T^Ji«J. 
0.0.  Ordinary  colour.     O.O.B.  Ordinary  Bohemian  colour.     OJS.  Ordinary  EseheL 

In  the  above  scheme,  the  words  fine,  middling,  and  ordinary,  indicate  the  relative 
ouantitiee  in  cobalt  while  colour,  Bohemian  colour,  and  Esehel,  express  the  elate  of 
division.  The  two  former  are  composed  of  angular  fra^ents,  while  the  latter  are 
the  finest-rounded  grains  deposited  in  the  lowest  washing  vats  and  the  slime-pits. 
Smalts  that  are  darker  in  colour  than  F.  are  indicated  by  multiples  of  that  letter, 
the  highest  being  FFFFO ;  while,  on  the  other  hand,  those  that  are  lower  than  O  are 
distinguished  by  exponents  following  the  second  letter,  thus  00*,  00*  contain  respec- 
tively only  \  and  j-  as  much  cobalt  as  0.0. 

Zaffire,  or  Safflor,  is  the  name  given  to  a  mixture  of  roasted  ore  and  quartz,  similar, 
in  fact  to  that  employed  in  smalt-making,  but  without  potash.  It  is  used  either  for 
pottery  purposes,  or  for  bringing  up  the  colour  in  smalts  made  from  low-classed  ores. 

Formerly  smalts  were  used  to  a  ^eat  extent  in  colouring  paper,  but  at  present 
artificial  ultramarine  is  almost  excluovely  used  for  this  purpose  (see  ULTBAXABms). 

For  an  account  of  the  method  of  assaying  cobalt  ores,  see  Nickil. 

The  imports  of  cobalt  can  no  longer  be  given ;  the  Oustom-house  authoritieB  now 
returning  the  cobalt  ores  as  '  Ores  unenumerated.' 

OOBA&T  8&OOII*  Hydrous  arsenate  of  Oobalt  commonly  occurang  as  a 
peach-blossom  coloured  incrustation  on  arsenical  ores  of  cobalt  U  is  also  found  in 
crimson  or  peach-red  crystals,  and  is  known  minerak^cally  as  Ergthrime,  When 
abundant  it  is  used  in  the  preparation  of  cobalt  ooloazs.    See  Oobalt. 

OOmA&T  B&VB,  or  Thinard^s  Blue,  is  prepared  by  predpitating  a  sohitian 
d  ralphate  or  nitrate  of  oobalt  by  phoephate  of  potash,  and  addwg  to  ue  leBultisg 
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golatiiK>ii0  deposit  from  thrae  to  four  timei  its  Tohune  of  frethlj-deporited  afamtiiift. 
obtained  hv  the  addition  of  carbonate  of  soda  to  a  solution  of  common  alnm.  Tfna 
mixture,  after  being  well  dried,  calcined,  and  ground,  affords  a  blue  pigment. 

OOBAXiT  83BOVZB.  A  violet-coloured  substance,  -with  strong  metallic  lustre. 
It  consists  of  phosphate  of  protoxide  of  cobalt,  and  phosphate  of  ammonia. 

008A&T«  BAJtTBT.  A  piotoxide  of  cobalt  mux  oxide  of  manganese,  from 
Saalfeld,  in  Thuringia. 

008AST  muuroa.    A  synonym  for  cobaltine.    See  Cobalt. 

CM>BAXiT  QIMMMKf  or  Binmann*s  Qreen,  This  pigment  is  a  compound  of  oxide 
of  cobalt  and  oxide  of  zinc  It  is  prepared  by  mixing  a  solution  of  sulphate  of  adnc 
-with  a  salt  of  protoxide  of  cobalt,  and  precipitating  -with  carbonate  of  soda ;  the 
precipitate  is  then  -washed,  dried,  and  heated. 

OOBAXiT  0VBZ88.  A  substance  obtained  in  the  preparation  of  smalts,  and 
consisting  chiefly  of  arsenide  of  nickel,  derived  from  the  nickel  associated  inth  the 
cobalt  ore.    The  speiss  is  used  in  the  manu&cture  of  nickeL 

OOBA£T  UMPBimffAmTM,    Th^nard's  Blue.    See  Oobalt  Blxjx. 

CM>BA&T  Tax&Olir.  An  orange-yellow  pigment  precipitated  from  an  acidified 
solution  of  nitrate  of  protoxide  of  cobalt  by  means  of  nitrate  of  potash. 

CM>OA.  The  leaves  of  EnfihroxvUm  eoea;  mixed  with  burnt  lime  they  are 
chewed  by  the  natives  in  parts  ot  South  America.    See  Eetthboxtlon  Coca. 

OOOCJO&OBUB.  (lOiaeot,  a  berxy ;  Ko$6s,  a  pod.)  The  Cooeclobus  itnifera,  or 
seaside  grape,  is  a  tree  about  twen^  feet  in  heignt,  with  leaves  of  a  glossy  green 
colour — ^the  nerves  beinff  a  deep  red.  The  fruit  is  in  bunches,  and  is  eaten  in  the 
West  Indies,  llie  wood  yields  a  red  colouring  matter,  which  is  used  for  a  djre ;  and 
the  wood  itself^  which  is  naid,  is  employed  in  cabinet  woric  A  decoction  of  tlus  plant 
is  evaporated  to  form  a  substance  known  as  Jamaica  Elno. 

OOOCnnbUS  ZXl>ZCnni«  or  Indian  beny,  is  the  fmit  of  the  Jnandria  paniculata^ 
a  la]|;e'tree,  which  grows  upon  the  coasts  of  Malabar,  Oeylon,  &o.,  and  belongs  to  the 
MmitMrmacem  or  Moon-seed  order.  The  fruit  is  blackish,  and  of  the  size  of  a  laige 
pea.  It  owes  its  narcotic  and  poisonous  qualitieB  to  the  vegeto-alkaline  chemioBkl 
principle  called  pierotoxia,  of  which  it  contains  about  one-fiftieth  part  of  its  weight.  It 
IB  sometimes  thrown  into  waters  to  intoxicate  or  kill  fishes ;  and  it  is  said  to  have 
been  employed  to  increase  the  inebriating  qualitites  of  ale  or  beer.  Its  use  for  this 
purpose  IS  prohibited  by  Act  of  Parliament,  under  a  penalty  of  200/.  upon  the  brewer, 
and  500/.  upon  the  seller  of  the  drug. 

However,  Dr.  Pereira  states, '  I  am  not  acquainted  with  any  official  returns  of  the 
quantity  annually  brought  over.  From  a  dn^gist's  private  books  I  find  that  in  1834 
above  2,500  bags  entered — and  this  probably  is  much  below  the  quantity  imported. 
The  greater  part  is  consumed  for  illegal  practices — principally  for  adult^ting'beer 
and  Se.'  M!orrice,  in  his  treatise  on  brewing,  directs  that  in  the  manufactare  of 
porter,  three  pounds  of  Coecultu  tncUeus  should  be  added  to  every  ten  quarters  of  malt. 
'  It  gives,'  says  he, '  an  inebriating  quality,  which  passes  for  strength  of  liquor ; '  and 
he  ^ds,  *  that  it  prevents  the  second  fermentation  in  bottled  beer,  and  consequently 
the  bursting  of  the  bottles  in  warm  climates.' 

The  Editor  of  this  work  had  a  fluid  extract,  the  name  of  which  was  unknown  to 
the  Custom-house  officers,  submitted  to  him  some  years  since.  This  was  an  extract 
of  this  deleterious  drug,  of  which  a  very  laige  quantity  was  then  in  the  London 
docks. 

The  powder  of  the  berries  mixed  with  lard  is  used  to  destroy  pediculi :  hence  the 
C^ermans  call  those  grains  LSusekomert  or  lotiaMrain$. 

OOOBnrBAJb.  (CocheniUe,  Er. ;  KoehmiHe,  Ger.)  Cochineal  was  flrst  taken 
for  a  seed,  but  was  proved  by  Leeuwenhoeck  to  be  an  insect,  the  female  of  that  species 
of  shield-louse,  or  coccus,  discovered  in  Mexico  so  long  ago  as  1518.  It  is  brought  to 
us  from  Mexico,  where  the  animal  lives  upon  the  Cactus  opuntia  or  Nopal.  Two  sorts  of 
codiineal  are  gathered :  the  wild  from  me  woods,  <^ed  by  the  Spanish  name  Grana 
ailifestra;  and  the  cultivated,  or  the  Grana  fina,  termed  also  Mest^ue,  from  the  name 
of  a  Mexican  province.  The  flrst  is  smaller,  and  covered  with  a  cottony  down,  which 
increases  its  bulk  with  a  matter  xiseless  in  dyeing ;  it  yields,  therefore,  in  equal  weight, 
much  less  colour,  and  is  of  inferior  price  to  that  of  the  flne  cochineaL  But  these  dis- 
advantages are  compensated  in  some  measure  to  the  growers  by  its  being  reared  more 
easily  and  less  expensively;  partly  by  the  efibct  of  its  down,  which  enables  it  better 
to  resist  rains  and  storms. 

The  wild  cochineal,  when  it  is  bred  upon  the  field  nopal,  loses  in  part  the  tenacity 
and  quality  of  its  cotton,  and  acquires  a  size  double  d  what  it  nas  on  the  wild 
opuntias.  It  may,  therefore,  be  hoped  that  it  will  be  improved  by  persevering  care  in 
the  rearing  of  it,  when  it  will  approach  more  and  more  to  fine  cochineaL 

The  fine  cochineal,  when  well  dried  and  well  preserved,  should  have  a  grey  colour 
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bozdfizing  on  pniple.  The  grey  is  owing  to  the  powder  whidi  natorally  eorers  the 
insects,  of  which  a  little  adheres,  and  to  a  waxy  fat.  The  pnrple  shade  arises  from 
the  colour  estracted  by  the  water  in  which  they  were  killed.  The  grain  is  wrinkled 
with  parallel  farrows  across  its  back,  which  are  intersected  in  the  middle  by  a  longi- 
tudinal one :  hence,  when  viewed  by  a  magnifier,  or  even  a  sharp  naked  eye,  espedaSy 
after  being  swollen  by  soaking  for  a  short  time  in  water,  it  is  easily  distinguished  from 
the  factitious,  smooth,  glistening,  black  grains,  of  no  value,  called  East  In£a  cochineal, 
with  which  it  is  often  shameSlly  adidterated  by  certain  London  merchants.  The 
genuine  cochineal  has  the  shape  of  an  egg,  bisected  through  ita  long  axis,  or  of  a 
tortoise,  being  rounded  like  a  shield  upon  the  back,  £at  upon  the  belly,  and  withoat 


These  female  insects  are  gathered  off  the  leaves  of  the  nopal  plant  after  it  has 
ripened  its  fruity  a  few  only  beong  left  for  brood :  they  are  killed  either  by  a  momentaiy 
immersion  in  boiling  water,  by  arpug  upon  heated  plates  or  in  ovens :  tiie  IzSt  become 
of  an  ash-grey  colour,  constituting  the  silver  cochineal,  or  jaspeada ;  the  second  are 
blackish,  called  negra,  and  are  most  esteemed,  being  probably  driest :  the  first  are 
reddish  brown,  and  reckoned  inferior  to  the  other  two.  The  dry  cochineal  being 
sifted,  the  dusi  with  the  imperfect  insects  and  fragments  which  pass  through,  are 
sold  under  the  name  of  QrantUo,  Cochineal  keeps  for  a  long  time  in  a  diy  placow 
Hellot  sa^s  that  he  has  tried  some  130  years  old,  which  produces  the  same  moo^,  aa 
new  cochineal. 

We  are  indebted  to  MM.  Pelletier  and  Caventou  for  a  chemical  investigation  of 
cochineal,  in  which  its  colouring  matter  was  skilfWy  eliminated. 

Purified  sulphuric  ether  acquired  by  digestion  with  it  a  golden-yellow  colour, 
amounting,  according  to  Dr.  John,  to  one-tenth  of  the  weight  of  the  insect  This 
infusion  leift,  on  evaporation,  a  fatty  wax  of  the  same  colour. 

Cochineal,  exhausted  by  ether,  was  treated  with  alcohol  at  40^  B.  After  80 
inflisions  in  the  digester  of  M.  Chevreul,  the  cochineal  continued  to  retain  colour 
although  the  alcohol  had  ceased  to  have  anv  efiect  on  it.  The  first  aJooholic  liquors 
were  of  a  red  verging  on  yellow.  On  coobng,  thev  let  fall  a  granular  matter.  By 
spontaneous  evaporation,  this  matter,  of  a  fine  red  colour,  separated,  assuming  more 
of  the  crystalline  appearance.  These  species  of  crystals  dissolved  entirely  in  water, 
which  they  tinged  of  yellowish  red. 

This  matter  has  a  very  brilliant  purple-red  colour ;  it  adheres  strongly  to  the  sides 
of  the  vessels ;  it  has  a  granular  and  somewhat  crystalline  aspect,  very  dififerent, 
however,  to  those  compound  crystals  alluded  to  above ;  it  is  not  altered  by  the  air, 
nor  does  it  sensibly  attract  moisture.  Exposed  to  the  action  of  heat,  it  melts  at  about 
60^  (122^  F.).  At  a  higher  temperature  it  swells  up,  and  is  decomposed  with  the 
production  of  carburetted  hydrogen,  much  oil,  and  a  small  quantity  of  water,  vezy 
slightly  acidulous.    No  trace  of  ammonia  was  found  in  these  ^^oducts. 

The  colouring  principle  of  cochineal  is  very  soluble  in  water.  By  evaporation,  the 
liquid  assumes  the  appearance  of  ff)Tup,  but  never  yields  orystids.  It  requires  of  this 
matter  a  proportion  aunost  imponderable  to  give  a  perceptible  tinge  of  bright  purplish 
red  to  a  large  body  of  water.  Alcohol  dissolves  this  colouring  substance,  but,  as  we 
have  alroady  stated,  the  more  highly  it  is  rectified,  the  less  of  it  does  it  dissolve. 
Sulphuric  ether  does  not  dissolve  the  colouring  principle  of  cochineal ;  but  weak  acids 
do,  possibly  owing  to  their  water  of  dilution.  No  acid  precipitates  it  in  its  pure  state. 
This  colouring  principle,  however,  appears  to  be  preciptable  by  all  the  adds  when  it 
is  accompanied  by  the  animal  matter  of  the  cochineaL 

The  affinity  of  alumina  for  the  colouring  matter  is  very  remarkable.  When  that 
earth,  newly  precipitated,  is  put  into  a  watery  solution  of  the  colouring  principle, 
this  is  immediately  seized  by  the  alumina.  The  water  becomes  colourless,  and  a  fine 
red  lake  is  obtained,  if  we  operate  at  the  temperature  of  the  atmosphere ;  but  if  the 
liquor  has  been  hot»  the  colour  passes  to  crimson,  and  the  shade  becomes  more  and 
more  violet,  according  to  the  elevation  <^  the  temperature,  and  the  continnanoe  of 
the  ebullition* 

The  salts  of  tin  exerdse  upon  the  colouring  matter  of  oochineal  a  remarkable 
action.  The  proto-chloride  of  tin  forms  a  very  abundant  violet  precipitate  in  the 
liquid.  This  predpitate  verges  on  crimson,  if  the  salt  contains  an  excess  of  add. 
The  bi-chloride  of  tin  produces  no  predpitate,  but  changes  the  colour  to  scarlet-red. 
If  gelatinous  alumina  be  now  added,  we  obtain  a  fine  red  predpitate,  which  does 
not  pass  to  crimson  by  boiling. 

To  this  colouring  prindple  the  name  earmimo  add  has  been  given.  It  farms  the 
basis  of  the  beautiM  pigment  called  carmine.  A  veiy  complete  examination  of  the 
colouring  matter  of  the  cochineal  insect  has  been  made  by  I^.  Warren  De  La  Boe. 

SeeOABMIMB. 

^e  carmines  found  in  the  shops  of  Paris  have  been  analysed,  and  all  yielded  the  t 
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products.  They  were  decomposed  bj  the  action  of  heat,  with  the  difihsion  at  first  of  a 
yery  strong  smell  of  burning  animal  matter,  and  then  of  sulphur.  A  white  powder 
remained,  amounting  to  about  one-tenth  of  the  matter  employed,  and  which -was  found 
to  be  alumina.  Other  quantities  of  carmine  were  treated  with  a  solution  of  caustic 
potash  which  completely  dissolved  them,  with  the  exception  of  a  fine  red  powder, 
not  acted  on  by  potash  and  concentrated  add,  and  which  was  recognised  to  be  red 
sulphuret  of  mercury  or  Termilion.  This  matter,  evidently  foreign  to  the  carmine, 
appears  to  have  been  added,  in  order  to  increase  its  weight. 

The  preceding  observations  and  experiments  seem  calculated  to  throw  some  light 
on  the  art  of  dyeing  scarlet  and  crimson.  The  former  is  effected  by  employing  a 
cochineal  bath,  to  -which  there  have  been  added,  in  determinate  proportions,  acidulous 
tartrate  of  potash  and  nitro-muriatic  deutoxide  of  tin.  The  effect  of  these  two  salts 
is  now  well  known.  The  former,  in  consequence  of  its  excess  of  add,  tends  to 
redden  the  colour,  and  to  predpitate  it  along  with  the  animal  matter ;  the  latter  acts 
in  the  same  manner,  at  mrat  by  its  excess  of  add,  then  by  the  oxide  of  tin  which 
MIb  down  also  with  the  carmine  and  animal  matter  and  is  fixed  on  the  wool,  with 
which  it  has  of  itself  a  strong  tendency  to  combine.  MM.  Pelletier  and  Oaventou 
remark,  that '  to  obtain  a  beautiful  shade,  the  muriate  of  tin  ought  to  be  entirely  at 
the  maximum  of  oxidisement ;  and  it  is  in  reality  in  this  state  that  it  must  exist  in  the 
solution  of  tin  prepared  according  to  the  proportions  prescribed  in  M.  Berthollet's 
treatise  on  dydng.' 

We  hence  see  why,  in  dyeing  scarlet,  the  employment  of  alum  is  carefully  avoided, 
as  this  salt  tends  to  convert  the  shade  to  a  crimson.  The  presence  of  an  alkali  would 
seem  less  to  be  feared.  The  alkali  would  occasion,  no  doubt,  a  crimson-ooloured 
bath;  but  it  would  be  easy  in  this  case  to  restore  the  colour,  by  udng  a  large  quantity 
of  tartar.  We  should,  therefore,  procure  the  advantage  of  having  a  l^th  better 
charged  with  colouring  matter  and  animal  substance.  It  is  for  experience  on  the 
large  scale  to  determine  this  point.  As  to  the  earthy  salts,  they  must  be  careftdly 
avoided. 

To  obtain  crimson,  it  is  sufiftdent,  as  we  know,  to  add  alum  to  the  cochineal  bath, 
or  to  boil  the  scarlet  doth  in  alum  water.  It  is  also  proper  to  diminish  the  dose  of 
the  salt  of  tin,  dnce  it  is  found  to  counteract  the  action  of  the  alum. 

The  alkalis  ought  to  be  rejected  as  a  means  of  changing  scarlet  to  crimson.  In 
fact,  crimsons  by  this  process  caxmot  be  permanent  colours,  as  they  pass  into  red  by 
the  action  of  adds. 

According  to  M.  Von  Qrotthuss,  carmine  may  be  deprived  of  its  golden  shade  by 
ammonia,  and  subsequent  treatment  with  acetic  add  and  alcohol.  Since  this  iatit 
was  made  known,  M.  Herschel,  colour-maker  at  Halle,  has  prepared  a  most  beautiful 
carmine. 

The  of&cers  of  Her  Mi^'e8tjr*s  Customs  detected  some  time  since  a  system  of  adul- 
terating cochineal,  which  had  been  practised  for  many  years  upon  a  jnrodigious  scale 
by  a  mercantile  house  in  London.  Dr.  Ure  stated  that  he  had  analysed  about  100 
samples  of  such  cochineal,  from  which  it  appears  that  the  genuine  artide  is  moistened 
with  gum-water,  agitated  in  a  box  or  leather  bag,  first,  with  sulphate  of  baryta  in 
fine  powder,  aftem^Birds  with  bone  or  ivory  black,  to  give  it  the  appearance  of  negra 
coduneal,  and  then  dried.  By  this  means  about  12  per  cent,  of  worthless  heavy  spar 
is  sold  at  the  price  of  cochineal,  to  the  enrichment  of  the  sophisticators,  and  the  dis- 
grace and  iinury  of  British  trade  and  manufiactures. 

The  specific  gravity  of  genuine  cochineal  is  1'25 ;  that  of  the  oodiineal  loaded  with 
the  barytic  sulphate,  1*35.  This  was  taken  in  oil  of  turpentine,  and  reduced  to  water 
as  unity,  because  the  waxv  fat  of  the  insects  prevents  the  intimate  contact  of  the 
latter  liquid  with  them,  and  the  ready  expulsion  of  air  from  thdr  wrinkled  sui&ce. 
They  are  not  all  acted  upon  by  the  oil,  but  are  rapidly  altered  by  water,  especially 
when  they  have  been  gummed  and  barytified. 

Humboldt  states  that  so  long  ago  as  the  year  1786,  there  was  imported  into  Europe 
from  South  America,  cochineal  to  the  value  of  15  millions  of  firancs.  Its  high  price 
had  for  a  long  time  induced  dyers  to  look  out  for  cheaper  substitutes  in  dyeing  red ; 
and  since  sdence  has  introduced  so  many  improvements  in  tinctorial  processes,  both 
madder  and  lac  have  been  made  to  superaede  cochineal  to  a  very  great  extent. 

In  order  to  ascertain  the  value  of  cochineal  for  dyeing  we  must  have  recourse  to 
comparative  experiments.  We  are  indebted  to  MM.  Bobiquet  and  Anthon  for  two 
methods  of  determining  the  quality  of  cochineals,  according  to  the  quantity  of  carmine 
they  contain.  The  process  of  M.  Kobiquet  consists  in  decolourising  equal  volumes  of 
decoction  in  different  cochineals  by  chlorine.  By  using  a  graduated  tube,  the  quality 
of  tiie  cochineal  is  judged  of  by  tbo  quantity  of  chlorine  employed  for  decolourising 
the  decoction.  The  process  of  M.  Anthon  is  founded  on  the  property  which  the 
hydrate  of  alumina  poMesses  of  predpitating  the  carmine  from  Uie  decoction  so  as  to 
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deooloozifle  it  entiialj.  The  fint  procesB,  which  is  veiy  good  in  the  haiidB  of  a  ddlM 
chemist,  does  not  appear  to  ns  to  oe  a  convenient  method  for  the  oonanmer ;  in  the 
first  place,  it  is  dimcolt  to  procure  perfectly  identical  solntioos ;  in  the  nest  pliice,  it  is 
impossible  to  keep  them  a  long  time  without  alteration.  We  know  that  dikrine 
dissolyed  in  water  reacts,  eyen  in  diflEhsed  light,  on  this  liquid ;  decomposes  it,  appro- 
priates its  elements,  and  giyes  rise  to  some  compounds  which  possess  an  action  quite 
different  from  that  of  the  chlorine  solution  in  its  primitiye  state.  The  second  process 
seems  to  us  to  be  preferable,  as  the  proof  liquor  may  be  kept  a  long  while  without 
alteration.  A  graduated  tube  is  also  used ;  each  diyision  represents  one  hundredth  of 
the  colouring  matter.  Thus  the  quantity  of  proof  liquor  added  exactly  represents 
the  quantity  in  hundredths  of  colouring  matter  contained  in  the  decoction  of  cochineal 
whidi  has  been  submitted  to  examination.  The  following  remaadu  from  a  practieal 
dyer  are  valuable : — 

*  The  colouring  matter  of  cochineal  being  soluble  in  water,  I  have  used  this  solvent 
for  exhausting  the  dif^nt  kinds  which  I  have  submitted  to  examination  in  the 
cdourimeter.  I  operated  in  the  following  manner:  I  took  a  grain  of  each  of  the 
cochineals  to  be  tned,  dried  at  120  Fahr. ;  I  submitted  them  five  consecuthre  times  to 
the  action  of  200  ^prains  of  distilled  water  at  water-bath  heat^  each  time  for  an  hour ; 
for  every  200  grams  of  distilled  water  I  added  two  drops  of  a  concentrated  sdution  of 
add  sulphate  of  alumina  and  of  potash.  This  addition  is  necessary  to  obtain  the 
decoctions  of  the  different  cochin^s  exactly  of  the  same  tint,  in  order  to  be  able 
to  compare  the  intensity  of  the  tints  in  the  colourimeter.' 

*  In  order  to  estimate  a  cochineal  in  the  colourimeter,  two  solutions,  obtained  as 
described  above,  are  taken ;  some  of  these  scdutions  are  introduced  into  the  colouri- 
metric  tubes  as  far  as  zero  of  the  scale,  yMch  is  equivalent  to  1 00  parts  of  the  superior 
scale ;  these  tubes  are  placed  in  the  bos,  and  the  tint  of  the  liquios  enclosed  is  com- 
pared by  looking  at  the  two  tubes  throu^  the  eye-hole ;  the  box  being^aced  so  that 
the  li£^  falls  exactly  on  the  extremity  where  the  tubes  are.  •  If  a  difierence  of  tint 
is  observed  between  the  two  liquors,  water  is  added  to  the  darkest  (which  is  always 
that  of  the  codiineal  taken  as  type)  until  the  tubes  appear  of  the  same  tint.* 

*  The  number  of  parts  of  liquor  which  are  contained  in  the  tube  to  which  water  has 
been  added  is  then  read  off;  this  number,  compared  with  the  vdume  of  the  liquor 
contained  in  the  other  tube,  a  volume  which  has  not  been  chai^ged,  and  is  equid  to 
100,  indicates  the  relation  between  the  colouring  power  and  the  relative  quality  of 
the  two  cochineals.  And  if,  for  example,  60  parts  of  water  must  be  added  to  the 
liquor  of  good  cochineal,  to  bring  it  to  the  same  tint  as  the  other.  Hie  relation  <k 
v<uume  of  the  liquids  contained  in  the  tubes  will  be  in  the  case  as  160  is  to  100,  and 
the  relative  quahty  of  the  cochineals  will  be  represented  by  the  same  relation,  sinoe 
the  quality  of  the  samples  tried  is  in  proportion  to  their  colouring  power.' — Ntqner, 

The  exports  from  Guatemala  consist  principally  a£  cochinBal,  the  st^le  and 
almost  the  only  article  of  exportation  for  a  number  of  years  past  It  is  chiefly  pro- 
duced in  Old  Guatemala,  nine  leagues  distant  from  Guatemala,  and  also  in  Amatellan 
about  six  leagues  distant.  The  rearing  of  this  insect  is  subject  to  so  many  acddents 
and  contingencies  that  it  is  excessively  {oecarious,  and,  above  all,  the  weather  has  a 
ffreat  effect  upon  it.  Taking  all  this  mto  consideration  it  is  surprising  that  attention 
has  not  been  directed  to  the  cultivation  and  production  of  other  articles  suited  to  the 
dimate  and  soil  of  Guatemala,  and  less  Uaole  to  destruction  by  unseasonable  rains 
and  atmospheric  changes  than  cochineaL  It  is  reasonably  to  be  feared  that,  if  a 
longer  time  be  suffered  to  pass,  the  cochineal  of  this  country  cannot  compete  with  that 
of  Teneriffe,  and  other  parts  of  the  world,  where  it  is  now  cultivated. 

Our  Imparts  of  cochineal  have  been  as  follow : — 

In  1870  we  imported  47,790  cwts.,  valued  at  £581,966. 

1871  „     64,642  „     „     706,718. 

1872  „     88,160  „     „     494,641. 

OOOX^anTAXi*  An  inferior  metal ;  a  mixture  of  copper  and  lead  used  for 
making  cocks.    See  Allot. 

<IOOO.  A  species  of  Araeeat  to  which  the  genus  Arum  gives  the  name.  The 
rhizomes  or  underground  stems  of  the  cocos  (Cotocasea)  are  sometimes  substituted  for 
potatoes  and  yams ;  they  abound  in  starchy  matter. 

>  Care  must  be  taken  not  to  add  to  the  water,  which  Berves  to  extract  the  oolonrfng  matter  from 
the  different  oocUneala,  mote  than  the  requisite  quantity  of  add  sulphate  of  alumina  and  aolntion  ot 
potash,  beoanse  a  stronger  dose  would  precipitate  a  part  of  the  ooloming  matter  in  the  state  of  U^. 

>  For  diluting  the  liquors  the  same  water  must  oIw^jts  be  used  which  has  serred  to  extzaot  the 
colouring  matter  of  the  cochineals  under  examination,  otherwise  the  darkest  deooction  would  pass 
into  vioiiBt,  as  water  was  added  to  it,  to  bring  back  the  tint  to  the  same  degree  of  intaostty  as 
that  of  the  deoootion  to  which  it  is  compared. 
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OdOOA.';^  A  well-known  preparation  from  the  seeds  of  the  Tkeobroma  cacao.  It 
is  stated  to  be  made  from  the  fri^ents  of  the  seed-coats  mixed  with  portions  of  the 
kernels.    See  Cacao. 

OOCrOA-WTS.  ^Noix  de  CocOt  Er. ;  CocotnusSy  Ger.)  The  cocoa-nnt  tree 
{C0CO8  nuc\l^era)  is  a  native  of  tropical  climates.  It  is  one  of  the  most  important  said 
yaloable  of  the  palms. 

OOOOA-mrr  OZZk  Oocoa-nnt  oil  is  obtained  hj  two  processes:  one  is  bj 
pressore,  the  other  bj  boiling  the  braised  nnt  and  wlritnniing  off  Uie  oil  as  it  fonns  on 
thesnrfaoe. 

It  is  a  white  solid,  having  a  peculiar  odonr.  It  frises  a  little  above  70^  F. ;  becomes 
readily  rancid,  and  dissolves  easily  in  alcohol.  It  consists  of  a  solid  £&t  called  coam  or 
eooimnc  (a  combination  of  glyoenne  imd  codnic,  or  coco-etearic  acid),  and  of  a  liqnid 
fat  or  oleine.    Cocoa-nut  ou  is  used  in  the  manufacture  of  soap  and  candles. 

Mr.  Soames  obtained  a  patent  in  September,  1829,  for  makuig  stearkie  and  eUdne 
by  the  following  process : — 

He  takes  the  substance  called  cocoa-nut  oil,  in  the  state  of  lard,  in  which  it  is  im- 
ported into  this  country,  and  submits  it  to  a  strong  hydraulic  pressure^  having  made 
it  up  in  small  packages,  8  or  4  inches  wide,  2  £et  long,  and  1  or  1^  inch  thick. 
These  packages  are  fonned  by  first  wrapping  np  the  said  substance  in  a  strong  linen 
doth,  of  dose  texture,  and  then  in  an  outward  wrapper  of  strong  sail-doth.  The 
packages  are  to  be  placed  side  by  side,  in  single  rows,  between  the  plates  of  the 
press,  allowing  a  smaSl  space  between  the  packages  for  the  escape  of  the  daine. 

The  temperature  at  which  the  {measure  is  begun,  should  be  from  about  50^  to  55^,  or 
in  summer  as  nearly  at  this  pitch  as  can  be  obtained,  and  the  packages  of  the  said  sub- 
stance intended  for  preesuro  should  be  exposed  for  several  hours  previously  to  about 
the  same  temperature.  When  the  padcages  will  no  longer  yidd  their  oil  or  daine 
freely  at  this  temperature,  it  is  to  be  gradually  raised ;  but  it  must  at  no  time  exceed 
65®,  and  the  lower  the  temperatura  at  which  the  separation  can  be  efifeeted,  the  belter 
will  be  the  quality  of  the  oil  enressed. 

When  the  padres  are  sumdently  pressed,  that  is,  when  they  will  give  out  no 
more  oil,  or  yield  it  only  in  drops  at  long  intervals,  the  residuum  is  then  to  be 
taken  out  ana  deansed  and  purified,  which  is  done  by  melting  it  in  a  well-tinned 
copper  vessel,  which  is  fixed  m  an  outer  vessel,  having  a  vacant  space  between, 
closed  at  the  top,  into  which  steam  is  admitted,  and  the  heat  is  kept  np  moderately 
for  a  sufficient  tame  to  allow  the  impurities  to  subside ;  but  if  a  still  higher  degree  dT 
purity  is  required,  it  is  necessary  to  pass  it  tte>ugh  filters  of  thick  fiannd  lined  with 
blotting  paper. 

Bftving  been  thus  cleansed  or  purified,  it  is  fit  for  the  mannjGeusture  of  candles,  which 
are  made  by  the  ordinary  process  used  in  making  mould  tallow  candles.  Having  thus 
disposed  of  the  stearine,  or  what  is  called  the  first  product,  he  proceeds  with  the  daine 
or  oil  expressed  from  it,  and  which  he  calls  the  second  product,  as  follows :  that  is  to 
say,  he  purifies  it  by  an  admixture,  according  to  the  de^^ree  of  its  apparent  foulness, 
of  from  1  to  2  per  cent,  by  weight  of  the  sulphuric  acid  of  commerce,  of  about  1*80 
spedfic  gravity,  diluted  with  six  times  its  wdght  of  water.  The  whole  is  then  to  be 
violently  agitated  by  mechanical  means,  and  he  prefers  for  this  puroose  the  use  of  a 
vessd  constructed  on  the  prindple  of  a  common  barrel  churn.  YHien  suffidently 
agitated,  it  will  have  a  dirty  whitish  appearance,  and  is  then  to  be  drawn  off  into 
another  vessel,  in  wMdi  it  is  to  be  allowed  to  settle,  and  anv  scum  that  rises  is  to  be 
carefully  taken  oK  In  a  day  or  two  the  impurities  will  be  deposited  at  the  bottom  of 
the  oil,  which  will  then  become  dear,  or  nearly  so,  and  it  is  to  be  filtered  through  a 
thick  woollen  doth,  after  which  it  will  be  fit  for  burning  in  ordinary  lamps  and  for 
other  nsee. 

The  process  of  separating  the  daine  from  the  stearine,  by  pridssure,  in  manner  afore- 
said, had  never  before  been  applied  to  the  substance  called  cocoa-nut  oil,  and  conse- 
quently no  product  had  heretofore  been  obtained  thereby  from  that  substance  fit  for 
being  mamtfoctured  into  candles  in  the  ordinary  way,  or  for  beinjg  refined  by  any  of 
the  usual  modes,  so  as  to  bum  in  ordinary  lamps,  both  which  objects  ara  attained  by,- 
the  method  of  preparing  or  manufSewstnring  the  said  substance. 

Candles  well  made  from  the  above  material  are  a  very  superior  artide.  The  light 
produced  is  more  brilliant  than  from  the  same  sized  candle  made  of  tallow ;  the  fiimie 
IS  perfectly  colourless,  and  the  wick  remains  free  from  dnder,  or  any  degree  of  foulness 
during  combustion.    See  Cakdlbs  ;  Elaike  ;  Stbabtnb. 

COB.    The  Morrhwi  vulgaris^  a  fish  belonging  to  the  family  of  Oadida, 

It  is  calculated  that  the  take  in  Scotland  of  cod  and  Ung  amounts  to  about 
4,000,000  individuals  annually,  of  which  upwards  of  1,000,000  are  from  the  Shetland 
Islands. 

OOBi>&Ivn  OIXi.    The  oil  obtained  from  the  livers  of  several  varieties  of  the 
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Gadidm  family;  espedally  horn  the  tonk,  Brotmu$  hromm.  It  is  admioirteEedi 
medidnally :  it  acts  maimj  as  a  nntritiye  body,  and  the  old  idea  that  its  medidnal' 
yalae  depended  on  the  iodine  it  contained  is  now  proved  to  be  false,  since  it  holds  no 
iodine  in  composition.  Since  Uie  demand  for  cod-liver  oil  has  been  lazge,  it  has  been 
extensively  adulterated  with  other  fish-oils. 

COBBZVB.  C*«H«NO«  +  2H0  (C>"B»«0*  +  SO<).  An  alkaloid  obtained  from 
opium,  where  it  occurs  associated  with  morphine  and  several  other  bases.  Codeine 
was  discovered  by  Bobiqnet,  and  has  been  studied  bv  Dr.  Anderson  and  other  chemists. 
The  substitution-compoundB  formed  from  codeine  by  tiie  action  of  hydrochloric  acid 
were  investigated  bv  i)rs.  Matthiessen  and  Wright,  and  those  produced  by  the  action 
of  hydrobromic  add  have  recently  been  studied  by  Dr.  Wri^t  alone. 

COBZ&&A  Ol"  V&AZ.  The  coarsest  pacts  of  the  fibre  sorted  out  by  itsall  See 
Flax.         

CHUMTZV.    Nativesulphateof  stttmtia.    SeeCHLiniNB. 

COnSB.  (Cq/<$,  Fr. ;  Kaffee,  6her.)  Olie  oo£Eee  is  the  seed  of  the  Ooffea  Jrabioa^ 
a  tree  of  the  order  Bubiaeea,  and  bdongs  to  the  Pentandria  monoffynia  of  linnseus. 
There  are  several  spedes  cf  the  genus,  but  the  only  one  cultivated  is  the  Ooffea 
Arabioa,  a  native  of  Upper  Ethiopia  and  Arabia  Felix.  It  rises  to  the  height  of  15  or 
20  feet ;  its  trunk  sends  forth  opposite  branches  in  pairs  above  and  at  rig^t  angles  to 
each  other ;  the  leaves  resemble  those  of  the  common  laurel,  although  not  so  £y  and 
thick.  From  the  angle  of  the  leaf-stalks  small  groups  of  white  flowers  issue,  which 
arelikethoseof  the  Spanish  jasmine.  These  flowers  £ade  very  soon,  and  are  replaced 
b^  a  kind  of  fruit  not  unlike  a  cherry,  which  contains  a  yellow  glaizy  fluid,  envelo- 
ping two  small  seeds  or  berries  convex  upon  one  side,  flat  and  fnnowed  upon  the  other 
m  the  direction  of  the  long  axis.  These  seeds  are  of  a  homy  or  cartilaginous  nature; 
they  are  glued  together,  each  being  surrounded  with  a  pecoUar  coriaceous  membrane. 
They  constitute  the  cofibe  of  commerce. 

It  was  not  till  towards  the  end  of  the  16th  century  that  the  ooflCbe-tree  began  to  be 
cultivated  in  Arabia,  ffistorians  usually  ascribe  the  discovery  of  the  use  of  eoSae  as 
a  beverage  to  the  superior  of  a  monastery  there,  who,  desirous  of  preventing  the 
monks  from  sleeping  at  their  nocturnal  services,  made  them  drink  tne  infusion  of 
co£fee  upon  the  report  of  shepherds,  who  pretended  that  their  flocks  were  more  livelv 
after  browsing  on  the  fruit  o£  that  plant.  The  use  of  cofiee  was  soon  rapidly  spread, 
but  it  encountered  much  opposition  on  the  part  of  the  Turkish  government,  and  be- 
came the  occadon  of  public  assemblies.  Under  the  reign  of  Amurath  III.  the  mufti 
procured  a  law  to  shut  all  the  oo£fee-houses,  and  this  act  of  suppresdon  was  renewed 
under  the  minority  of  Mahomet  IV.  It  was  not  till  1554,  under  Solyman  the  Great, 
that  the  drinking  of  cofifoe  was  accredited  in  Constantinople ;  and  a  century  elapsed 
before  it  was  known  in  London  and  Paris.  Solyman  Aga  introduced  its  use  into  the 
latter  dty  in  1669,  and  in  1672  an  Armenian  established  the  first  e(^  at  the  £ur  of 
Saint-Germain. 

When  oofifoe  became  somewhat  of  a  necessary  of  life  from  the  influence  of  habit 
amonff  the  people,  all  the  European  Powers  who  had  colonies  between  the  tropics  pro- 
jected to  form  plantations  of  cof^-trees  in  them.  The  Dutch  were  the  first  who 
transported  the  oo£fee  plant  from  Mocha  to  Batavia,  and  from  Batavia  to  Amsterdam* 
In  1714  the  magistrates  of  that  dt7  sent  a  root  to  Louis  XIV.,  which  he  caused  to  be 
planted  in  the  Jardin  du  Boi.  This  became  the  parent  stock  of  aU  the  French  oofi^ 
plantations  in  the  Martinique. 

The  most  extensive  culture  of  coffbe  is  still  in  Arabia  Felix,  and  prindpally  in  the 
kingdom  of  Yemen,  towards  the  cantons  of  Aden  and  Mocha.  Although  these  coun- 
tries are  very  hot  in  the  plains,  they  possess  mountains  where  the  air  is  mild.  The 
coffee  is  generally  grown  half-way  up  on  their  slopes.  When  cultivated  on  the  lower 
ground  it  is  always  surrounded  by  mrge  trees,  wnich  shelter  it  from  the  torrid  sun, 
and  prevent  its  fhiit  from  withering  before  their  maturity.  The  harvest  is  gathered 
at  three  periods :  the  most  oondderable  occurs  in  May,  when  the  reapers  begin  by 
spreading  doths  under  the  trees,  then  shaking  the  branches  strongly,  so  as  to  make 
the  fruit  drop,  which  they  collect,  and  expose  upon  mats  to  dry.  They  then  pass 
over  the  dried  berries  a  very  heavy  roller,  to  break  the  envelopes,  which  are  after- 
wards winnowed  away  with  a  &n.  The  interior  bean  is  again  dried  beforo  being 
laid  up  in  store. 

In  Uemerara,  Berbice,  and  some  of  our  West  India  islands,  where  much  good 
cofiee  is  now  raised,  a  differont  mode  of  treating  the  pulpy  fruit  and  curing  the  beans 
is  adopted.  When  the  cheny-looking  berry  has  assumed  a  deep-red  colour,  it  is 
gathered,  and  immediately  subjected  to  the  operations  of  a  mill  composed  of  two 
wooden  rollers,  furnished  with  iron  plates,  which  revolve  near  a  third  fixed  roller 
called  the  chops.  The  berries  aro  fed  into  a  hopper  above  the  rollers,  and  fiilling 
down  between  them  and  the  chops,  they  are  stripped  of  their  outer  skins  and  pulp^ 
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while  the  twin  beans  an  separated  from  each  other.  These  beans  then  fall  upon  a 
sieye,  which  allows  the  skin  and  the  palp  to  pass  through,  while  the  hard  beans  accn- 
mnlate  and  are  progressiyelj  slid  oyer  the  edge  into  baskets.  They  are  next  steeped 
for  a  night  in  water,  thorooghlj  -washed  in  the  morning,  and  afterwards  dried  in  the 
snn.  Thej  are  now  ready  for  the  peeling  mill,  a  w^en  edge-wheel  tamed  yerti- 
cally  b^  a  horse  yoked  to  the  extremity  of  its  horizontal  axis.  In  trayelling  oyer  the 
cofroe,  It  bursts  and  detaches  the  coriaceoas  or  parchment-like  skin  which  sorronnds 
each  hemispherical  bean.  It  is  then  freed  from  the  membranes  by  a  winnowing 
machine,  in  which  fonr  pieces  of  tin  made  &st  to  an  axle  are  cansed  to  reyolye  with 
ftesX  yelocity^  Oom  £Etxmers  woold  answer  better  than  this  rnde  instrument  of  negro 
inyention.  The  coSSbe  is  finally  spread  npon  mats  or  tables,  picked  dean  and  packed 
np  for  shipment 

The  most  highly-esteemed  oofiee  is  that  of«Mocha.  It  has  a  smaller  and  a  rounder 
bean ;  a  more  agreeable  taste  and  smeU  than  any  other.  Its  colour  is  yellow.  Next  to 
it  in  European  reputation  is  the  Martiniq[ue  and  Bourbon  coSde ;  its  colour  is  greenish, 
and  it  raeseryes  almost  always  a  silyer  grey  pellicle,  which  comes  off  in  the  roasting. 
The  jBourbon  oo£fee  approaches  nearest  to  the  Modia,  from  which  it  originally 
sprung.  The  Saint  Bomingo  coffee  has  its  two  extremities  pointed,  and  is  much  less 
esteemed  then  the  preceding. 

The  co£Eee-tree  flourishes  in  hilly  districts  where  its  root  can  be  kept  dry,  while  its 
leayes  are  refreshed  with  frequent  showers.  Bocl^  ground,  with  rich  decomposed 
mould  in  the  fissures,  agrees  beet  with  it.  Though  it  would  grow,  as  we  haye  said,  to 
the  height  of  15  or  20  feet,  yet  it  is  usually  kept  down  by  pruning  to  that  of  6  feet  for 
increasing  the  production  of  the  fruit,  as  well  as  for  the  conyenience  of  cropping.  It 
beg^  to  yield  fruit  the  third  year,  but  is  not  in  full  bearing  till  the  fifth,  does  not 
thriye  beyond  the  twenty-fifth,  and  is  useless  in  general  at  the  thirtieth.  In  the  coflfee 
husbandly  the  plants  should  be  placed  8  feet  apart,  as  the  trees  throw  out  extensiye 
horisontal  branches,  and  in  holes  10  or  12  feet  deep  to  secure  a  constant  supply  of 
moisture. 

Coffee  has  been  analysed  by  a  great  many  chemists,  with  considerable  diyersity  of 
results.  The  best  analysis  perhaps  is  that  of  Schrader.  He  found  that  the  raw  beans 
distilled  with  water  in  a  retort  communicated  to  it  their  fiayour  and  rendered  it  turbid, 
whence  they  seem  to  contain  some  yolatile  oiL  On  reboiling  the  beans,  filtering,  and 
eyaporating  the  liquor  to  a  syrup,  adding  a  litde  alcohol  till  no  more  matter  was  pre- 
cipitated, and  then  eyaporating  to  dryness,  he  obtained  17'68  per  cent,  of  a  yellowish- 
brown  transparent  extract,  which  constitutes  the  characteristic  part  of  cofroe,  though 
it  is  not  in  tnat  state  the  pure  {xroximate  principle,  called  caffeine.  Its  more  remark- 
able reaction  is  its  producing,  with  both  the  protoxide  and  the  peroxide  salts  of  iron,  a 
fine  grass-green  colour,  while  a  dark  green  precipitate  &lls,  which  re-dissolyes  whdn 
an  acid  is  poured  into  the  liquor.  It  produces  on  the  solution  of  the  salts  of  copper 
scarcely  any  effect,  till  an  alkali  be  added,  when  a  yery  beautiful  green  colour  is  pro- 
duced whicn  may  be  employed  in  painting.  Coffee  beans  contain  also  a  resin,  and  a 
f^tty  substance  somewhat  like  suet.  According  to  Robiquet,  ether  extracts  from  coffee 
beans  nearly  10  per  cent,  of  rean  and  fat,  but  he  probably  exaggerates  the  amount. 
The  peculiar  substance  caffeine  contained  in  the  aboye  extract  is  cxystallisable.  It 
is  remarkable  in  regard  to  composition,  that  after  urea  and  the  uric  add,  it  is  among 
organic  products  the  richest  in  nitrogen.  It  -was  dissolyed  and  described  in  1820  by 
Bung6.  It  does  not  possess  alkaline  properties.  Pfaff  obtained  only  90  grains  of 
cafifeine  from  dx  poimds  of  ocSSoq  beans.  There  is  also  an  add  in  raw  coffee  to  whidi 
the  name  of  caffeie  acid  has  been  giyen.  When  distilled  to  dryness  and  decomposed, 
it  has  the  smeU  of  roasted  coffee.    See  CAFnmni. 

Cofifee  undergoes  important  changes  in  the  process  of  roasting.  When  it  is  roasted 
to  a  yellowish  brown  it  loses,  according  to  Cadet»  12|^  per  cent  of  its  weight,  and  is  in 
this  state  difficult  to  grind.  When  roasted  to  a  chestnut  brown  it  loses  18  per  cent ; 
and  when  it  becomes  entirely  black,  though  not  all  carbonised,  it  has  lost  23  pec 
cent.  Schrader  has  analysed  roasted  coffee  comparatiyely  with  raw  cofifee,  and  ha 
found  in  the  first  12^  per  cent,  of  an  extract  of  cofi^  soluble  in  water  and  alcohol, 
-which  possesses  nearly  the  properties  of  the  extract  of  the  raw  coffee,  although  it  has 
a  deeper  brown  colour,  and  softens  more  readily  in  the  air.  He  found  also  10-4  of  a 
blackish  brown  gum ;  6*7  of  an  o:nrgenated  extract,  or  rather  apotMme  soluble  in 
alcohol,  insoluble  in  water ;  2  of  a  &tty  substance  and  resin ;  69  of  burnt  yegetabla 
fibre,  insoluble.  On  distilling  roasted  eofbe  with  water,  SchriUler  obtained  a  product 
which  contained  the  aromatic  prindple  of  coffee ;  it  reddened  litmus  paper,  and  ex- 
h^ed  a  strong  and  agreeable  odour  of  roasted  coffbe.  If  we  roast  cofi»e  in  a  retort, 
the  first  portions  of  the  aromatic  prindple  of  coffee  condmse  into  a  yellow  liquid  in 
the  receiyer ;  and  these  may  be  added  to  the  cofifee  roasted  in  the  common  way,  fron 
which  this  matter  has  been  expelled  and  disdpated  in  the  air« 
Vol.  I,  8L 
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CheneTu:  afBucmed  that  by  the  roasting  of  coffee  a  eertain  qnanfcai^  of  tannin  pos- 
Besfiing  the  pronerfy  of  precipitating  gelatine  is  generated.  Cadet  made  the  same 
observation,  and  found  moreover,  that  the  tannin  -was  most  abundant  in  the  lightly 
roasted  coffee,  and  that  there  -was  nearly  none  of  it  in  cofiEee  highly  roasted.  JPassS 
and  Sohrader,  on  the  contrazY,  state  that  solution  of  gelatine  does  not  predpitata 
eitiier  the  decoction  of  roasted  coffee  or  the  alcoholic  extract  of  this  edSfee.  Bmig6 
likewise  asserts  that  he  could  obtain  no  precipitate  -with  gelatine ;  but  he  says  that 
albumen  precipitates  from  the  decoction  of  roasted  coffee  the  same  kind  of  tannin  as 
is  precipitated  from  raw  coffee  by  the  acetate  of  lead,  and  set  free  from  the  lead  by 
suJ^uretted  hydrogen.  With  these  results  Dr.  lire's  expenments  agreed.  Gelatine 
certainly  does  not  disturb  dear  infuaion  of  roasted  ooiBfee,  but  the  salts  of  iron 
blacken  it. 

Schrader  endeavoured  to  roast  s^arately  the  different  piinei|to  of  coffee,  but  none 
of  them  exhaled  ihe  aromatic  odour  of  roasted  coffee,  ezo^  the  homy  fibrous  matter. 
He  therefore  conduded  that  this  substance  contributes  mainly  to  we  diaracteristic 
taste  of  roasted  coffee,  which  cannot  be  imitated  by  any  other  yegetable  matter,  and 
which,  as  we  have  seen,  should  be  ascribed  chiefly  to  the  altered  caffeic  acid.  Accord- 
ing to  Gaiot,  we  may  extract  the  caffeine  without  alteration  from  roasted  coffee  by 
predpitatinc  its  decoction  by  subacetate  of  lead,  treating  the  washed  predpitate  with 
sulphuretted  hydrogen,  and  evaporating  the  liquid  product  to  dirness. 

To  roast  coffee  nghtiy  we  should  keep  in  view  the  proper  objects  of  this  paroceaa, 
which  are  to  derdop  its  aroma,  and  destroy  its  toughness,  so  that  it  may  be  readily 
ground  to  powder.  Too  much  heat  destroys  those  principles  which  we  should  wish  to 
preserve,  and  substitutes  new  ones  which  have  nothing  in  common  wifli  the  first,  but 
add  a  disagreeable  empyreumatic  taste  and  smell.  If,  on  the  other  hand,  the  rawness 
or  greenness  is  not  removed  by  an  adequate  heat,  it  masks  the  flavour  of  the  bean,  and 
injures  the  beverage  made  wiui  it.  When  well  roasted  in  the  sheet-iron  cylinder  set 
to  revolve  over  a  fire,  it  should  have  a  uniform  chocolate  colour,  a  point  readily  hit  by 
experienced  roasters,  who  now  manage  the  business  for  the  principal  coffee  dealers 
both  of  London  and  Paris.  The  development  of  the  proper  aroma  is  a  criterion  by 
which  coffee  roastOTS  firaquenthr  regulate  their  operations.  When  it  loses  more  than 
20  per  cent  of  its  weight,  eane&  is  sure  to  be  injured.  It  should  never  be  ground 
till  immediately  before  infusion,  since  the  fine  essential  oil  rapidly  escapes  firam  the 


Liebig's  views  of  the  process  of  nutrition  have  given  firesh  interest  to  every  analysis 
of  articles  of  food.  A  watery  infusion  of  coffee  is  used  in  almost  every  countzy  as  a 
beverage,  and  yet  it  is  tmcertain  whether  it  is  an  article  of  nutrition  or  merely  a  con- 
diment A  minute  examination  of  the  raw  seed,  or  coffee  bean  as  it  is  called,  must 
precede  the  determination  of  that  disouted  point  Caffeine  is  the  ^ndple  best  biown, 
being  most  easily  separated  £rom  tne  other  substances,  resisting  most  powerfully 
diemical  reagents,  and  by  assuming  a  crystalline  state  is  disoovesable  in  very  small 
quantities. 

Boasted  coffee  afferds  a  much  richer  infusion  to  hot  water  containing  a  minute 
quantity  of  carbonate  of  soda,  and  improves  the  quality  of  the  coffee  on  the  stomach, 
by  neutralising  the  caffeic  adds. 

Coffee,  as  sold  in  the  shops  in  its  roasted  and  groxmd  state,  is  often  adulterated  with 
a  variety  of  substances,  but  chiefiy  with  chicory.    See  CmooBT. 

If  tannin  exists  in  roasted  coffee,  as  maintained  long  ago  by  Chenevix,  and  senerally 
admitted  siace,  it  must  be  verv  different  from  the  tannin  present  in  tea,  cateoiu,  kino, 
oak-bark,  willow-bark,  and  other  astringent  vegetables ;  for  it  is  not  like  them,  pre- 
dpitated  by  either  gelatine,  albumen,  or  sulphate  of  quinine.  With  regard  to  the 
action  *upon  the  animal  economy  of  coffee,  tea^  and  cocoa,  whidi  contain  one  common 
chemical  prindple  called  caffeine  or  theine,  Liebig  advanced  some  ingenious  views, 
and,  in  particular,  endeavoured  to  show  that  to  persons  of  sedentary  habits  in  the 
present  refined  state  of  society  they  afferd  eminently  useful  beverages,  whidi 
contribute  to  the  formation  of  the  diaracteristic  prindple  of  bile,  'Sus  impor- 
tant secreted  fiuid,  deemed  by  liebig  to  be  subservient  to  the  function  of  respiration, 
requires  for  its  formation  mudi  azotised  matter,  and  that  in  a  state  of  combination 
analogous  to  what  exists  in  caffeine.  The  quantity  of  this  prindple  in  tea  and  coffee 
bdng  only  from  2  to  6  per  cent,  might  lead  one  to  suppose  that  it  could  have  little 
effect  upon  the  system  even  of  regular  drinkers  of  these  infusions ;  but  if  the  bile  con- 
tains only  one-tenth  of  solid  matter,  called  choleic  acid,  which  contains  less  than  4 
per  cent,  of  azote,  then  it  may  be  shown  that  3  grains  of  caffeine  would  impart  to  500 
grains  of  bile  the  azote  wMch  occurs  in  that  crystalline  predpitate  of  bile  called 
taurine,  which  is  thrown  down  ficom  it  by  mineral  adds. 

One  atom  of  caffeine,  9  atoms  of  oxygen,  and  9  of  water,  being  added  together, 
produce  the  composition  of  2  atoms  of  taurine.    Now  this  is  a  very  simple  combi- 
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nation  im  Uie  living  organism  to  efibct ;  one  already  paralleled  in  the  generation  of 
hippnrio  add  in  urine,  by  the  introdnction  of  benvno  acid  into  the  Btomach :  a  phy- 
siological disooTenr  which  promised  to  lead  to  a  more  sncceaBfol  tareatment  of  some 
of  the  most  formidable  diseases  of  man,  partacnlarly  gout  and  giaTeL 

OoFFsn    BoAsmro    ahd    Gbindino. 
The  grateMness  of  the  beTerageaffinded  488 

by  this  seed  depends  npon  many  drcnm- 

stances,  which  are  sel<Kmi  all  combined. 

It  may  be  rained  in  the  roasting;  for  if 

some  berries  be  nnder  and  some  orer 

done,  the  whole  irhen  gronnd  will  yield 

an  unpalatable  inftision.    The  due  point 

to  which  the   torrefiaction   should   be 

carried  may  be  determined  partly  by  the 

colour  and  partly  by  the  loss  of  weight, 

which  points,  however,  are  different  for 

each  sort  of  cofiee.    But  perfeofc  equality 

of  ustulalion  is  difficult  of  attamment 

with  the  ordinainr  cylindri<^  machines. 

Messrs.  Law,  of  jjondon  and  Edinburgh, 

had  long    been   dissatisfied   with   Uie 

partial  manner  in  iHiioh  the  cylinder 

performed  its  duty,  as  it  generaUy  left 

some  part  of  its  contents  black,  some 

dark  brown,  and  others  paler;  results 

which  greatly  injure  the  flavour  of  the  ^ 

beverage  made  with  the  coflfee.     Mr.  ^ 

William  Law  overcame  these  difficulties  < 

by  his  invention  of  the  globular  roaster, 

actuated  by  a  compound  motion  like  ^ 

that  of  our  earth.     This  roaster,  with 

its  double  rotatory  motion,  is  heated  not 

over  an  open  fire,  but  in  an  atmosphere  of  hot  air,  through  a  cast-metal  casing. 

The  globe  is  so  mounted  as  to  revolve  horiiontally,  and  also  from  time  to  time 

vertically,  whereby  the  included  beans  are  tossed  about  and  interminp;led  in  all  direct 

tions,  and  inequabty  of  torrefaction  is  scarcely  possible.    The  position  of  the  globe 

in  Jiff,  488  shows  it  as  turned  up  by  a  powerful  leverage  out  of  the  cast-iron  heater, 

preparatory  to  its  being  emptied  andre-chamd. 

Messrs.  Dakin  and  (>>.  have  patented,  ana  have  now  for  some  years  used,  another 
kind  of  apparatna,  which  consists  mainly  of  steam-chests  upon  the  upper  surfltce  of 
which  the  cofibe  is  roasted.  The  advantages  of  this  arrangement  appear  to  be  that 
the  cofiee  berries  are  spread  over  the  heated  surface  in  a  tMn  layer,  and  thus  every 
berry  is  equally  exposed  to  the  regulated  action  of  the  steam  heat  The  whole  being 
exposed  to  view,  it  can  be  seen  when  the  roasting  has  been  carried  to  its  proper  point 

Our  Imports  of  coffee  have  been  as  follow: — 


Flaoee 

1870 

1871 

1872 

From  Coylon     ..... 
,,     other  British  Possessions 

„     Brazil 

„     Central  America 
„     other  Ckmntries 

Total  . 
Retained  for  Home  consumption 
Total  value 

lbs. 
97,964,922 
29,814,865 
14,057,898 
14,070,079 
28,994,105 

91,085,678 
42,108,606 
22,940,928 
19,540,529 
16,976,891 

lbs. 
77,644,766 
88,160,854 
17,820,211 
14,984,128 
18,513,908 

179,901,864 
80,629,710 
£4,942,769 

192,606,182 
81,010,645 
£5,407,110 

167,078,867 
81,661,811 
£5,294,704 

COOirAC.  The  finest  kind  of  French  brandy,  distilled  from  win&— so  called 
from  the  town  of  Cognac,  in  the  department  of  Charente.    See  Bbaitdt. 

COIR.  The  outer  coating  of  the  cocoa-nut,  often  weighing  one  or  two  pounds, 
when  stripped  off  longitudinally,  fbmisbcs  the  fibres  called,  by  the  native  name  of 
Cotr,  and  used  for  small  cables  and  rigging. 

In  England  these  fibres  are  used  in  matting  and  for  coarse  brash  woric.    In  Price 
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and  Co/s  -works  they  are  adTantageonsly  employed,  placed  between  iron  trays  and 
on  the  suiface  of  the  cocoa-nnt  ai^  other  concrete  oils  and  fats,  and  subjected  to 
great  pressure ;  the  liquid  oil  flows  out,  leaving  solid  fats  behind.  Prom  the  abun- 
dance, cheapness,  and  durability  of  this  substance  it  is  likely  to  come  into  more 
general  use,  and  it  has  even  been  seriously  proposed  as  a  material  for  constructing 
ocean  telegraphs,  from  its  lightness  and  power  of  resisting  sea-water.  The  qualities 
of  coir  for  many  purposes  bive  been  established  for  ages  in  the  East  Indies.  Br. 
Gilchrist  thus  describes  the  properties  of  coir  ropes : — *  They  are  particularly  elastae 
and  buoyant,  floating  on  the  surface  of  the  sea ;  therefore  when,  owing  to  the  strength 
of  the  current,  a  boat  misses  a  ship,  it  is  usual  to  veer  out  a  quantity  of  ooir,  haying 
previously  fastened  an  oar,  or  sn^  cask,  &c,  to  its  end.  Thus  the  boat  may  be 
easily  enabled  to  haul  up  to  the  ship's  stem.  Were  a  coir  hawser,'  iie  adds,  *  kept 
on  board  evezy  ship  in  the  British  marine,  how  many  lives  would  probably  be 
saved!' 

It  is  stated  that  fresh  water  rots  coir  in  a  very  short  time,  corroding  it  in  a  sur- 
prising degree,  whereas  aalt  water  absolutely  strengthens  it,  seeming  to  increase  thB 
elasticity.  Coir  is  therefore  unfit  for  running  rigging,  especially  for  vessels  subject 
to  low  latitudes,  it  being  easily  snapped  in  frosty  weather. 

Nothing  can  equal  the  ease  with  which  a  ship  rides  at  anchor,  when  her  cables  are 
of  coir.  Ab  the  surges  approach  the  bows,  the  vessel  gradually  recedes  in  consequence 
of  the  cables  yielding  to  their  force ;  but  as  soon  as  they  have  passed,  it  contracts  again, 
drawing  the  vessel  gradually  back  to  her  first  position :  the  lightness  of  the  material 
adds  to  tiiis  efibct,  for  the  cable  would  float  if  -ihe  anchor  did  not  keep  it  down.  At 
the  present  time  the  forces  exerted  upon  cables  and  the  angles  assumed  under  different 
circumstances,  in  paying  out  submarine  telegraphic,  cables,  have  been  the  subject  of 
practical  attention  and  theoretical  investigation.  Some  of  the  greatest  authorities 
nave  assumed  that  the  forces  exerted,  between  the  bottom  of  the  sea  and  the  ship's  stem, 
had  reference  only  to  forms  or  waves  of  the  cables,  representing  some  curve  between 
the  vertical  and  horizontal  line,  but  always  concave  to  the  water  sui^Eice.  For  a  curve 
to  exist,  in  the  opposite  direction,  was  named  only  as  a  condition,  without  evidence  of 
any  practical  kind  to  show  that  it  really  existed,  or  called  for  any  attention  to  investi- 
gate it.  So  long  since,  however,  as  1825,  Dr.  GKlchrist,  among  others,  had  described 
this  veiy  opposite  curve  of  the  coir ;  viz.,  of  being,  when  in  action  as  a  cable,  curved 
with  a  concave  surface  toward  the  bottom  of  the  sea;  a  &ct  well  known  to  the  ex- 
perienced sailors  of  England,  as  well  as  to  the  natives  who  employ  these  ooir  cables 
so  extensively  on  the  East  Indian  coast 

'  A  hempen  cable  always  makes  a  curve  downwards,  between  the  vessel  and  the 
anchor,  bat  a  coir  cable  makes  the  curve  tt^noards.  Therefore,  if  a  riffht  line  were 
drawn  from  the  hawse-hole  to  the  ring  of  the  anchor,  it  would  be  sometning  like  tlie 
axis  of  a  parabolic  8|nndle,  of  which  the  cables  would  form,  or  nearly  so,  the  two  elliptic 
segments? 

In  the  employment  of  materials  for  ocean  telegraphs,  especiaUy  for  deep-sea 
purposes,  the  use  of  iron  and  the  proposal  for  using  coir  and  other  light  substances, 
nave  caused  the  telegraphic  means  to  be  spoken  of  as  'heavy'  or  'light'  cables. 
Dr.  Allan,  of  Edinburgh,  proposed  the  abundant  use  of  coir  to  xnake  &lufht  cable,  say, 
half  the  weight  of  the  Lightest  hitherto  made,  the  Atlantic  cable.  He  states  that 
a  deep  sea  cable  may  be  compounded  to  weigh  not  more  than  10  cwt.  per  mile :  while 
the  cheapness,  durability  in  salt  water,  lightness,  and  abundant  supply,  will  give  it  ad- 
vantages over  gutta  peicha  and  other  substances  used  to  form  the  btdk  of  the  lightest 
cables  hitherto  employed. 

When  cocoa-nuts  are  sawed  into  two  equal  parts  across  the  giain  of  the  coir  coating, 
they  form  excellent  table  brushes,  causing  wood  planks  to  assume  a  very  high  poli^ 
by  friction.  If  the  shell  should  be  left,  the  edges  should  be  perfectly  smooth,  and  then 
they  will  not  scratch.  It  is  a  good  mode  to  strip  off  the  coir,  and,  after  soaking  it  in 
water,  to  beat  it  with  a  heavy  wooden  maU  until  the  pieces  become  pliant,  when  they 
should  be  firmly  bound  together  with  an  iron  ring ;  the  ends  being  levelled,  the  imple- 
ment is  fit  for  use ;  a  little  bees'-wax,  rubbed  occasionally  upon  them,  adds  greatly  to 
the  lustre  of  the  famiture ;  of  course  the  polish  is  mainly  due  to  strcoigth  and  rapid 
action  producing  the  friction  upon  the  wood,  and  other  articles  of  furniture. 

In  India,  the  coarse  bark  of  the  nuts  is  extensively  used  to  cleanse  houses,  and  in 
washing  the  decks  of  vessels.  Coarse  stu£^  matting,  and  bagging,  are  made  of  tJw 
fibres,  as  well  as  ropes,  sails,  and  cables. 

The  general  preparation  is  simple : — ^The  fibrous  husks  or  coats  which  envelope  the 
cocoa-nuts,  after  being  for  some  time  soaked  in  water,  become  soil ;  they  are  then 
beaten,  to  separate  other  substances  with  which  they  are  mixed,  which  f&ll  away  like 
eaw-dust,  the  strings  or  fibres  being  left;  this  is  spun  into  Ions  yams,  woven  into  sail- 
^oth,  and  t^risted  into  cables,  even  for  large  vesaeLs.    Corcbge  thns  made  is  ooa- 


Digitized  by  VjOOQIC 


00KB  885 

fiidered  preferable,  in  many  respeotB,  to  that  brought  from  Eozope,  especially  the 
advantage  of  floating  in  water. 

coxa.  (Eng.  and  Fr. ;  Coaks^  Ger.)  It  is  neceeeary  to  distinguish  between 
what  is  called  gas-coke  and  oren-ooke.  The  word  '  coke '  applies,  properly,  to  the  latter 
alone ;  for  in  a  manufactoring  sense,  the  former  is  merely  cinder.  The  production  of 
good  coke  requires  a  combination  of  qualities  in  coal  not  very  frequently  met  with ; 
and  hence  first-rate  coking  coals  can  be  procured  only  from  certain  districts.  The 
essential  requisites  are,  first,  the  presence  of  very  little  earthy  or  incombustible  ash ; 
and,  secondly,  the  more  or  less  infusibility  of  that  ash.  The  presence  of  any  of  the 
salts  of  lime  is  abore  all  objectionable ;  after  which  may  be  classed  silica  and  alumina ; 
for  the  whole  of  these  have  a  strong  tendency'  to  produce  a  vitrification,  or  slag,  upon 
the  bars  of  the  furnace  in  which  ^e  coke  is  burnt ;  and  in  this  way  the  bars  are 
speedily  corroded  or  burnt  out ;  whilst  the  resulting  clinker  impedes  or  destroys  the 
draught,  by  fusing  over  the  interstices  of  the  bars  or  air  passages.  Iron  pyrites  is  a 
common  obstacle  to  the  coke-maker ;  but  it  is  found  in  practice,  that  a  protracted 
application  of  heat  in  the  oven  dissipates  the  whole  of  the  sulphur  from  the  iron,  with 
the  production  of  bisulphuret  of  carbon  and  metallic  carburet  of  iron,  the  latter  of 
which  alone  remains  in  the  coke,  and,  unless  silica  be  present,  has  no  great  disposition 
to  vitrify  after  oxidatioD.  Where  the  iron  pyrites  exists  in  large  quantities  it  is  sepa- 
rated by  the  coal-washing  machines,  some  of  which  will  be  described  in  a  general 
article. — See  Wassinq  Machines.  One  object,  therefore,  gained  by  the  oven-coke 
manufacturer  over  the  gas-maker  is  the  expulsion  of  the  sulphuret  of  carbon,  and 
consequent  purification  of  the  residuary  coke.  Another,  and  a  still  more  important 
consequence  of  a  long  sustained  and  high  heat  is,  the  condensation  and  contraction  of 
the  coke  into  a  smaller  volume,  which,  therefore,  permits  the  introduction  of  a  mudi 
greater  weight  into  the  same  space ;  an  advantage  ra  vast  importance  in  blast  fhmaces, 
and  above  all,  in  locomotive  engines,  as  the  repeated  introduction  of  fresh  charges  of 
coal  fuel  is  thus  prevented.  Part  of  this  condensation  is  due  to  the  weight  of  the  ' 
superincumbent  mass  of  coal  thrown  into  the  coke  oven,  by  which  (when  the  coal  first 
begins  to  cake  or  fuse  together)  the  particles  are  forced  towards  each  other,  and  the 
cavernous  character  of  cinder  got  rid  of:  but  the  chief  contraction  arises,  as  we  have 
said,  from  the  natural  quality  of  carbon,  which,  like  alumina,  goes  on  contracting,  the 
longer  and  higher  the  heat  to  which  it  is  exposed.  Hence,  good  coke  cannot  be  made 
in  a  short  time,  and  that  used  in  locomotive  engines  is  commonly  from  48  to  96,  or 
even  120  hours  in  the  process  of  manufacture. 

The  prospects  of  improvement  in  coke-making  point  rather  to  alterations  in  the 
oven  than  in  the  process.  Formerly  it  was  not  thought  possible  to  utilise  the  heat 
evolved  by  the  gaseous  constituents  of  the  coal;  but  now,  as  an  example  of  the  in- 
correctness of  tlus  idea,  it  may  be  stated  that  at  the  Felling  Chemical  Works,  200 
tons  of  salt  per  week  are  made  by  the  waste  heat  alone,  and  it  is  also  employed  in 
partially  heating  the  blast  for  one  of  the  furnaces.  There  appears  no  valid  reason 
why  sets  of  coke-ovens  might  not  be  so  arranged  as  mutually  to  compensate  for  each 
other,  and  produce  upon  one  particular  flue  a  constant  and  uniform  effect  Contri- 
vances of  this  kind  have  been  prcjected;  but  hitherto^  we  may  suppose,  without 
uniform  success,  as  many  of  our  large  coke- 
makers  still  continue  the  old  mode  of  working.  ^^^ 

The   following   flgure,    489,    represents   a 
Shachtofen,  or  pit-kiln,  for  coking  coals   in 

Germany,    a  is  the  lining  (chemise),  made  of 

fire-bricks  ;  the  enclosing  walls  are  built  of  the 

same  material ;  6, 6,  is  a  cast-iron  ring  covered 

with  a  cast-iron  plate  e.    The  fioor  of  the  kiln 

is  massive.    The  coals  are  introduced,  and  the 

coke  taken  out,  through  a  hole  in  the  side  d ; 

during  the  process  it  is  bricked  up,  and  closed 

with  an  iron  door.    In  the  surrounding  walls 

are  four  horizontal  rows  or  flues  e,  e,  e, «,  which 

are  usually  iron  pipes ;  the  lowest  row  is  upon 

a  level  with  the  floor  of  the  kiln;  and  the 

others  are  each  respectively  one  foot  and  a 

half  higher  than  the  preceding.    Near  the  top 

of  the  shaft  there  is  an  iron  p|ipe  /,  of  from 

8  to  10  inches  in  diameter,  whidi  allows  the 

incoerdble  vapours  generated  in  the  ookinff  to  escape  into  the  oondenser,  which 

consists  either  of  wood  or  brick  chambers.    For  kindling  the  ooal,  a  layer  of  wood  is 

first  placed  on  the  bottom  of  the  kiln. 
The  coking  of  sm&U  coal  is  performed  upon  vaulted  hearths,  someirhat  like  baksfif 
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ovens,  but  with  BtiU  ^tter  roofs.  Of  suoh  lalnB,  several  are  placed  alosginde  one 
another,  each  being  an  ellipse  deviating  little  from  a  ciide,  so  that  the  month  may 
project  but  a  smaU  space.  The  dimensions  are  such,  that  from.  10  to  12  cubic  feet 
of  coal  culm  may  be  spread  in  a  layer  6  inches  deep  unon  the  sole  of  the  furnace. 
The  top  of  the  flat  anm  of  fire  brick  should  be 
covered  inth  a  stratum  of  loam  and  sand. 

Figs.  490  and  491  represent  such  a  kila  as  is 
mounted  at  Zabrze,  in  Upper  Silesia,  for  coking  small 
coal.  Fi^,  490  is  the  ground  plan ;  Jig.  491  the  ver- 
tical section  in  the  line  of  the  long  axis  of  fig.  490. 
a  is  the  sand-bed  of  the  hearth,  un£r  the  hnd.  sole ; 
h  is  the  roof  of  large  fire-bricks ;  e,  the  covering  of 
loam ;  d,  the  top  surface  of  sand ;  e  the  orifice  in  the 
front  vail,  for  admission  of  the  culm,  and  runoval 
of  the  coke  over  the  sloping  stone  /.  The  flame  and 
vapours  pass  off  above  the  orifice,  through  the  chimney 
marked^,  or  through  the  aperture  h,  into  a  lateral 
chimney,  t  is  a  bar  of  iron  laid  across  the  front  of 
the  door,  as  a  fhlcrum  to  work  the  iron  rake  upon. 
A  layer  of  coals  is  first  kindled  ui>on  the  hearth,  and 
when  this  is  in  brisk  ignition,  it  is  covered  with  the 
culm  in  successive  sprinklings.  When  the  ooal  is 
sufficiently  coked,  it  is  raked  out  and  quenched  with 
water. 

Fig.  492  reporesents  a  ample  coking  MeUer  or  moimd,  constructed  in  a  circular  form 
round  a  central  chimney  of  loose  bricks,  towards  which  small  horizontal  fines  are  laid 
among  the  lumps  of  coals.  The  sides  and  top  are  covered  with  culm  or  slack,  and 
the  heap  is  kindled  from  certain  openings  towards  the  circumference.  F^.  498 
represents  an  oblong  Meiler,  sometimes  made  100  or  150  feet  in  length,  and  from  10  to 
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12  in  breadth.  The  section  in  the  middle  of  the  figure  shows  how  the  lumps  are  piled 
up, ;  the  wooden  stakes  are  lifted  out  when  the  heap  is  finished,  in  order  to  introduce 
kindlings  at  various  points ;  and  the  rest  of  the  MeHer  is  then  covered  with  slack 
and  clay,  to  protect  it  from  the  rains.  A  jet  of  smoke  and  flame  is  seen  issuing  from 
its  left  end. 


An  excellent  range  of  fttmaoes  for  making  a  superior  article  of  coke,  for  the  i  _ 
of  locomotive  engines  of  the  London  and  Birmingham  Bailway  Company,  has  booi 
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erected  at  the  Giunden  Town  station,  consisting  of  18  orens  in  two  lines,  the  irhole 
dis^arging  theb  pcodnots  of  combustion  into  a  hoziaontal  fine,  which  terminates  in  a 
chimney-stack  116  feet  high.  Fig,  494  is  a  ground  plan  of  the  elliptical  ovens,  each 
beinff  12  feet  by  11  intemallj,  and  having  8  feet  thickness  of  walls,  a,  a  is  the 
mouu,  8}  feet  wide  outside,  and  about  2}  feet  within.  5,  6  are  the  entrances  into  the 
flue ;  they  may  be  shut  more  or  less  comidetely  bv  horizontal 
sialyl  of  fire-brick,  resting  on  iron  frames,  bushed  in  from 
behind  to  modify  the  draught  of  air.  The  grooves  of  these 
damper-slabs  admit  a  small  stream  of  air  to  complete  the 
combustion  of  the  volatilised  particles  of  sooL  By  this 
means  the  smoke  is  well  consumed.  The  flue  e,  e,  is  2^  feet 
high,  by  21  inches  wide.  The  chimney  d,  at  the  level  <n  the 
flue,  is  11  feet  in  diameter  in  the  inside  and  17  outside ;  being 
built  from  an  desant  design  of  Bobert  Stephenson,  Esq.  «,  e 
are  the  keys  of  the  iron  hoo^  which  bind  the  brick-wozk  of 
the  oven.  Ftp.  496  is  a  vertical  section  in  the  line  a,  b,  of 
fy»  494,  showing  at  b,  b,  and  e,  s,  the  entrances  of  the  dif- 
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ferent  ovens  into  the  horizontal  flue;  the  direction  of  the  draught  being  indicated 
by  the  arrows.  /,/,  is  a  bed  of  concrete,  upon  which  the  whole  furnace  range  is 
built,  the  level  of  the  ground  being  in  the  middle  of  that  bed.  ^  is  a  stanchion  on 
which  the  crane  is  mounted ;  A  is  a  section  of  the  chimney  wall,  wiUi  part  of  the 
interior  to  the  left  of  the  strong  line.  Fu^,  496  is  a  front  elevation  of  two  of  these 
elegant  cokd  ovens ;  in  which  the  bracing  hoops  t,  «,  t,  are  shown ;  Ar,  A;  are  the 
cast-iron  doors,  strengthened  outside  with  diagonal  ridges ;  each  door  being  6^  feet 
high,  by  4  feet  wide,  and  lined  internally  with  fire-bricks.  They  are  raised  and 
lowered  by  means  of  chains  and  counterweights,  moved  by  the  crane  /. 
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Each  alternate  oven  is  charged,  between  8  and  10  o'doek  every  momiqg,  with 
3^  tons  of  good  coals.  A  wisp  of  straw  is  thrown  in  on  the  top  of  the  heap,  which 
tSkea  fire  by  the  radiation  from  the  dome  (which  is  in  a  state  of  duU  ignition  from 
the  preceding  operation),  and  inflames  the  smoke  then  rising  fhrni  the  surface*  by 
the  reaction  of  the  hot  sides  and  bottom  upon  the  body  of  the  fheL  In  this  way  tbie 
smoke  is  consumed  at  the  very  commencement  of  the  process,  when  it  would  other- 
wise be  more  abundant    The  coking  process  is  in  no  respect  a  species  of  distillatiott, 
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but  a  oompleto  coinbiution  of  the  volatile  principles  of  the  eoaL  The  mass  of  eoak 
is  first  kindled  at  the  surface,  where  it  is  supplied  with  abundance  of  atmospheric 
oxygen ;  because  the  doors  of  the  ovens  in  front,  and  the  throat-vents  behind,  are 
then  left  open.  The  consequence  is,  that  no  smoke  is  discharged  &om  the  top  of  the 
chimney,  at  this,  the  most  sooty  period  of  the  process,  than  is  produced  by  an  ordinary 
kitchen  fire.  In  these  circumstances,  the  coal  gas,  or  other  gas,  supposed  to  be  gene- 
rated in  the  slightly  heated  mass  beneath,  cannot  escape  combustion  in  passing  up 
through  the  bri^t  open  flame  of  the  oven.  As  the  coking  of  the  coal  advances  moire 
slowly  and  regularly  from  the  top  of  the  heap  to  the  bottom,  only/>ne  layer  is  affected 
at  a  time,  and  in  succession  downwards,  while  the  surface  is  always  covered  with  a 
stratum  of  red-hot  cinders,  ready  to  consume  every  particle  of  carburetted  or  sul- 
phuretted hydrogen  gases  which  may  escape  firom  below.  The  greatest  mass,  when 
calcined  in  this  downward  order,  cannot  emit  into  the  atmosphere  any  more  of  the 
above-mentioned  gases  than  the  smallest  heap. 

The  coke  being  perfectly  freed  from  all  ftdiginous  and  volatile  matters  by  a  cal- 
cination of  upw^xls  of  40  hours,  is  cooled  down  to  a  moderate  ignition  by  sHding-in 
the  dampers,  and  sliding-up  the  doors,  which  had  been  partially  closed  during  the 
latter  part  c^  the  process.  It  is  now  observed  to  form  prismatic  concretions,  somewhat 
like  a  columnar  mass  of  basalt.  These  are  loosened  by  iron  bars,  lifted  out  upon 
shovehi  furnished  with  long  iron  shanks,  which  are  poised  upon  swing  chains  with 
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hooked  ends,  and  the  lumps  are  thrown  upon  the  pavement,  to  be  extinguished  by 
sprinkling  water  upon  them  from  the  rose  of  a  watering  can ;  or,  thev  might  be 
transferrMl  into  a  la^  chest  of  sheet-iion  set  on  wheels,  and  then  covered  up.  Good 
ooab,  thus  treated,  yield  80  per  cent,  of  an  excellent  compact  glistening  coke,  weighing 
about  14  cwts.  per  chaldron. 

The  loss  of  weight  in  coking  in  the  ordinary  ovens  is  usually  reckoned  at  25  per 
cent. ;  and  coal,  which  thus  loses  one-fourth  in  weight,  gains  one-fourth  in  bulk. 

Labourers  who  have  been  long  employed  at  righdy-oonstmcted  coke  ovens  seeox  to 
BJi^j  remarkably  good  health. 

mr,  Ebenezer  Bogers,  of  Aberoam,  in  Monmouthshire,  introduced  a  method  of 
coking,  which  he  thus  described:— 

'  A  short  time  ago  a  plan  was  mentioned  to  the  writer  as  having  been  used  in 
Westphalia,  by  which  wood  was  charred  in  small  kilns :  as  the  form  of  kiln  described 
was  quite  new  to  him,  it  led  him  to  some  reflection  as  to  the  principles  on  which  it 
acted,  which  were  found  to  be  so  simple  and  e£fedive,  that  he  detetmined  to  apply 
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them  on  a  large  scale  for  ooldng  coaL  The  result  has  been  that  in  the  conxse  of  a 
few  months  the  original  idea  has  been  so  satisDEuHxuilj  matured  and  deyeloped,  that 
instead  of  coking  6  tons  of  coal  in  an  oven  costing  SOI.  150  tons  of  coal  are  now 
being  coked  at  once  in  a  kiln  costing  less  than  the  former  single  oven. 

*  Figs.  497  and  498  are  a  side  elevation  and  plan  of  one  of  the  new  coking  kilns 
to  a  small  scale  ;  fig.  499  is  an  enlarged  transverse  section. 

*  D  D  are  the  walls  of  the  kilni  which  are  provided  with  horizontal  fines,  b,  f, 
which  open  into  the  side  or  bottom  of  the  mass  of  coaL  Connected  with  each  of  these 
fines  are  the  vertical  chimneys  o,  h.  The  dotted  lines  1 1,  fig.  498»  represent  a  moveable 
railway,  by  which  the  coal  may  be  brought  into  the  kiln  and  the  coke  removed  from 
it  In  filling  the  kiln  with  coal,  care  is  taken  to  preserve  transverse  passages  or  fines 
for  the  air  and  gases  between  the  corresponding  fines  b  f  in  the  opposite  walls.  This 
is  effected  by  building  or  constructing  the  passages  at  the  time  with  the  larger  pieces 
of  coal,  or  else  by  means  of  channels  or  fines  permanently  formed  in  the  bed  of  the 
kiln.  When  the  coal  is  of  different  sizes,  it  is  also  advantageous  to  let  the  size  of  the 
pieces  diminish  towards  the  top  of  the  mass.  The  surface  of  the  coal  when  filled  in  is 
covered  with  small  coal,  ashes,  and  other  suitable  materiaL 

*  When  the  kiln  is  filled  the  openings  x  at  the  ends  are  built  up  with  bricks,  as 
shown  dotted  ;  the  kiln  is  not  covered  by  an  arch,  but  left  entirely  open  at  the  top. 
The  apertures  of  the  fines  f  and  the  chimneys  a  are  then  dosed,  as  shown  in  fig.  499, 
and  the  coal  is  ignited  through  the  fiues  b  ;  the  air  then  enters  the  fines  s,  and  passes 
through  Uie  coal,  and  then  ascends  the  chimneys  h,  as  shown  by  the  arrows.  When 
the  current  of  air  has  proceeded  in  this  direction  for  some  hours,  the  fiues  b  and 
chimneys  h  are  dosed,  and  f  and  o  are  opened,  which  reverses  the  direction  of  the 
current  of  air  through  the  mass,  lliis  alteration  of  the  current  is  repeated  as  often 
as  may  be  required.  At  the  same  time  air  descends  through  the  upper  surface  of  the 
mass  of  coal.  When  the  mass  is  well  ignited,  which  takes  place  m  from  24  to  36 
hours,  the  external  apertures  of  the  fiues  b  and  f  are  dosed,  and  the  chimneys  o  and 
H  opened :  the  air  now  enters  through  the  upper  surfEioe  of  the  coal  only,  and  descends 
through  the  mass  of  the  coal,  the  products  of  combustion  passing  up  the  chimneys. 

'The  coking  gradually  ascends  from  the  bottom  of  the  mass  to  tne  top,  and  can  be 
easily  regulated  or  equalised  by  opening  or  closing  wholly  or  partially  the  apertures 
of  the  fines  or  chimneys.  The  top  surface  of  the  (^  being  kept  cool  by  the  descend- 
ing current  of  air,  the  workman  is  enabled  to  walk  over  it  dunng  the  o|)eration ;  he 
inserts  from  time  to  time  at  different  parts  of  the  surface  an  iron  bar,  which  is  easily 
pushed  down  until  it  reaches  the  mass  of  ooke,  by  which  its  further  descent  is  pre- 
vented. In  this  way  the  workman  gauges  the  depth  at  which  the  coldng  process  is 
taking  place,  and  if  he  finds  it  to  have  progressed  nigher  at  one  part  than  at  another, 
he  doses  the  chimneys  communicating  with  that  pait^  and  thus  retards  the  progress 
there.  This  gauging  of  the  surface  is  carried  on  without  difSculty  until  the  coking 
process  has  arrived  close  to  the  top.  The  gases  and  tarry  vapours  produced  by  Uie 
distillation  or  combustion  descend  through  the  interstices  of  the  incandescent  mass 
below,  and  there  deposit  a  portion  of  the  carbon  contained  in  them,  the  residual 
gases  passing  np  the  chimneys.  The  coke  at  the  lower  part  of  the  kiln  is  effectually 
protected  from  the  action  of  the  air,  by  being  surrounded  and  enveloped  in  the  gases 
and  vapours  which  descend  through  it,  and  are  non-supporters  of  combustion. 

*  When  the  mass  of  coal  has  been  coked  up  to  the  top,  which  takes  place  in  about 
seven  days,  it  is  quenched  with  water,  the  walls  closing  tne  end  openings,  k,  are  taken 
down,  and  the  coke  is  removed.  When  a  portion  has  been  removed,  a  moveable 
railway  is  laid  in  the  kiln,  so  as  to  fadlitate  the  removal  of  the  remainder  of  the 
ooke. 

*  The  flues  b  and  f  may  enter  at  the  bottom  of  the  kiln,  or  at  the  sides  above  the 
bottom,  as  in  fig.  499 ;  in  the  latter  case  the  space  bdow,  np  to  the  level  of  the 
bottom  of  the  flues,  may  be  filled  with  small  coal,  which  becomes  coked  by  the 
radiated  heat  firom  the  incandescent  mass  above.  The  transverse  passages  through 
the  mass  are  then  constructed  upon  this  bed  of  small  coal  with  the  larger  lumps 
of  coal,  as  before  mentioned.  The  flues  and  chimneys  need  not  necessarily  be 
horizontal  and  vertical ;  and  instead  of  connecting  a  separate  chimney  with  each 
transverse  fine,  fiues  may  be  constructed  longitudinally  in  the  walls  of  the  kiln,  so  as 
to  connect  two  or  more  of  the  transverse  flues,  which  are  then  regulated  by  dampers, 
conveying  the  gaseous  products  from  them  into  chimneys  of  any  convenient  height ; 
the  arrangement  first  described,  however,  and  shown  in  the  drawings  is  preferred. 
The  gaseous  products  may  be  collected,  and  tar  and  ammonia  and  other  chemical 
compounds  manufactured  from  them  b^  the  usual  modes.  The  coking  or  charring  of 
peat  and  wood  may  be  effected  in  a  similar  manner  to  that  already  described  with 
reg^^toooal. 

'  The  new  kilns  have  proved  entirely  snccessful ;  they  are  already  in  use  at  some  of 
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did  lazgest  iion-works  in  the  idngdom,  and  are  being  ereeted  at  a  nunbec  of  other 
works.  The  great  saTing  in  first  cost  of  oven,  eoonomj  in  irorking  and  maintenance, 
inoreased  yield,  and  improyed  qnalitj  of  coke,  will  probably  soon  canse  this  mode  of 
coking  to  supersede  the  others  now  in  nse.  The  kilns  are  most  advantaeeonsljr  made 
abont  14  feet  in  width,  and  90  feet  in  leiqg;th,  and  7  feet  6  inches  in  height ;  this  size 
of  kiln  contains  about  150  tons  of  coaL' 

Erom  the  long  experience  of  this  gentleman  we  are  induced  to  quote  yet  fbrtiier 
from  his  memoir : — 

*  The  process  of  coking  converts  the  coal  into  a  porous  mass;  but  this  is  done  during 
the  melting  of  the  ooal,  at  whidi  naoment  the  gases  in  liberating  themselres  form  very 
minute  bubbles ;  but  the  practical  result  is  the  same  as  in  wood-coal,  allowing  a  large 
surfiEice  of  carbon  in  a  small  space  to  be  acted  upon  by  the  blast  As  a  general  rule, 
coke  made  rapidly  has  larger  pores  and  is  lighter  than  coke  made  slowly ;  it  accord- 
ingly bears  less  blast,  and  crumbles  too  easily  in  the  ftimaoe. 

*  The  process  of  coking  in  the  ordinary  ovens  may  be  thus  explained : — When  the 
oven  is  filled  with  a  proper  chai;^,  the  coal  is  firea  at  the  surrace  bf  the  radiated 
heat  from  the  roof;  enough  air  is  admitted  to  consume  the  gases  given  off  by  the 
coal,  and  thus  a  high  temperature  is  maintained  in  the  roof  of  the  oven.  The  coal  is 
by  this  means  melted ;  and  those  portions  of  it  which,  under  the  influence  of  a  high 
temperature,  can  of  themselves  form  gaseous  compounds,  are  now  given  ofl^  forming  at 
the  moment  of  their  liberation  small  bubbles  or  cells ;  the  coke  now  left  is  quite  Safe 
£K>m  waste,  unless  a  farther  supply  of  air  is  allowed  to  have  access  to  it  At  this 
stage  of  the  process,  the  coke  assumes  a  pentagonal  or  five-sided  shape  and  cdumziar 
structure.  When  the  coke  is  left  exposed  to  heat  for  some  time  after  it  is  formed,  it 
becomes  harder  and  works  better,  firom  being  less  liable  to  crush  in  the  fkimaoe  and 
decrepitate  on  exposure  to  the  blast 

*  It  has  been  often  remarked  as  a  strange  fcMst,  that  the  hotter  the  oven,  the  better 
the  yield  ef  coke;  hence  all  the  arrangements  of  flues  to  keep  up  the  temperature 
of  the  ovens.  This  tact  is,  however,  the  result  of  laws  well  known  to  diemists.  When 
the  coal  is  melted  as  above  mentioned,  the  hydrogen  in  the  coal  takes  up  two  atoms  of 
carbon  f(»  each  two  atoms  of  hydrogen,  forming  bicarburetted  hydrogen  gas  (CH*) ; 
this  at  once  escapes,  but  it  has  to  pass  upwards  through  the  red-hot  coke  above,  idiidi 
is  at  a  higher  tomperatora  than  the  melted  coal  below.  Now  when  bicarburetted 
hydrogen  gas  is  ^Soeed  to  a  bright  red  heat  it  is  decomposed,  forming  carburetted 
hydrogen  gas  (OHm,  and  depositing  one  atom,  or  one  half  of  its  carbon,  in  a  solid 
form.  Consequently  in  the  process  of  coking,  if  the  oven  is  in  good  working  order, 
ind  the  coke  not  enough,  the  liberated  carbon  is  detained  in  its  passage  upwaras,  and 
either  absorbed  by  the  coke,  or  crystallised  par  se  upon  it  This  is  simply  illustrated 
by  passing  ordinary  illuminating  gas  through  a  tube  heated  to  a  bright  red  heat ; 
the  tube  will  soon  become  coated  internally,  and  ultimately  filled  with  a  carbonaoeoos 
deposit  produced  by  the  decomposition  of  the  bicarburattea  hydrogen  contained  in  the 
gas. 

'  It  is  found  that  some  ooal  which  is  too  dr^  or  not  sufficiently  bituminous  to  coke 
when  put  into  the  oven  by  itself  in  lumps,  vnll  coke  perfectly  if  crashed  small  and 
well  wetted  with  water  and  charged  in  this  state.  This  fact,  if  followed  out,  would 
lead  to  an  examination  of  the  chemical  nature  of  the  efiEbct  produced  by  the  water,  luid 
would  point  the  way  to  further  improvements.' 

Charred  Goal,  as  it  is  called,  must  be  regarded  as  a  species  of  coke.  It  has  been 
largely  employed  in  lieu  of  charcoal  in  the  manu&icture  of  tin  plates.  This  prepara- 
tion was  also  a  discovery  of  Mr.  Ebenezer  Bogers,  who  thus  described  its  manu&ctura : — 

The  preparation  of  the  'charred  coal*  is  simple.  The  coal  is  first  reduced  very 
small,  and  washed  by  any  of  the  ordinaiy  means ;  it  is  then  spread  over  the  bottom 
of  a  reverberatoiy  furnace  to  a  depth  of  about  four  inches ;  the  bottom  of  the  fdmaee 
is  first  raised  to  a  red  heat  When  the  small  coal  is  thrown  oyer  the  bottom,  a  great 
volume  of  gases  is  given  off,  and  much  ebullition  takes  place ;  this  ends  in  the  pro- 
duction of  a  light  spongy  mass,  which  is  tamed  over  in  the  furnace  and  drawn  in  one 
hour  and  a  ha&.  To  completely  dear  off  the  sulphur,  water  is  now  firedy  sprinkled 
over  the  mass  until  all  smell  df  the  sulphuretted  hydrogen  produced  ceases.  Chaired 
coal  has  been  hitherto  produced  on  the  fioor  of  a  coke  oven,  whilst  red  hot  after 
drawing  the  charge  of  coke.    See  Tin-Piatb  Maihtfactubb. 

A  process  has  for  some  time  been  gaining  ground  in  Trance  known  as  the  *  S^imi 
Appwt*  from  its  being  introduced  by  two  brothera  of  that  name.  The  coking  fumaaoa 
employed  are  vertical,  and  they  are  in  compartments.  The  autbon  pubHidiea  a 
descri^on  of  their  process  and  a  statement  of  its  results,  '  Carbomsaikm  ae  la  EimilU 
^Sterne  Appolty  cUcrit  par  lea  Auteurs,  MM.  Appolt  Frirea  :  *  Paris,  1858 ;  to  which 
we  must  refer  our  readers. 

H.  Copp^  has  a  coke  oven  whidi  has  been  largely  used  in  Belgium,  and  it  has 
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been  intzodueed  at  the  Thoroeliffe  colUeriee.    The  followixig  ohjeots  an  aimed  at  in 
the  construction  of  the  Copp^  ovens  :— 

1.  The  retention  (as  coke)  of  as  laxge  a  proportion  of  the  carbon  eontained  in  the 
coal  as  possible. 

2.  The  utilisation  of  the  heat  of  the  gasea  given  o£^  by  the  nse  of  floes  arranged 
to  maintain  a  high  temperature,  and  applied  in  such  contiguity  to  the  oven  itself  as 
to  hasten,  by  imparting  an  intense  heat  to  the  inside  of  the  oven,  the  expulsion  of  the 


3.  As  a  secondary,  but  consequent  consideration,  the  application  of  the  heat 
retained  by  the  gases  when  they  leave  the  stack  of  ovens,  to  the  production  of 
steam. 

The  Copp^  ovens  have  each  the  form  of  a  parallelogram,  the  usual  dimensions 
being:  length,  29  feet  6  inches;  breadth,  18  inches;  height,  4  feet.  These  are 
charged  "with  coals  eveiy  24  hours.  When  built  to  be  drawn  every  48  hours,  the 
ovens  have  the  same  length,  but  are  built  6  feet  7  inches  high  and  24  inches  broad. 
The  thickness  of  brickwork  between  the  ovens  is  13'2  inches. 

The  coals,  whether  washed  or  otherwise,  are  crushed  or  disintegrated  before  being 
placed  in  the  oven  to  the  consistency  of  very  coarse  meaL  At  each  end  of  the  oven 
are  two  metal  doors  moving  on  hinges,  and  fixed  securely  in  metal  frames,  the  lower 
being  3  feet,  and  the  upper  1  foot  in  height    Between  each  two  ovens  are  about  28 

600 


vertical  channels,  v  v  (fig.  500),  which,  leading  from  one  side  of  each  oven,  convey  the 
gases  down  to  the  horizontal  flues,  h  h,  one  of  which  runs  under  each  oven.  The  ovens 
are  arranged  in  groups  of  two.  The  gases  from  each  two  ovens,  a  a  or  b  b,  take  their 
course  down  vertical  channels  to  the  horizontal  flue  tmder  one  of  the  ovens,  entering 
such  flue  by  the  apertores  o  a  The  combined  gases,  after  passing  along  this  flue  to  the 
end  of  the  oven,  return  by  the  flue  under  the  other  oven,  and  enter,  at  the  point  p, 
into  a  large  channel  running  at  right  angles  to  the  ovens,  J.  They  pass  from 
this  channel,  either  directiy  into  a  chimney,  or  are  carried  under  one  or  several 
boilers. 

At  the  commencement  of  the  burning  the  admittance  of  air  is  regulated  by  three 
small  channels,  by  means  of  each  of  which  air  can  be  conveyed  to  the  top,  either  of 
the  oven,  or  of  the  vertical  flues.  One  of  these  air-passages  is  in  the  centre  of  the 
oven,  and  is  worked  by  the  doors,  d  d,  and  the  otb^  are  flxed  at  each  end  of  the 
oven,  at  the  side  of  the  doorway,  as  shown  by  f  f,  a  very  simple  arrangement  of 
sliding  doors  allowing  the  air  to  be  applied  or  shut  oB,  with  great  f^ility  and 
promptness. 

The  coke  is  removed  firam  the  ovens  by  means  of  a  ram,  propelled  by  a  cogged 
driving-wheel,  which  is  irorked  by  a  small  poitable  engine. 
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When  tiie  coke  is  ready  to  be  taken  from  the  oyen,  the  engine  and  ram  are  placed 
opposite  to  the  end  of  the  oven,  and  three  wagons  of  coal  are  placed  ovet  the  three 
openings  at  the  top.  The  coke  is  then  pnshed  out  by  the  ram,  tlus  operation  oocnpyiDg 
about  two  minutes.  A  jet  of  water  is  at  once  applied  to  the  coke  whilst  it  is  being 
spread  out  on  the  floor.  At  the  same  time  the  lower  doors  are  dosed,  and  the  ooal 
dropped  into  the  oven,  the  apertures  through  which  the  coal  passes  being  immediately 
coyered  np  by  sliding  doors.    The  ooal  is  leyelled  in  the  oyens  by  means  of  rakes 

?assed  through  the  opening  of  the  upper  doors.  The  upper  doors  ure  then  closed, 
he  time  occupied  from  the  moment  the  doors  are  opened  to  their  being  sealed  up 
again  is  ei^ht  minutes.  These  oyens  haye  been  found,  by  a  large  number  of  experi- 
ments to  yield  only  2  per  cent,  short  of  the  actual  quantity  of  fixed  carbon  contained 
in  the  coal  used. 

The  workings  of  the  oyens  at  Thomdifife,  Ghapeltown,  gaye  the  following  compara- 
tive results : — 

Per  oent.  of  coke  for      Per  cent,  of  oaks 
washed  cool  fOr  unwashed  ooal 

Common  Oyen 46        .        .        .54 

Copp^  Oyen  .        .  ...    69        ...    68 

The  high  per-centage  of  carbon  yielded  by  the  Copp^  oyen  is  probably  chiefly  due : 
1st.  To  the  delicate  manner  in  which  the  admittance  of  air  to  the  oyens  can  be 
regulated.  The  temperature  of  the  common  oyen  is  comparatiyely  low  when  the 
combustion  of  the  coal  commences,  and  some  time  is  occupied  before  the  ooal  is  in  a 
state  of  combustion.  Puiing  this  time  a  considerable  quantity  of  air  is  allowed  to 
enter  the  oven,  and  carbonic  acid  is  formed.  This  naturally  takes  np  a  large  propoir- 
tion  of  the  carbon  in  the  coal,  which  is  thus  removed  almost  before  the  c<3dng  pro- 
cess begins.  When,  however,  the  temperature  of  the  oven  in  being  refilled  is  very 
high,  as  in  the  Oopp^  r^tem,  it  is  not  unlikely  that  the  free  carbon,  being  thrown 
off  quickly,  will  tmite  with  the  air  and  form  t^e  oxide,  taking  up  no  more  carbon 
than  if,  by  the  introduction  of  a  larger  quantity  of  air,  carbonic  add  were  formed. 

2nd.  To  the  very  small  space  allowed  in  the  oven  fat  the  movement  of  the  burning 
gases. 

8rd.  To  the  care  with  which  leakages  are  provided  against 

The  quickness  with  which  coke  is  manufactured  by  the  Copp^  system  is  doabtleas 
due  to  the  rapid  combustion  caused  by  the  action  of  the  constantly-maintained  hi^ 
temperature  of  the  side,  top,  and  bottom  of  the  ovens,  up  the  endosed  thin  upright 
layer  of  coal. 

Such  is  a  sufKdent  general  description  of  this  new  method  of  coking  coal.  For 
fbrther  particulars  as  to  the  cost  of  erection,  working  expenses,  utilisation  of  gases, 
and  other  matters,  the  reader  is  referred  to  a  paper  ziad  by  Mr.  Emerson  Bainbridge 
before  the  North  of  England  Institute  of  Mining  and  Medianical  Engineers,  and 
published  in  their  *  Transactions '  1873,  p.  81. 

Messrs.  Breckon  and  Dixon  have  patented  a  coke-oven  in  which  the  heat  of  the 
ignited  products  of  combustion  is  utilised  by  circulating  through  flues  beneath  the  floor 
of  the  ovens.  It  is  said  that  by  thus  heating  the  floor,  the  process  of  coking  is  greatly 
fadlitated. 

In  the  so-called  anchor-ovens  the  entire  charge  of  coke  may  be  drawn  out  in  one 
mass,  by  means  of  an  iron  instrument  termed  an  anchor,  thus  saving  a  considerabiA 
amount  of  labour. 

COXB8.    A  name  given  to  tin  plates  which  have  been  prepared  with  coke. 

COXiOOTBAB  OF  VXTRZOA  (Borne  fPAngUterre^^r. ;  Bathes  Eitenoxyd, Ger.), 
the  antiquated  name  of  oxide  of  iron.  U  is  the  brownish-red  peroxide  of  iron,  i«o- 
duced  by  calcining  sulphate  of  iron  at  a  strong  heat,  levigating  the  resulting  mass, 
and  elutriating  it  into  an  impalpable  powder.  A  better  way  of  making  it,  so  as  to 
complete  the  separation  of  the  add,  is  to  mix  100  parts  of  the  green  sulphate  of  iron 
with  42  of  conmion  salt^  to  caldne  the  mixture,  wash  away  the  resulting  sulphate  of 
soda,  and  levigate  the  residuum.  The  best  sort  of  polishing  powder,  called  jewdlen^ 
rouge,  or  plate-powder,  is  the  predpitated  oxide  of  iron  prepared  by  adding  solution 
of  soda  to  solution  of  copperas,  washing,  drying,  and  cfdaning  the  powder  in  shallow 
vessels  with  a  gentle  heat,  till  it  assumes  a  deep  brown-red  colour. 

CO&3>  BXhABT.    See  Ibom  and  Hot  Blast. 

COlbZiZBZVS.  A  volatile  base  discovered  by  Anderson  in  bone  oil,  and  sobse- 
quently  found  in  shale  naphtha. 

COX&OBZOV.  M.  Malgaigne  communicated  to  the  French  Medical  Joomals 
some  remarks  on  the  preparation  of  gun-cotton  for  surgical  purposes  Several  French 
chemists,  at  the  suggestion  of  M.  Malgaigne,  attempted  to  make  an  ethereal  solution  of 
this  compound  by  pursuing  the  process  recommended  by  Mr.  Maynard  in  the  i 
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Jonrnal  of  Medical  Sdenoe,  but  they  failed  in  procaring  the  cotton  in  a  state  in  which 
it  could  be  dissolved  in  ether.  It  appears  that  these  experimentalists  had  emplo;^a 
mixture  of  nitric  and  sulphuric  acids ;  but  M.  Miallie  ascertained,  after  many  trials, 
that  the  collodion  in  a  state  fitted  for  solution  was  much  more  easily  procured  by 
using  a  mixture  of  nitrate  of  potash  and  sulphuric  acid. 

For  the  information  of  our  readers,  we  giye  here  a  description  of  M.  Miallie's 
process  for  its  preparation.  It  appears  from  the  results  obtained  from  this  chemist, 
that  cotton  in  its  most  explosive  form  is  not  the  best  fitted  for  making  the  ethereal 
solution : — 

Parts  by  welfl^t 
Finely-powdered  nitiato  of  potash    .  .  .40 

Concentrated  sulphuric  ada  .  .  .  .60 

Carded  cotton  .  .  .  .  .2 

Mix  the  nitrate  with  the  sulphuric  add  in  a  porcelain  vessel,  then  add  the  cotton,  and 
agitato  the  mass  for  three  minutes  by  the  aid  of  two  glass  rods.  Wash  the  cotton,  with- 
out first  pressing  it,  in  a  large  quantity  of  water,  and  when  all  acidity  is  removed 
(indicated  by  litmus  paper),  press  it  firmly  in  a  doth.  Pull  it  out  into  a  loose  mass, 
and  dry  it  in  a  stove  at  a  moderate  heat. 

The  compound  thus  obtained  is  not  pure  fulminating  cotton ;  it  always  retains  a 
small  quantity  of  sulphuric  add,  is  less  inflammable  than  gun-cotton,  and  it  leaves  a 
carbonaceous  residue  after  explosion.  It  has,  however,  in  a  remarkable  de^ee  the 
property  of  solubility  in  ether,  espedally  when  mixed  with  a  little  alcohol,  and  it  forms 
therewith  a  very  adhedve  solution,  to  which  the  name  of  collodion  has  been  applied. 

Preparation  of  Collodion. — ^Prepared  cotton,  8  parts ;  rectified  sulphuric  ether,  125 
pans ;  rectified  alcohol,  8  parts :  all  by  weight. 

Put  the  cotton  with  the  ether  into  a  well-stopped  bottle,  and  shake  the  mixture  for 
some  minutes.  Then  add  the  alcohol  by  degrees,  and  continue  to  shake  until  the  whole 
of  the  liquid  acquires  a  syrupy  consistency.  It  may  be  then  passed  through  a  doth, 
the  residue  strongly  pressed,  and  the  liqmd  kept  in  a  well-secured  bottle. 

Collodion  thus  prepared  possesses  remarkable  adhesive  properties.  A  piece  of  linen 
or  cotton  doth  covered  with  it,  and  made  to  adhere  by  evaporation  to  the  palm  of  the 
hand,  will  support  a  wdght  of  twenty  or  thirty  pounds.  Its  adhesive  power  is  so  great 
that  the  cloth  will  commonly  be  torn  before  it  gives  way.  The  collodion  cannot  bo 
regarded  as  a  perfect  solution  of  the  cotton.  It  contains  suspended  and  floating  in  it 
a  quantity  of  vegetable  fibre,  which  has  escaped  the  solvent  action  of  the  ether.  The 
liquid  portion  maybe  separated  from  these  fibres  by  a  filter,  but  it  is  doubtful  whether 
this  is  an  advantage.  In  the  evaporation  of  the  liquid  these  undissolved  fibres,  by 
felting  with  each  other,  appear  to  give  a  greater  degree  of  tonadty  and  resistance^ 
the  dried  mass. 

Small  balloons  for  holding  gas  are  also  made  of  collodion  by  pouring  it  into  a 
glass  globe,  and  turning  it  about,  so  that  every  part  is  covered  with  the  fluid.  As 
the  ether  evaporates,  a  thin  flim  is  left  on  the  surface  of  the  glass.  To  remove  this, 
a  glass  tube  is  inserted  into  the  neck  of  the  flask,  so  that  Sie  collodion  fllm  may 
adhere ;  the  air  is  sucked  out,  and  the  collapsed  fllm  is  easily  withdrawn. 

For  the  application  of  collodion  to  photography,  see  Photoobafht. 

OO&OCnnrrB.  atruUus  Colo^this,  The  Coloquintida,  bitter  encumber  or 
bitter  apple,  a  drastic  medicine. 

CO&OOn  BAKTB.    A  brown  pigment,  prepared  from  lignite  or  brown  coal. 

CO&OOn  TBXiXiO'Vr.  This  pigment  consists  of  a  mixture  of  chromate  and 
sulphate  of  lead  with  sulphate  of  lime.  It  is  prepared  by  predpitadng  a  mixture  of 
nitrate  of  lead  and  nitrate  of  lime,  with  sulphate  of  soda  and  chromate  of  potash. 

CO&OIKBA.  Cocculus  palmatus.  A  climbing  shrub,  a  native  of  the  intertropical 
regions  of  the  earth.  It  is  now  cultivated  in  the  Mauritius  and  the  Isle  of  Bourbon. 
The  root  is  of  a  large,  fleshy,  deep  yellow  colour,  and  divided  into  many  irregular 
forks.    These  are  cut  off,  sliced,  strung  on  cords,  and  hung  to  dry  in  the  shade. 

CO&OPBOWT.  Black  resin,  the  solid  residuum  of  ue  distillation  of  turpentine 
when  all  the  oil  has  been  worked  off 

COXiOBZBB.  An  alcoholic  extract  of  garandne,  when  evaporated,  is  known  in 
commerce  as  oolorine.  It  contains  the  colouring  prindples  of  madder  (alizarine  and 
purpurine),  together  with  fatty  matter  and  other  componente  of  the  garandne,  which 
are  capable  of  extraction  by  alcohol. 

CO&OUB.  In  Physics,  a  property  of  light,  producing  peculiar  impressions 
through  the  eye.  Every  surface,  differing  in  its  mechanical  structure  or  chemical 
character,  acte  differently  towards  the  light  falling  on  it,  and  according  to  the  amount 
of  absorption,  or  reflection,  or  refhiction,  so  is  the  colour  of  the  ray.  White  is  an 
entire  reflection,  and  black  a  totol  abson>tion  of  all  the  rays,  and  consequently  arQ 
not  colours.    The  following  Table  is  by  Mr.  WiUiam  Linton ;-« 
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A  Table  of  OH  Taiwterif  OdUmta,  with  notka  qf  their  Chmical  and  Jrtittiad 
Properties, 


l«al  PTCHMrttMBl 

Dunbm^ 


Addlllflittl  OolMn,~vlfh  Rinarks 


Flake  WkiU, 


Oflxbontte  of 
Lead,  -with  on 
excess  of  Oxide. 
Plates  of  lead, 
exposed  to  the 
action  of  vine- 
gar-steam in 
beds  of  f ennent- 
ingtan. 


Ibe  best  White  extant 
for  OUorBesIn  vehicles 
when  pore,  which  is 
generally  ascertained 
by  its  exoeeding^white- 
ness  and  opacity.  It9 
nsoal  adulterations  are 
Si '  *  es, 

a]  ir! 

ti  Qd 

cc  Mu: 

dt or 

resinous  vehicles.  It 
has  no  injmions  action 
upon  Yegetabla  and 
other  colours,  as  some 
have  conjectured.  It 
is  peacftotiy  soluble  in 
diluted  Nitzlo  or  Aoetio 
Add  when  free  from 
Pipe-day  or  Sulphate 
ofBaxytes.  It  is  black- 
ened  by  the  foul  gasei 
common  to  most  do- 
mestic atmospheres, 
and  is  more  secure  in  a 
rapidly  drying  andpro- 
tective  vuiide. 


Then  are  other  Whites  of  Lead, 
varying  in  body  and  brilliBiicy, 
and  equally  obnoxioas  to  tbs 
action  of  mephitic  vapours ;  as 
XrenUf  Xomtm,  and  VeMltam 
WhUes,Kad  aulahatt  qf  Lead. 
The  Whites  of  Bitmuth,  Aort, 
and  AnHmonff  an  injured  hy 
light  as  well  aa  bv  mephitio 
vapours.  Those  or  ^lae.  Tin, 
and  BatyteSf  although  th^y  are 
oompanrtlvely  seoore  against 
the  foul  gases,  are  too  feeble 
in  body  to  be  satiafkKstocy  in 
unotnouB  or  reslnoua  veUdea. 

Pattinson's  Oxiddorldeof  Lead, 
tk  denser  preparation,  toma 
an  admirable  substratum  for 
works  in  which  a  powecfnl 
impaatoisdeslxed. 


SltvtUUn 
Telbw, 


Ohromate  of 
Strontia.  A 
SolutionofOhlo- 
zide  of  Stron- 
tium added  to 
one  of  Oteromoke 
of  Potash* 


Cadmium 
rellw. 


Sulphide  of  Cad- 
mium. A  com- 
bination of  Cad- 
mium and  Sul- 
phur. 


TetUne,  Oxford, 
RomoHf  StOMf 
BrofCJifSienna, 
with  Orange, 
Puce,  Purplt, 
and  other /n- 
dian  and  Ame- 
rican Qchrti, 


Native  Earths, 
consisting  of  Si- 
lica and  Alu- 
mina, coloured 
by  Oxide  of  Iron. 


Of  apale  Oonaiy  Colour. 
Eesists  the  action  of 
the  foul  gases  and  light, 
and  is  perfectly  dur- 
able. 


A  rich  and  brilliant 
Orange.  Resists  the 
action  of  thefoul  gases, 
light,  &0..  and  is  per- 
ftetly  durable.  A  good 
substitute,  like  Stron- 
tlan  Yellow,  for  Naples, 
Chrome,  and  other 
changeable  Mineral 
YeDowB. 


AH  permanent  Odours, 
whether  Native,  Arti- 
fldal,  or  Burnt.  The 
Oxides  of  Iron  are 
among  the  most  stapde 
colours  of  the  palette. 
When  properly  washed 
and  prepared  for  oil 
painting,  they  are  in- 
capable of  Injuring 
other  oolomv,  and  may 
be  said  to  constitute 
the  soundest  materials 
with  which  the  die- 


There  areoCher  MineraiTdlows, 
but  thegraze  all  more  or  len 
objectionable.  The  Okromaftv 
eff  Lead,  like  all  ptepaiatioDs 
of  that  metal,  are  blactenedlqr 
the  foul  gases.  a%e  united 
oxides  of  Lead  and  Antimony 
f ozniBh  Naplee  TeWm,  a  cokmr 
readily  affected  l^^  Sulphuret- 
ted Hydrogen  and  other  fbul 
gases,  as  well  as  by  light,  and 
by  a  moist  sted  spatula.  T^r- 
M  Mineral  or  Sobsulphate  of 
Mercury  Is  rapidly  blackened 
by  light,  and  by  the  foul  airs. 
Orpiment,  or  JBn^s  TeUow 
(Arsenic  and  Sulphur),  is 
equally  destructible ;  also  As- 
tent  fdtow  (Lead  and  SUt 
heated  violently). 

The  Zinc  Ydlows,  of  wUch 
many  have  been  published,  are 
too  deficient  in  body  for  oil. 
Chromato  of  Oa^nium  and 
Oxide  of  Uranium  are  ftefale 
in  body  and  seriously  injured 
by  mephitio  airs,  and  Cftiiomate 
of  Mercury  and  Oxide  of  C^ 
rium  are  destn^yed  by  them. 
Madder  Ydlow,  like  Madder 
Bed,  is  dissipated  by  light. 
Ohromateof  Bazytes  (Lemon 
Yellow)  is  tooftoble  in  body  in 
on.  Massioot  blackens  with 
foul  air ;  so  do  (Chrome  Ydlow, 
and  Chrome  Orange,  and 
Jaune  Mineral,  bdng  prepara- 
tions of  lead.  Besides  the  Bu- 
ropean  Ochres,  may  be  noticed 
a  great  variety,  of  almost  every 
conceivable  tint,  of  Bed, 
Orange  Yellow,  and  Purple,— 
from  Hindostan,  (Canada,  and 
Trinidad,  wfaidi  were  in  the 
GreatBxhibitionof  1851.  They 
anpeifeotiydnzabto. 
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Mnlfl^DMinMlaQ 
and  PrvfianMloa 


nlPi«MrtlMMi« 
Dnnbfi^f 


Addldonal  CoUwri^ .  miih  "Baauaka 


Jatme  de  Man, 


A.  Chemloal  Pn- 
pantionwithsl- 
ndltt  proptfi  ll6B. 


mistryof  N«tare  htm 
furnished  the  paJnter 
for  theimitafcioii  of  her 


FillAdiimi  Yellow  to  hetter 
aroided,  so  is  Qolden  Sol- 
phnret  of  Anttanony.  Chro- 
mateof  Tin  darkens  in  oil,  and 
Platinmn  Yellow  if  worthless. 
GaodMge  (vegetahle)  bleadies 
in  the  light.  Brown-pink,  and 
others  of  the  same  class  are 
also  eranesoent  in  thfllr  layers. 
The  Vegetable  Yellows  are  not 
to  be  depended  npon.  They 
soon  disappear  when  applied  in 
delicate  tints  or  thin  glazings, 
espeoiaUy  if  sabjeoted  todie 
aotloa  of  the  solar  rays. 


UffktBtd. 


IndkmEed, 


Vermilion, 


Madder  Lakei, 


PttOadttmRBd, 


Yellow  Odhie» 
Burnt. 


A  Native  lion 
Oxide. 


Sonnd,  niefal,  and 
durable  oolonrs. 


Bisniphideof  Her- 
onry. Mercury 
and       Snlphnr 


Tegetabledyeson 
earthy  bases. 


Anunonio-perohlo- 
rideofPalladinm. 


A  heantifnl  coloor,  and 
of  an  eatcellent  body. 
Qoite  permanent,  and 
not  affected  by  adds  or 
caostio  alkalis.  Ta- 
norised  by  a  red  heat| 
upore. 


Bioh  and  beantlfol 
CQloors. 


A  rich,  deep,  and 
beaatmil  oGlonr. 


There  are  other  iflneral  Beds 
which  are  durable,  bat  they  are 
of  infericnr  qnaU^,  and  are  not 
needed.  If aUve  Cinnabar ialn" 
ferlor  is  erery  respect  to  Ver- 
milion. Venetian  Bed  is  an 
Inferior  representatiTe  of  In- 
dian Bed,  and  CokotMar  a  still 
ooanerone.  RedLeadb1»ckaiM 
in  oil ;  and  Iodide  qf  Mercwj 
hasnodaimtodnrability.  Red 
iVedMtofe  is  worthless.  Phoi- 
phate  of  OobaU  (a  Pink  SfU- 
cate)  wants  body,  and  darkens 
in  m^  Mineral  Late  Cttn  and 
Ohromlnm)  is  too  feeble  in 
body.  LUae  and  Orimeon  SOi- 
caieSf  from  Qold,  have  not  body 
enoo^  for  oil  painting. 

Among  Vegetable  Beds,  the 
Madden  have  the  best  repu- 
tation for  standing.  AH  vege- 
table colours,  howerer,  should 
be  looked  npion  with  suspicion 
when  used  in  thin  gladngs. 


Ultramarine, 
Native. 


^ 


Ultramarine^ 
Artificial, 


A  compound  of 
SiUcate  of  Alu- 
mina and  Sili- 
cate of  Soda, 
with  Snlphideof 
Sodium:  the  co- 
lour is  owing  to 
the  reaction  of 
the  latter  on  the 
two  former  c(m- 
stituents. 

The  Native  is  pre- 
naiedfromLapii 


A  brilliant  purplish- 
blue.  None  of  the  me- 
phitic  gases  or  light  do 
it  any  injury.  Adds 
will  remove  its  colour. 
It  is  perfectly  durable 
for  the  painter.  The 
artificial  preparation 
by  Zubet,  of  Alsace  (in 
the  Ghreat  Bzhibition 
of  1861),  is  of  a  leas 
purple  hue,  and  better 
fitted  for  the  a&ial 
tints  of 


There  are  other  Mlnerml  Bines, 
but  th^are  better  avoided. 
The  Silicate  of  Oobalt  and 
Potassa  makesCobalt  Blue;  and 
the  Oxide  of  Cobalt  and  Po- 
taasa  makes  Smalt:  both  feeble 

Slgments.  VerditerandaUthe 
bpper  Blues  turn  Green,  and 
darken  in  oil.  A  Blue  Frit,  a 
SHioate  of  Copper( Alexandrian 
Blue),  brought  by  ICr.  Layazd 
from  Nineveh,  which  has  re- 
tained its  colour  for  probably 
4000  years,  turned  Mack  when 
mixed  with  oil.  The  perma- 
nence of  Vitreous  (called 
Silica)  colours,  when  levigated 
for  pigments,  is  a  delusion. 
They  are  subject  to  all  the 
changes  and  afflntu^  of  tilie 
substances  which  compose 
them.  ProHsian  Blue  Is  liable 
to  change,  Indigo  fades  in  the 
light. 


Oreen, 


Sesquioxide  of 
Ohromlnm. 

When  (^hromate 
of  Mercury  (the 
Orange  predpi- 
tate  on  witTing 
Nitrate  of  Mer- 
cury and  Ohro- 
mate  of  Potash) 
is  strongly  igni- 
ted, O^dde  of 
Chromium  re- 
mains in  a  pow- 
der. 


An  opaque  11^  Ckeen, 
of  a  full  body,aQd  per- 
manent in  au  respoRts. 
It  is  the  colouring  mat- 
ter of  emeralds. 


There  areother  Mineral  Greens. 
Those  from  theArtifidalXTltn- 
marine  process,  though  dura- 
ble, are  wanting  in  body  and 
richness.  The  Phosphates, 
Carbonates  (Malachite) ,  Dlsul- 
phates,  and  Acetatesof  (Mp^wr, 
with  Mineral,  Verditer,  and 
Verdigris  GrDens,aieblaokened 
by  foul  gases,  and  deoxidised 
or  darkened  by  oiL  Nickel 
Green  also  darkens  and  black- 
ens in  oiL  Scheele's  Green 
(Vert  M6tis),  Aiwnateof  Cop. 
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O 

Colonn 

^^•ftsssr 

Terre  Verte, 

Sllioato  of  Prot- 
oxide   of    Iron, 
with  Water,  Po- 
taoa^and  Mag- 
nesia. A  Native 
MinenL 

A      delicate      neutral 
Green.    Quite  perma- 
nent.   Like  Ultrama- 
rine, its  colour  is  de- 
stroyed by  adds. 

per,  dftrkens  In  oil  and  foul 
air.  Zinc  or  Cobalt  Oreen 
(Binmann's  Green)  is  perma- 
nent, but  inferior  m  body  and 
colour  to  the  Green  of  COizo- 

Ttttmn, 

1 

Cauel,  and  Co- 
logne Browns, 

Decomposed  Te- 
getable,  with  Bi- 
tuminous   Mat- 
ter. 

The    best  when  deep, 

There  aze  other  Browni,  tafe 
many  of  them  are  less  durabla. 
Madder  Brown,  like  all  the 
other  MaddetB,is]iabte  to  fade. 
Ivory  and  Bone  Browns  are  not 

Brown,  rich  and  transparent, 
is  subject  to  fly^Hien  laid  on 

semi-opaque,  but  a  good  drier. 

of  Copper)  is  affected  Inr  fool 
gas,  and  destroyed  byaualis. 
Calcined  Prussian  Blue  is  a  fine 

prepare.    The  pea^  Browns, 

colouring  matter,  have  a  slight 
tendency  to  become  paler  when 
used  very  thinly,  and  exposed 

to  StEUlg  li^lftk 

Terre  Verte 
Brown, 

TeneYerte. 
Burnt. 

A  quiet  beanitfnl  colour. 

Umber. 

An  Iron  Ore  with 

An  useful  colour  both 
Baw  and  Burnt. 

Mummy, 

White  Pitch  and 
Myrrh,       com- 
bined with  Ani. 
mal  Matter. 

Bioh  transparent  Bio  wn. 

Bitumen.    A  Mi- 
neral    Pitch  or 
Besin        found 
floating  on  the 
Dead  Sea;  also 
after  the  distU- 
lation  of  Natural 
Naphtha. 

Asphaltnm  is  liable  to 
crack,  except  when  in 
an  unctuous  or  waxy 
vehicle. 

I 

Ivory  Black, 

Burnt  iTory. 

Of  a  Brownish-black 
tint,  quite  pennanent. 

There  are  other  penaanent 
Blacks,  as  Bone-Uaok  (Burnt 
Bones),  Lamp-bladc(pareCar- 
bon),  the  Soot  of  Burnt  Besin, 
and  Turpentine.  Manganeee- 
blaok,  a  native  product,  and  a 
good  drier  (Fuoxide  of  Man- 
ganese).  There  are  also  Black 
Oohres,  native  earths,  but  tfa^ 
axe  not  required* 

Blue-bUKk, 

Burnt           Vine 
Twigs,  &c.  Com- 
mon       Blacks 
mixed  with  in- 
secure Blues  are 

Btituted  by  em- 
pirics. The  Blue- 
black  of  the  an- 
cients was  made 
with  the  lees  of 
wine. 

Of  a  Bluish-black  tint, 
perfectly  durable. 

OO&omtXVO  MATTaOBfl.  The  CQlonr  of  any  object,  either  nataral  or  artificial, 
owes  its  origin  to  the  effect  produced  on  it  by  the  rays  of  light.  This  efl^  is  either  due 
to  the  mass  or  substance  of  the  body  itself,  as  may  be  seen  in  the  colours  of  metals  and 
many  shells,  or  it  arises  from  the  presence  of  some  foreign  substance  or  substances 
not  absolutely  essential  to  it,  and  which  may  in  many  cases  be  separated  andremored 
fix>m  it.  It  IS  in  speaking  of  these  foreign  substances  which  are  often  found  colouring 
natural  objects,  or  which  are  employed  in  the  arts  for  the  purpose  of  imparting  ooloois 
to  various  materials,  that  we  generally  make  use  of  the  term  ooloxtbino  x^TmL 
By  chemists,  however,  the  term  is  only  applied  to  or^nic  bodies,  and  not  to  mineral 
substances,  such  as  oxide  of  iron,  cinnabar,  ultramanne,  &c,  which,  though  they  are 
employed  as  pigments  in  the  arts,  differ  very  widely  in  their  properties  from  one 
another  and  from  colouring  matters  in  the  narrower  sense  of  the  word.  Colouring 
matters  may  be  defined  to  be  substances  produced  in  animal  ot  vegetable  organisms, 
or  easily  formed  there  by  processes  occurring  in  nature  (sudi  as  oxidation  or  fennen- 
tation),  and  which  are  either  themselves  coloured  or  give  coloured  compounds  with 
bases  or  with  animal  or  vegetable  fibre.  According  to  this  definition,  bodies  like 
carbazotio  »cid  and  murexide,  which  are  formed  by  complicated  processes  sudi  as 
never  occur  in  nature,  are  excluded,  though  they  resemble  true  colouring  matters  in 
many  of  their  properties,  such  as  that  of  ^ving  intensely-colour^  oompound 
bases.  Whether,  however,  even  after  accepting  ue  above  definition,  colouring 
matters  can  be  considered  as  constituting  a  natural  class  of  oiganio  bodies,  such  as 
the  fats,  resins,  &c.,  must  still  remain  doubtf^  though  modem  research  tends  to  prove 
that  these  substances  are  related  to  one  another  by  c^er  properties  besides  the  aoei- 
dental  one  of  colour,  and  will  probably  be  found  eventaally  to  belong  in  reali^  to  ooo 
natural  dass. 
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Colouzing  matters  occur  in  all  the  organs  of  plants,  in  the  root,  wood,  bark,  leaves, 
flowers  and  fruit ;  in  the  skin,  hair,  feathers,  blood,  andyarions  secretions  of  animals ; 
in  insects,  for  example,  in  various  species  of  coccns ;  and  in  mollnsca,  such  as  the 
murex.  Indeed  there  are  veiy  few  plants  or  animals  whose  organs  do  not  produce 
some  kind  of  colouring  matter.  It  is  remarkable,  however,  that  the  colours  whidi  are 
moet  frequently  presented  to  our  view,  such  as  those  of  the  leaves  and  flowers  of 
plants  and  the  blood  of  animals,  are  produced  by  colouring  matters  with  which  we  are 
but  very  little  acquainted,  the  colouring  matters  used  in  t£e  arts,  and  which  have  been 
examined  wiUi  most  care,  being  derived  chiefly  from  less  conspicuous  organs,  such  as 
the  roots  and  stems  of  plants.  In  almost  all  cases  the  preparation  of  colouring 
matters  in  a  state  of  punty  presents  great  difficulties,  so  that  it  may  even  be  said  that 
very  few  are  known  in  that  state. 

Some  colouring  matters  bear  a  great  resemblance  to  the  so-caUed  extractive  matters, 
others  to  resins.  Hence  they  have  been  divided  into  extractive  and  resinoua  colouring 
matters.  These  resemblances  are,  however,  of  no  great  importance.  The^principfd 
colouring  matters  possess  sudi  peculiar  properties  that  they  must  be  considered  as 
bodies  altogether  atti  generis. 

As  reganis  their  most  prominent  physical  characteristic,  colouring  matters  are 
divided  into  three  principal  classes:  viz.,  the  red,  yellow,  and  blue,  the  last  class  com- 
prising the  smallest  number.  Only  one  true  green  colouring  matter  occurs  in  nature, 
viz.,  chlorophyll,  the  substance  to  which  the  green  colour  of  leaves  is  owing.'  Black 
and  brown  colouring  matters  are  also  uncommon,  the  black  and  brown  colours 
obtained  in  the  arts  from  animals  or  vegetables  being  (with  the  exception  of  sepia  and 
a  few  others)  compounds  of  colouring  matters  with  bases;  The  colours  of  natural 
objects  are  often  due  to  the  presence  o£  more  than  one  colouring  matter.  This  may 
easily  be  seen  in  the  petals  of  some  flowers.  If,  for  instance,  the  petals  of -the  orange- 
colomred  variety  of  the  Thmaoltim  majue  be  treated  with  boilii^;  water,  a  colouring 
matter  is  extracted  which  imparts  to  the  water  a  purple  colour.  The  petals  now 
appear  yellow,  and  if  they  be  treated  with  boiling  spirits  of  wine,  a  yellow  colouring 
matter  is  extracted,  and  they  then  become  white.  When  the  purt>le  colouring  matter 
is  absent  the  flowers  are  yellow ;  when,  on  the  contrary,  it  is  present  in  greater  abun- 
dance, they  assume  different  shades  of  brown.  Precisely  the  same  phenomena  are 
observed  in  treating  the  petals  of  the  brown  Calceolaria  successively  with  boiling 
water  and  spirits  of  wine.  In  many  cases  colouring  matters  exhibit,  when  in  an 
uncombined  state,  an  entirely  different  colour  from  what  they  do  when  they  enter 
into  a  state  of  combination.  The  colouring  matter  of  litmus,  for  instance,  is,  when 
uncombined,  red,  but  its  compounds  with  alkalis  are  blue.  The  alkaline  compounds 
of  alizarine  are  of  a  rich  violet  colour,  while  the  substance  itself  is  reddish-yellow. 
Many  yellow  colouring  matters  become  brown  by  the  action  of  alkali,  and  the  blue 
colouring  matters  of  flowers  generally  turn  green  when  exposed  to  the  same  influence. 
The  dassiflcation  of  colouring  matters,  according  to  colour,  is  therefore  purely  arti- 
flcial.  The  terms  red,  yellow,  and  blue  colouring  matter,  merely  signify  that  the 
substance  itself  possesses  one  of  these  colours,  or  that  most  of  its  compounds  are  re- 
spectively red,  ydlow,  or  blue.  In  almost  all  cases,  even  when  the  colour  is  not  entirely 
changed  by  combination  wiUi  other  bodies,  its  intensity  is  much  increased  thereby, 
substances  of  a  pale  yellow  colour  becoming  of  a  deep  yellow,  and  so  on. 

Ck>louring  matters  consist,  like  most  oUier  organic  substances,  either  of  carbon, 
hydrogen,  and  oxygen,  or  of  those  elements  in  addition  to  nitrogen.  The  exact  relative 
proportion  of  these  constituents,  however,  is  known  in  very  few  cases,  and  in  still  fewer 
instances  have  the  chemical  formulae  of  the  compounds  been  established  with  any  ap- 
proach to  certainty.  This  proceeds  on  the  one  hand  from  the  small  quantities  of  these 
substances  usually  present  m  the  organs  of  plants  and  animals,  and  the  difficulty  of  ob- 
taining sufficient  quantities  for  examination  in  a  state  of  purity,  and  on  the  other  hand 
from  die  circumstance  of  their  possessing  a  very  complex  chemical  constitution  and 
high  atomic  weight. 

Only  a  small  number  of  colouring  matters  are  capable  of  assuming  a  crystalline 
form ;  the  greater  number,  espediJly  the  so-caUed  resinous  ones,  being  perfectly  amor- 
phous. Among  those  which  have  been  obtained  in  a  crystalline  form,  may  be  men- 
tioned alizarine,  indigo-blue,  quercitrine,  morine,  luteoline,  chrysophan,  and  rutine.  It 
is  probable,  however,  that  when  improved  methods  have  been  discovered  of  preparing 
colouring  matters,  and  of  separating  them  from  the  impurities  with  which  they  are  so 
often  associated,  many  which  are  now  supposed  to  be  amorphous  will  be  foxmd  to  be 
capable  of  crystallising. 

Very  little  is  known  concerning  the  action  of  light  on  colouring  matters  and  their 

*  Another  green  oolonring  matter,  derived  from  diflerent  spedeB  of  Bhmmui,  has  been  deeozibed 
under  the  name  of  *  Ohinese  Oreea.'  It  is  stated  to  be  a  pecuiMr  substanoe,  not  as  mi^^t  be  sup- 
posed, a  mixtne  of  a  bine  and  a  yellow  colouring  matter. 
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oompoonds.  It  is  well  known  that  these  bodies  when  exposed  to  the  rays  of  the  sim, 
especially  when  deposited  in  thin  layers  on  or  in  fiekbrics  made  of  animal  or  vegetable 
materials,  lose  much  of  the  intensity  of  their  colour,  and  sometimes  even  disappear 
entirely,  that  is,  they  are  converted  into  colourless  bodies.  But  whether  this  process 
depends  on  a  physi(^  action  induced  by  the  light,  or  whether,  as  is  more  probable,  it 
consists  in  promoting  the  decomposing  action  of  oiyg^  and  mcnsture  on  them,  ia 
uncertain.  The  most  stable  colouring  matters,  such  as  indigo-blue  and  alizarine  in 
its  compounds,  are  not  insensible  to  the  action  of  light.  Others,  such  as  carthamine 
from  sfliMower,  disappear  rapidly  when  exposed  to  its  influence.  Colours  produced  by 
a  mixture  of  two  colouring  matters  are  often  found  to  resist  the  action  of  light  better 
than  those  obtained  from  one  alone.  In  one  case,  viz.,  that  of  Tyrian  purple,  the  action 
of  light  seems  to  be  absolutely  essential  to  the  formation  of  the  colouring  matter.  The 
leaves  of  jdants  also  remain  colourless  if  the  plants  are  grown  in  darkness,  thou^  in 
this  case  me  formation  of  the  green  colouring  matter  is  probably  not  due  to  the  direct 
chemical  action  of  the  light. 

The  action  of  heat  on  colouring  matters  varies  very  much  according  to  the  nature 
of  the  latter  and  the  method  of  applying  the  heat.  A  moderate  degree  of  heat  often 
changes  the  hue  of  a  colouring  matter  and  its  compounds,  the  original  colour  being 
restored  on  cooling,  an  e£fect  which  is  probably  due  to  physical  causes.  Sometimes 
this  effect  is,  without  doubt,  owing  to  the  loss  of  water.  Aluarine,  for  instance,  cxju- 
tallised  from  alcohol,  when  heated  to  21 2°  F.  loses  its  water  of  civstallisation,  its  colour 
changing  at  the  same  time  from  reddish-yellow  to  red.  At  a  still  higher  temperature 
most  ooburing  matt^  are  entirely  decomposed,  the  products  of  decomposition  being 
those  usually  affi}rded  by  organic  matters,  such  as  water,  carbonic  acid,  carburetted 
hydrogen,  empyreumatio  oils,  and,  if  the  substance  contains  nitrogen,  ammcwiia,  or 
organic  bases  such  as  aniline.  A  few  colouring  matters,  as  for  example  alizarine, 
rubiadne,  indigo-blue,  and  indigo-red,  if  carefully  heated,  may  be  volatilised  without 
change,  sjid  yield  beautiful  crystallised  sublimates,  though  a  portion  of  the  substftnoe 
is  sometimes  decomposed,  giving  carbon  and  empyreumatic  products. 

Colouring  matters,  like  most  other  organic  substances,  undergo  decomposition  with 
more  or  less  &cility  when  exposed  to  the  action  of  oxygen ;  and  the  process  may,  indeed 
be  more  easily  traced,  in  their  case,  as  it  isalways  accompanied  by  a  change  of  hue. 
Its  effects  may  be  daily  observed  in  the  colours  of  natural  objects  belonging  to  the 
organic  world.  Flowers,  in  many  cases,  lose  a  portion  of  their  colour  before  fsiding. 
The  leaves  of  plants,  before  they  &11,  lose  their  green  colour  and  become  red  or  yellow. 
The  colour  of  venous  blood  changes,  when  exposed  to  the  air,  trom.  dark  red  to  li^it 
red.  When  exposed  to  the  action  of  oxygen,  blue  and  red  colouring  matters  flenerally 
become  yellow  or  brown ;  but  the  process  seldom  ends  here:  it  continues  until  ueooloiir 
is  ^uite  destroyed ;  that  is,  until  the  substance  is  converted  into  a  colourless  oompoimd. 
This  may  be  easily  seen  when  a  &bric,  dyed  of  some  fiigitive  colour,  is  exposed  to  the 
air.  The  intensitv  of  the  colour  diminishes,  in  the  first  instance ;  it  then  changes  in 
hue,  and,  finally,  disappears  entirely.  Indeed,  the  whole  process  of  bleaching  in  the 
air  depends  on  the  concurrent  action  of  OD^gen,  light,  and  moisture.  The  procise 
nature  of  the  chemical  changes  which  colouring  matters  undergo  during  this  process 
of  oxidatioii  is  unknown.  Ko  doubt,  it  consists,  generally  speaking,  in  the  ramoral 
of  a  portion  of  their  carbon  and  hydrogen,  in  the  shape  of  carbonic  acid  and  wata, 
and  the  conversion  of  the  chief  mass  of  the  substance  into  a  more  stable  con^oond, 
capable  of  resisting  the  further  action  of  oxygen.  But  this  statement  conveys  very 
little  information  to  the  chemist,  who,  in  order  to  ascertain  the  nature  of  a  process  of 
decomposition,  requires  to  know  exactly  all  its  products,  and  to  compare  their  oomjposi- 
tion  with  that  of  the  substances  from  which  they  are  derived.  The  indeterminate 
and  uninteresting  nature  of  the  bodies  into  which  most  colouring  matters  are  oonvoted 
by  oxidation  has  probably  deterred  chemists  &om  their  examination.  The  action  of 
oxygen  on  colouring  matters  varies  according  to  their  nature  and  the  manner  in 
wmch  the  oxygen  is  applied,  and  it  is  the  degree  of  resistance  which  they  are  capable 
of  opposing  to  its  action  that  chiefly  determines  the  stability  of  the  colours  produced  by 
their  means  in  the  arts.  Indigo-blue  shows  no  tendency  to  be  decomposed  hj  gaseous 
oxygen  at  ordinary  temperatures ;  it  is  only  when  the  latter  is  presented  in  a  con- 
centrated form,  as  in  nitric  or  chromic  acid,  or  in  a  nascent  state,  as  in  a  solution  of 
ferridcyanide  of  potassium  containing  caustic  potash,  that  it  undergoes  decomposition. 
When,  however,  indigo-blue  enters  into  combination  with  sulphuric  add,  it  is  decom- 
posed by  means  of  oxygen  with  as  much  fa^lity  as  some  of  the  least  stable  of  this 
class  of  bodies.  Some  colouring  matters  are  capable  of  resisting  the  action  of  cnjgeu 
even  in  its  most  concentrated  form.  Of  this  kind  are  rubianine  and  rubiacine,  ii^kh, 
when  treated  with  boiling  nitric  acid,  merely  dissolve  in  the  liquid  and  crystallise  out 
again,  when  the  latter  is  allowed  to  cool.  The  action  of  atmospheric  oxygen  on 
cSouring  matters  is  generally  promoted  by  alkalis,  and  retarded  in  the  presence  of 


Digitized  by  VjOOQIC 


COLOURING  MATTERS  899 

fioids.  A  watery  solution  of  hematine,  when  mixed  with  an  excess  of  caustic  alkali, 
becomes  of  a  beautifiil  purple ;  but  the  colour  when  exposed  to  the  air,  almost  im- 
mediately turns  brown,  the  hematine  being  then  completely  changed.  It  is  almost 
needless  to  observe,  that  the  bodies  into  which  colouring  matters  are  converted  by 
oxidation  are  incapable,  under  any  circumstances,  of  returning  to  their  original  state. 

The  action  of  reducing  agents,  that  is  of  bodies  having  a  great  affinity  for  oxygen, 
on  some  colouring  matters,  is  veiy  peculiar.  If  indigo-blue,  suspended  in  water,  be 
placed  in  contact  with  protoxide  of  iron,  protoxide  ^  tin,  or  an  alkaline  sulphuret, 
sulphite,  or  phosphite,  or  grape  sugar,  or,  in  short,  any  easily  oxidisable  body,  an 
excess  of  some  alkali  or  alkaline  earth  being  present  at  the  same  time,  it  dissolves, 
forming  a  pale  yellow  solution  without  a  trace  of  blue.  This  solution  contains,  in 
combination  with  the  alkali  or  alkaline  earth,  a  perfectly  white  substance,  to  which 
the  name  of  reduced  indiao  has  been  applied.  When  an  excess  of  acid  is  added  to  the 
solution,  it  is  precipitated  in  white  flocks.  By  exposure  to  the  air,  either  by  itself  or 
in  a  state  of  solution,  reduced  indigo  rapidly  attracts  oxygen,  and  is  reconverted  into 
indigo-blue.  Hence  the  surfiEUse  of  the  solution,  if  left  to  stand  in  uncovered  vessels, 
becomes  covered  with  a  blue  film  of  regenerated  indigo-blue.  It  was  for  a  long  time 
supposed  that  reduced  indi^  was  simply  deoxidised  indigo-blue,  and  that  the  process 
consisted  merely  in  the  indigo-blue  partmg  with  a  portion  of  its  oxygen,  whidi  was 
taken  up  again  on  exposure  to  tne  air.  It  has,  however,  been  diwovered  that  in 
every  case  water  is  decomposed  during  the  process  of  reduction  which  indigo-Uue 
undergoes,  the  oxygen  of  the  water  C(»nbinin^  with  the  reducing  agent,  and  the 
hydrogen  uniting  with  the  indigo-blue,  water  being  again  formed  when  reduced  indigo 
comes  in  contact  with  oxygen.  Beduced  indigo  is  therefore  not  a  body  containing  1ms 
oxygen  than  indigo-blue,  but  is  a  compound  SS  the  latter  with  hydrogen.  There  are 
several  red  colouring  matters  which  possess  the  same  property,  that  of  being  converted 
into  colourless  c(Hnpounds  by  the  simultaneous  action  en  reducing  agents  and 
alUis,  and  of  returning  to  their  original  state  when  exposed  to  the  action  of  oxygen. 
There  can  be  little  doubt  that  the  process  consists,  in  all  cases,  in  the  colouring  matter 
combining  with  hydrogen  and  parting  with  it  again  when  the  hyduret  comes  in  con- 
tact with  oxygen. 

The  action  of  chlorine  on  colouring  matters  is  very  similar  to  that  of  oxygen,  though 
in  general,  chlorine  acts  moro  energetically.  The  first  efifect  produced  by  chlorine, 
whether  it  be  applied  as  free  chlorine,  or  in  a  state  of  combination  with  an  alkali,  or 
alkaline  earth  as  an  hypochlorite,  usually  consists  in  a  change  of  colour.  Blue  and 
red  colouring  matters  generally  become  yellow.  By  the  continued  action  of  chlorine 
all  trace  of  colour  disappears,  and  the  &ial  result  is  the  formation  of  a  perfectly  wMte 
substance,  which  is  usuiallvmore  easily  soluble  in  water  and  other  menstrua  than  that 
from  which  it  was  formeo.  Since  it  is  most  commonly  by  means  of  chlorine  or  its 
compounds  that  colouring  matters  are  destroyed  or  got  rid  of  in  the  arts,  as  in  bleaching 
&bncs  and  discharging  colours,  the  process  of  decomposition  whid^  they  undergo  by 
means  of  chlorine  has  attracted  a  good  deal  of  attention,  and  the  nature  of  the  chemical 
changes,  whidi  take  place  in  the  course  of  it,  has  often  been  made  a  subject  of  dispute, 
though  the  matter  is  one  possessing  more  of  a  theorotioal  than  a  practical  interest.  It 
is  a  well-known  fact  that  many  organic  bodies  aro  decomposed  when  they  aro  brought 
into  contact,  in  a  dry  state,  with  &j  chlorine  gas.  The  decomposition  consists  in  the 
elimination  of  a  portion  of  the  hydrogen  of  the  substance  and  its  substitution  by 
cUorine.  When  water  is  present  at  the  same  time,  the  decomposition  is,  however,  not 
so  ample.  It  is  well  known  that  chlorine  decomposes  water,  combining  with  the 
hydrogen  of  the  latter  and  setting  its  oxygen  at  liberty,  and  it  has  been  aswrted,  that 
in  ih»  bleaching  of  colouring  matters  by  means  of  chlorine  when  moisture  is  usually 
present,  this  always  takes  ^ace  in  the  first  instance,  and  that  it  is  in  &ct  the  oxygen 
whidi  effects  their  destruction,  not  the  chlorine.  This  appears,  indeed,  to  be  the  case 
occasionally.  Bubian,  for  instance,  the  body  from  wMch  alizarine  is  derived,  gives, 
when  decomposed  with  chloride  of  lime,  phthalic  add,  a  beautifully-crystallised  sub- 
stance, containing  no  chlorine,  which  is  sJso  produced  by  the  action  of  nitric  add  on 
rubian,  and  is,  therefore,  truly  a  product  of  oxidation.  In  many  oases,  however,  it  is 
certain  that  the  chlorine  itself  also  enters  into  the  composition  of  the  new  bodies 
produced  by  its  action  on  colouring  matters.  When,  for  instance,  the  chlorine  acts 
on  in^go-blue,  chlorisatine  is  formed,  which  is  indigo-blue,  in  which  one  atom  of 
hydrogen  is  replaced  by  one  of  chlorine,  plus  two  atoms  of  oxygen,  the  latter  bdng 
deriv^  from  the  decomposition  of  water. 

The  behaviour  of  colouring  matters  towards  water  and  other  solvents  is  very  various. 
Some  colouring  matters,  sudi  as  those  of  logwood  and  brazilwood,  aro  very  easily 
soluble  in  water.  Others,  such  as  the  colouring  matters  of  madder  and  querdtron  bark, 
are  only  sparingly  soluble  in  water.  Hany,  especially  the  so-^Ued  rednous  ones,  are 
insoluble  in  water,  but  more  or  less  soluble  in  alcohol  and  ether,  or  alkaline  liquids,  A 
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few,  snch  as  indigo-blue,  are  almost  insoluble  in  all  menstrua,  and  can  only  be  made 
to  dissolve  ^  converting  them,  by  means  of  reducing  agents,  into  other  homes  soluble 
in  alkalis.  Those  which  are  soluble  in  water,  are,  generallj  speaking,  of  the  greatest 
importance  in  the  arts,  since  they  admit  of  more  ready  application,  when  they  possess 
this  property. 

The  behaviour  of  colouring  matters  towards  acids  is  often  very  characteristic  Most 
colouring  matters  are  completely  decomposed  by  nitric,  chloric,  manganic,  and  chromio 
acids,  in  consequence  of  the  large  propc^on  of  ozvgen  whidi  these  acids  contain.  With 
many  colouring  matters  the  decomposition  takes  pl^  even  at  tiie  ordinarv  temperature : 
with  others,  it  only  commences  when  the  add  is  warmed,  especially  if  the  latter  be 
applied  in  a  state  of  considerable  dilution.  Concentrated  sulphuric  add  also  destroys 
most  colouring  matters,  espedally  if  the  add  be  heated.  It  seems  to  act  by  depriving 
them  of  the  elements  of  water,  and  thereby  converting  them  into  substances  containing 
more  carbon  than  before,  as  may  be  inferred  &om  the  dark,  almost  black,  colour 
which  they  acquire.  At  the  same  time  the  add  generally  loses  a  portion  of  its 
oxygen,  since  sulphurous  add  is  almost  always  evolved  on  heating.  Some  colouring 
matters,  such  as  alizarine,  are  not  decomposed  by  concentrated  sulphuric  add  even 
when  the  latter  is  raised  to  the  bdling  point ;  they  merely  dissolve,  forming  solutions 
of  various  colours,  &om  which  they  are  precipitated  unchanged,  on  the  addition  of 
water,  when  they  are  insoluble  or  not  easily  soluble  in  the  latter.  Others,  again,  like 
indigo-blue,  dissolve  in  concentrated  or  fuming  sulphuric  add,  without  being  decom- 
posed, and  at  the  same  time  enter  into  combination  with  the  add,  forming  tiue  double 
adds,  which  are  easily  soluble  in  water  and  combine  as  such  with  bases.  Many 
colouring  matters  undergo  a  change  of  colour  when  exposed  to  the  action  of  adds,  the 
original  colour  being  restored  by  Uie  addition  of  an  excess  of  alkali,  and  this  property 
is  made  use  of  for  the  detection  of  adds  and  alkalis.  The  colour  of  an  infusion  of 
litmus,  for  instance,  is  changed  by  adds  from  blue  to  red,  and  the  blue  colour  is  restored 
by  alkalis.  An  infusion  of  the  netals  of  the  purple  dahlia  or  of  the  violet  beoomea 
red  on  the  addition  of  adds,  and  this  red  colour  changes  again  to  purple  or  blue  with 
Alkalis,  an  excess  of  alkali  making  it  green.  The  yellow  colour  of  rutine  becomes 
deeper  with  strong  adds.  In  most  cases,  this  alteration  of  colour  depends  on  a  very 
simple  chemical  change.  litmus,  for  example,  in  the  state  in  which  it  occurs  in 
commerce,  consists  of  a  red  colouring  matter  in  combination  with  ammonia,  the  com- 
pound being  blue.  By  the  addition  of  an  add,  the  ammonia  is  removed,  and  the 
uncombined  red  colouring  matter  makes  its  appearance.  Ammonia  and  most  alkalis 
remove  the  excess  of  add,  and,  by  combining  with  the  red  colouring  matter,  restore 
the  blue  colour.  When  a  colouring  matter,  like  alizarine,  is  only  sparingly  soluble  in 
water,  its  solubility  is  generally  diminished  in  the  presence  of  a  starong  acid.  Hence, 
by  adding  add  to  the  watery  solution,  a  portion  (^  the  colouring  matter  is  usually 
pred|>itated.  It  is  very  seldom  that  colouring  matters  are  really  found  to  enter  into 
combination  with  adds.  Indeed,  onl^  one,  viz.  berberine,  is  capable  of  acting  the 
part  of  a  true  base,  and  forming  definite  compounds  with  adds.  Some  adds,  such  as 
sulphurous  and  hydrosulphunc  adds,  do  certainly  seem  to  combine  with  some 
colourinff  matters  and  form  with  them  compounds,  in  which  the  colour  is  completely 
disguiseo,  and  apparently  destroyed.  If  a  rod  rose  be  suspended  in  an  atmosphere  df 
sulphurous  add  it  becomes  white,  but  the  red  colour  may  be  restored  bv  neutralising 
the  add  with  some  alkali.  On  this  property  of  sulphurous  add  depends  the  proooBs 
of  bleadiing  woollen  fabrics  by  means  of  burning  sulphur.  In  this  case  the  cdonring 
matter  is  not  destroyed,  but  only  disguised  bv  its  combination  with  the  add. 

Most  colouring  matters  are  capable  of  combining  with  bases.  Indeed,  their  afEbuty 
for  the  latter  is  senerally  so  marked  that  they  may  be  conddered  as  belonging  to  the 
class  of  weak  adds.  like  all  other  weak  adds,  they  form,  with  bases,  compoimds  of  a 
yeiy  indefinite  comj^ition,  so  much  so,  that  the  same  compound,  prepared  on  two 
difl^nt  occasions,  is  often  found  to  be  differently  constituted.  Hence  the  great 
difficulty  experienced  by  chemists  in  determining  the  atomic  weight  of  colouring  matters. 
There  are  very  few  of  the  latter  for  which  several  formulae,  all  equally  probable,  may 
not  be  given,  if  the  compounds  with  bases  be  employed  for  their  determinatioQ.  The 
compounds  of  colouring  matters  with  bases  hardly  ever  aystallise.  Those  with  alkalis 
are  mostly  soluble  in  water  and  amorphous ;  those  with  the  alkaline  earths,  lime,  and 
baryta,  are  sometimes  soluble,  sometimes  insoluble ;  those  with  the  earths  and  metallic 
OJ^des  are  alinost  always  insoluble  in  water.  The  compounds  with  alkalis  are 
obtained  by  dissolving  the  colouring  matter  in  water  to  whicn  a  little  alkali  is  add^ 
and  evaporating  to  d^ess :  an  operation  which  must  be  carefully  conducted  if  the 
colouring  matter  is  one  easily  affected  by  oxygen.  The  insoluble  compounds,  with 
,earths  and  metallic  oxides,  are  obtained  either  by  double  decomposition  of  a  soluble 
cpmponnd  with  a  soluble  salt  of  the  respective  base,  or  by  adding  to  a  solution  of  Uie 
i^lpuring  matter,  in  water  or  any  other  menstruum,  a  salt  of  the  base  containing  some 
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week  acid,  roeh  as  acetic  acid.  It  is  remarkable  that  of  all  bases  none  show  so  much 
affinity  for  oolonring  matters  as  alumina,  peroxide  of  iron,  and  peroxide  of  tin,  bodies 
which  occupy  an  intermediate  position  between  adds  and  bases.  If  a  solution  of  any 
colouring  matter  be  agitated  with  a  sufficient  quantity  of  the  hydrates  of  any  of  these 
bases,  the  solution  beromes  decolourised,  the  whole  of  the  colouring  matter  combining 
with  the  base  and  forming  a  coloured  compound.  It  is  accordingly  these  bases  that 
are  chiefly  employed  in  dyeing,  for  the  P^urppse  of  fixing  colouring  matters  on  par- 
ticular portions  o£  the  &brio  to  be  dyed.  When  used  for  this  purpose  they  are  called 
mordants.  Their  compounds  with  colouring  matters  are  denominated  lakes,  and  are 
employed  as  pigments  by  painters.  The  colours  of  the  compounds  usually  differ, 
either  in  kina  or  degree,  fix>m  those  of  the  colouring  matters  themselves.  Bed 
colouring  matters  of^n  form  blue  compounds,  yellow  ones  sometimes  give  red  or 
purple  compounds.  The  compounds  witn  peroxide  of  iron  are  usually  distinguished 
by  the  intensity  of  their  colour.  When  a  colouring  matter  gives  yrith  alumina  and 
oxide  of  tin  red  compounds,  its  compound  with  peroxide  oi  iron  is  usually  purple 
or  black ;  and  when  the  former  are  yellow,  the  latter  is  commonly  oliye  or  brown. 
Almost  all  the  compounds  of  colouring  matters  with  bases  are  decomposed  by  strong 
acids,  such  as  sulpnuric,  muriatic,  nitric,  oxalic,  and  tartaric  adds,  and  even  acetic 
add  is  not  without  efifect  on  some  of  these  compounds.  The  compounds  with  earths 
and  metallic  oxides  are  also  decomposed,  sometimes  by  alkalis.  A  solution  of  soap 
is  suffident  to  produce  this  effect  in  many  cases,  and  dyes  are  therefore  often  tested 
by  means  of  a  solution  of  soap  in  order  to  ascertain  the  degree  of  permanence  which 
they  possess. 

No  mroperty  is  so  characteristic  of  colouring  matters,  as  a  dass,  as  their  behaviour 
towards  bodies  of  a  porous  nature,  such  as  chfffooaL  If  a  wateiy  solution  of  a  colouring 
matter  be  agitated  with  charcoal,  animal  charcoal  being  best  adapted  for  the  purpose, 
the  colouring  matter  is  generally  entirely  removed  from  the  solution  and  absorbea  by 
the  charcoaL  The  combination  which  takes  place  under  these  circumstances  is  pro- 
bably not  due  to  any  chemical  affinity,  but  is  rather  an  efifect  of  the  so-called  attraction 
of  surfiEMie,  which  we  often  see  exerted  by  bodies  of  a  porous  nature,  such  as  charcoal 
and  spongy  platinum,  and  which  enable  the  latter  to  absorb  such  large  quantities  of 
gases  of  various  kinds.  That  the  compound  is  indeed  more  of  a  phyracal  than  a 
chemical  nature  seems  to  be  proved  bv  the  drcnmstances  that  sometimes  the  colouring 
matter  is  separated  from  its  combination  with  the  charcoal  by  means  of  boiUng  alcohol 
an  agent  which  can  hardly  be  supposed  to  exert  a  stronger  chemical  affinity  than  water. 
It  is  this  property  of  colouring  matters  which  is  made  use  of  Vjr  chemists  to  decolourise 
solutions,  and  by  sugar  manufacturers  to  purify  their  sugar.  The  attzaetaon  manifested 
by  colouring  matters  for  animal  or  vegetable  fibre  is  probably  also  a  phenomenon  of 
.  the  same  nature,  caused  by  the  porous  condition  of  the  latter,  and  the  poweiful  affinity 
of  the  so-called  mordants  for  colouring  matters,  may,  perhaps,  be  in  part  accounted 
for  by  their  state  of  mechanical  division  being  di&rent  fhmi  that  of  other  bases. 
Ck>louring  matters,  however,  vary  much  from  one  another  in  their  behaviour  towards 
animal  or  vegetable  fibre.  Some,  such  as  indigo-blue,  and  the  colouring  matters  of 
safflower  and  turmeric,  are  capable  of  combining  directly  with  the  latter,  and  impartins 
to  them  colours  of  great  intensit|r.  Others  are  only  slightly  attracted  by  them  and 
consequently  impart  only  feeble  tmts ;  they  therefore  require,  when  they  are  employed 
in  the  arts  for  the  purpose  of  dyeing,  the  interposition  of  an  earthy  or  metalHc  base. 
To  the  first  class  Bancroft  apphed  the  term  subsfantios  colouring  matters,  to  the  second 
that  of  adjective  colouring  matters. 

One  of  the  most  interesting  questions  connected  with  the  history  of  colouring  matters 
is  that  in  regard  to  the  origimu  state  in  which  these  substances  exist  in  the  animal  and 
vegetable  organisms  from  which  they  are  derived.  It  has  been  known  for  a  long  time 
that  many  dye-stufb,  such  as  indigo  and  archil,  do  not  exist  ready  formed  in  the  plants 
from  which  tiiey  are  obtained,  and  that  a  long  and  often  difficult  process  of  preparation 
is  required  in  order  to  eliminate  them.  The  plants  which  yield  indigo  exhibit,  while 
they  are  growing,  no  trace  of  blue  colour.  The  colouring  matter  only  makes  its 
aj)pearance  after  the  juice  of  the  plant  has  undergone  a  process  of  fermentation.  The 
bchens  employed  in  the  prepcuration  of  archil  and  litmus  are  colourless,  or  at  most 
light  brown,  but  by  steepng  them  in  liquids  containing  ammonia  and  lime  a  colouring 
matter  of  an  intense  red  is  gradually  generated,  which  remains  dissolved  in  the  alkaline 
liquid.  Other  phenomena  of  a  similar  nature  might  be  mentioned,  as  for  instance 
the  formation  of  the  so-called  Tyrian  purple  from  the  juice  of  a  shell-fish,  and  new 
ones  are  from  time  to  time  being  discovered.  In  order  to  explain  these  phenomena 
various  hypotheses  have  been  resorted  to.  It  was  supposed,  for  instance,  that  the 
indigofercB  contained  white  or  reduced  indigo^  and  hence  were  devoid  of  colour,  and 
that  the  process  of  preparing  indigo-blue  consisted  simply  in  oxidising  the  white  indigo^ 
which  was  for  this  reason  denominated  indigogene,  by  some  chemists.    The  same 
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assumptioii  was  made  in  regard  to  other  colouring  mattors,  all  of  which  were  supposed 
to  exist  originally  in  a  deoxidised  and  colourless  state.  In  regard  to  indigo,  howeyer, 
the  hypothesis  is  disproved  at  once  by  the  fact  that  reduced  indigo  is  only  soluble  in 
alkaline  liquids,  and  that  the  juice  of  the  indigo-bearing  plants  is  always  add.  In 
regard  to  the  other  colouring  matters  it  seems  also  to  be  quite  untenable.  The  first  person 
to  throw  some  light  on  this  obscure  department  of  orgamc  chemistry  was  Bobiquet.  This 
distinguished  chemist  succeeded  in  obtaining  firom  lichens  in  their  colourless  state  a 
beautifully  ciystallised,  colourless  substance,  soluble  in  water,  having  a  sweet  taste,  and 
consisting  of  carbon,  hydrogen,  and  oxygen.  This  substance  he  denominated  orcme. 
By  the  combined  action  of  ammonia  and  oxygen,  he  found  it  to  be  converted  into  a  red 
colouring  matter,  containing  nitrogen,  and  insoluble  in  water,  which  was  in  &ct 
identical  with  the  colouring  matter  of  archil.  This  beautiful  discovery  furnished 
chemists  with  a  simple  explanation  for  the  curious  phenomena  observed  in  the  forma- 
tion ci  this  and  other  colouring  matters,  and  it  was  soon  followed  by  others.  Heeren 
and  Kane  obtained  from  various  lichens  other  colourless  substances  of  similar  pro- 
perties, and  it  was  shown  by  Schunck  that  ordne  is  not  even  the  first  link  in  the 
chain,  but  is  itself  formed  from  another  body,  leeanorine,  which,  by  the  action  of 
alkalis,  yields  orcine  and  carbonic  acid,  just  as  sugar  by  fermentation  gives  aloohcd 
and  carbonic  add.  In  like  manner  it  was  discoverod  by  Erdmann  that  the  colouring 
matter  of  loffwood  is  formed  by  the  simultaneous  action  of  oxygen  and  alkalis  from 
a  crystallised  colouriess  substance,  hcsfnatoxyline^  which  is  Uie  original  substance 
existing  in  the  wood  of  the  tree,  and  is  like  the  others,  not  itself  strictly  speaking,  a 
colouring  matter,  but  a  substance  which  gives  rise  to  the  formation  of  one. 

There  is,  however,  another  class  of  phenomena  connected  with  the  formation  of 
colouring  matters,  entirelv  different  from  that  just  referred  to.  It  was  discovered  by 
Bobiquet  that  if  madder  be  treated  for  some  time  with  sulphuric  add,  and  the  add  be 
afterwards  completely  removed,  the  madder  is  found  to' have  acquired  a  much  greater 
tinctorial  power  than  before.  This  fact  was  explained  by  some  diemists  by  supposing 
that  the  sulphuric  add  had  combined  with  or  destroyed  some  substance  or  substtuioeB, 
contained  in  the  madder  which  had  previously  hindered  the  colouring  matter  from 
exerting  its  full  power  in  dyeing,  such  as  lime,  sugar,  woody  fibre,  &c.  By  others  it 
was  suspected  that  an  actual  formation  of  colouring  matter  took  place  during  the 
process,  and  this  suspidon  has  been  verified  by  recent  researches.  SchundL  suc- 
ceeded in  preparing  from  madder  a  substance  resembling  gum,  very  soluble  in  water, 
amorphous,  and  having  a  veir  bitter  taste,  like  madder  itself,  and  to  which  he  gave 
the  name  of  rubian.  This  substance,  though  not  colourless,  is  incapable  of  combining 
with  mordants,  like  most  colouring  matters.  When,  however,  it  is  acted  on  by  strong 
adds,  such  as  sulphuric  or  muriatic  add,  it  is  completely  decomposed,  and  gives  rise 
to  a  number  of  products,  the  most  important  of  which  is  aligarins,  one  of  thecdonring 
matters  of  madaer  itselfl  Among  the  other  products  are  a  yellow  crystallised  colouring 
matter,  rubianinet  two  amorphous  red  colouring  matters  resembling  redns,  rubirtHne  and 
veranHnBy  and  lastly,  grape-sugar.  When  subjected  to  fermentation,  the  same  products 
are  formed,  with  the  exception  of  rubianine,  which  is  replaced  by  a  yellow  colour- 
ing matter  of  similar  properties.  This  process  of  decomposition  evidently  belongs  to 
that  numerous  class  culed  by  some  chemists  '  catalytic,'  in  which  the  decompodng 
agent  does  not  act,  as  far  as  we  know,  in  virtue  of  its  chemical  affinities.  It  is  evident, 
then,  that  when  madder  is  acted  on  by  sulphuric  add  an  actual  formation  of  coloaring 
matter  takes  place,  and  it  is  even  probable  that  the  whole  of  the  colouring  matter 
found  in  madaer  in  its  usual  state  was  originally  formed  from  rubian,  by  a  process  of 
slow  fermentation,  the  portion  of  the  latter  still  remaining  undecomposed  being  that 
which  is  acted  on  when  adds  are  applied  to  madder.  From  the  tsatia  tmctoria  or 
common  woad  plant,  Schunck,  in  like  manner,  extracted  an  amorphous  substance, 
easily  soluble  in  water,  called  by  him  indican,  and  which,  by  the  action  of  strong 
acids,  is  decomposed  into  indigo-blue,  indigo-red,  sugar,  and  other  products,  among 
which  are  also  several  resinous  colouring  matters.  Looking  at  them  from  this  point 
of  view,  colouring  matters  may  be  divided  into  two  classes,  viz.,  first,  such  as  are 
formed  from  other  substances,  not  themselves  colouring  matters,  by  the  action  of 
oxygen  and  alkalis;  and,  secondly,  such  as  are  formed  from  other  substances  by 
means  either  of  ferments  or  strong  adds,  without  the  intervention  of  oxygen.  To  th« 
first  class  bdong  the  colouring  matters  of  archil,  litmus,  and  logwood ;  they  yield 
comporativdy  fugitive  dyes,  and  are  usually  decomposed  by  allowing  the  very  process 
to  wich  they  owe  their  formation  to  continue.  To  the  second  dass  bdong  indigo- 
blue,  indigo-red,  and  alizarine,  bodies  which  show  a  remarkable  degree  of  stabilitj 
for  organic  compounds.  More  extended  research  will  probably  show  that  many  other 
colouring  matters  are  formed  dther  in  one  manner  or  the  other,  which  will  probabl j 
aficwd  us  the  means  of  arriving  at  a  rational  mode  of  dassifying  these  foodies,  and  of 
distinguishing  them  as  a  dass  fhmi  others.  ~£.  S. 

OO&T'B-FOOT.    See  TussiukGO. 
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OO&xmBIUlC  or  Niobium.  A  peculiar  metal  originally  extracted  from  a  nre 
mineral  brought  from  Haddam  in  Connecticut,  and  known  as  Cotumbite,  Thitf  U  a 
columbate  and  tantalate  of  iron  and  manganese.  Columbiimi  also  occurs,  vitli 
tantalium,  in  sereral  rare  Swedish  minerals.  The  metal  leceiyed  its  name  from 
Colombia  (America).    See  Niobixtm. 

OOIiUMJrAX  OO A&.    A  name  given  to  Amthbacitb. 

CO&XA  is  a  yariety  of  cabbage, — the  Braesica  oUraeeOt — ^whose  seeds  afford  by 
pressure  an  oil  much  employed  in  Prance  and  Belgium  for  burninjBf  in  lamps,  and  for 
many  other  purposes.  This  plant  requires  a  rich  but  light  soil ;  it  does  not  succeed 
upon  either  sandy  or  clay  lands.  The  ground  for  it  must  be  deeply  ploughed  and  well 
dunged.  It  should  be  sown  in  July,  and  be  afterwards  replanted  in  a  richly  manured 
fiel£  In  October  it  is  to  be  planted  out  in  beds,  15  or  18  inches  apart  Colza  may 
also  be  sowed  in  furrows  8  or  10  inches  asunder. 

Land  which  has  been  just  cropped  for  wheat  is  that  usually  destined  to  colza ;  it  may 
be  fresh  dunged  with  aoirantage.  The  harrest  takes  place  in  July,  with  a  sickle,  a 
little  before  the  seeds  are  completely  ripe,  lest  they  ^ould  drop  off.  As  the  seed  is 
productiye  of  oil,  however,  only  in  proportion  to  its  ripeness,  the  cut  plants  are  allowed 
to  complete  their  maturation,  by  laying  them  in  heaps  under  airy  sheds,  or  placing 
them  in  a  stack,  and  thatching  it  wiUi  straw. 

The  cabbage  stalks  are  thrashed  with  flails ;  the  seeds  are  winnowed,  sifted,  and  spread 
out  in  the  air  to  dry ;  then  packed  away  in  sacks,  in  order  to  be  subjected  to  the  oil 
mill  at  the  beginning  of  winter.  The  oil-cake  is  a  very  agreeable  food  to  catde ;  it 
senres  to  fatten  them,  and  is  reckoned  to  defray  the  cost  of  the  mill. 

When  proper  manure  was  not  applied,  it  was  reported  that  colsa  impoverished 
the  soil  veiy  much,  as  do  indeed,  all  the  plants  cultivated  for  the  sake  of  their 
oleaginous  seeds.  The  same  soil  must  not,  therefore,  be  come  back  upon  again  for  six 
years,  if  flne  crops  be  desired.  The  double  ploughing  which  it  requires  efl^ct^nally 
cleans  the  ground. 

The  cc^  or  wild  cabbage  itself  is  a  plant  of  sufficient  interest  to  call  special 
attention  to  its  properties.  Besides  yielding  an  oil  which  gives  a  brilliant  light  tat 
the  lamps  of  lighthouses,  its  seed  has  other  properties  that  should  induce  the  plant 
to  be  in  &vour  with  agriculturists,  emigrants,  and  colonists.  The  recent  accounts, 
according  to  Du  Bow,  state  4t  to  be  admirably  adapted  for  cattle  as  food ;  that  the 
seeds  after  the  oil  is  expressed  yield  a  cake  highly  prized  for  £ittening  cattle,  and  as 
manure.'  '  There  is  a  spring  variety  which  will  succeed  in  almost  anv  part  of  the 
United  States,  and  will  ultimately  become  an  article  of  ^praat  importance.^ 

The  real  history  of  this  valuable  plant  seems  to  be  this : — The  Abb6  de  Commerell, 
in  a  letter  to  Dr.  Lettsom,  dated  from  Paris  at  the  Abbey  of  St.  Victor,  1789,  calls 
especial  attention  to  the  colza  which  he  had  cultivated  for  some  time  in  the  neighbour- 
hood of  Paris, '  and  last  year  under  the  inspection  of  the  Hoyal  Society  of  Agriculture. 
The  severe  winter  just  experienced,  which  had  destroyed  great  abundance  of  turnips 
and  cold,  had  not  done  the  least  injury  to  my  plants,  which  is  a  pro<^  of  resisting  the 
severestoold.'  The  following  description  of  the  plant  may  lead  to  its  adoption  as  sources 
of  oil  and  food.  To  induce  this  we  mav  refer  to  the  original  communication^ 
now  of  course  sufficiently  rare :  it  is  entitled :  *  M€moire  sur  la  Culture,  Vusam  et  hi 
avantages  du  Choux  a  faucher,  par  M.  VJM  de  CommereU^  d  Paris,*  1789.  He  states 
he  found  the  plant  in  C^rmany,  where  it  was  only  used  for  seed ;  that  there  are  three 
distinct  varieties,  known  by  the  colours  of  the  *  nerves'  of  the  leaves :  violet,  ^rellow, 
and  green.  He  gives  preference  to  the  violet,  '  il  est  plus  abondant,  plus  sa|dde,  et 
resiste  mieux  4  limpression  du  froid  et  4  la  rigueur  des  hivers.'  He  adds,  that  he 
presents  to  the  Bo^al  Society  (Agric  de  Paris)  t£e  plants  which  had  rensted  the  cold 
of  the  preceding  winter,  '  the  most  rigorous  of  which  mention  is  made  in  our  annals.' 

Agam  Commerell  says :  *  This  p&nt  is  a  kind  of  wild  cabbage,  that  may  be  cnt 
four  or  six  times  in  the  year  it  is  sown ;  each  cut  is  as  plentiful  as  trefoil  or 
lucerne ;  we  leave  it  afterwards  for  the  winter.  About  the  month  of  February  it 
shoots  up,  and  the  leaves  of  it  may  be  cut ;  but  in  the  month  of  April  it  begins  to  grow 
up,  send  off  stalks,  and  bears  its  seed,  which  may  be  gathered  in  June.  Q^ie  first  year 
this  wild  cabbage  does  not  send  stalks  ;  its  leaves  appear  to  rise  out  of  the  ground,  and 
thus  it  may  be  cut  like  grass  ;  it  may  idso  be  dried  for  kay.  Its  leaves  extend  to  10, 1 2, 
and  15  inches  in  length  and  6  to  8  broad,  which  have  not  the  bitter  and  herbaceous 
taste  of  other  cabbages.  It  is  a  pulse  veinr  agreeable  for  man  during  the  whole  year, 
and  a  fodder  equally  as  good  as  plentiful  for  all  kinds  of  cattle.  Ae  milk  of  oows 
does  not  acquire  a  bad  taste,  nor  do  the  cows  get  tired  of  it. 

*  This  plant  bears  more  and  larger  sized  se^  than  turnips  or  cole,  and  the  oil  which 
I  have  extracted  from  it  cold  is  very  superior  as  food  for  man  to  that  from  poppy  or 
cole,  and  is  equal  to  the  common  oil  of  olives,  in  the  opinion  of  good  judges.  1  give  the 
name  of  the  mowing  cabbage  to  this  plant.  If  vou  will  make  a  tarial  of  it,'  he  adds  to 
Dr.  Lettsom,  'you  will  have  every  reason  to  be  satisfied,  for  this  cabbage  yields  one 
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third  more  oil  than  tornipB  in  proportion  to  the  equal  quantity  of  ground,  and  we  may 
sow  it  in  spring  or  in  autumn.* 

When  Conunerell  wrote  the  trials  were  limited  for  want  of  seed ;  but  it  now  appears 
to  be  well  worthy  the  attention  of  agriculturists,  as  a  plant  whose  rapid  growth  and 
general  farour,  may  remedy  the  scarcity  of  other  crops  more  in  use.  The  productaon 
of  the  oil  alone  forms  a  considerable  article  of  the  trade  of  France,  Belgium,  England, 
and  America. 

To  mining  districts,  to  manufacturers,  and  others  in  remote  localities,  the  valuable 
properties  of  this  plant  and  seed,  as  sources  of  oil,  food,  and  manure,  are  commended. 
Even  six  crops  a  year  are  said  to  have  been  taken.  Thus  the  bitterness  of  famine  by 
the  failure  of  other  crops  might  be  mitigated ;  and  as  the  oils  of  seeds  are  now 
conAisedly  mixed  together  in  commercial  transactions^  we  haye  thought  the  useful- 
ness of  this  plant  should  be  more  generally  known  by  references  to  those  qualities 
recorded  on  its  original  cultiyation. 

Colza  oil  is  now  extensiyely  used  £>r  burning  in  lamps  andfor  lubricating  machinery. 
The  Carcel,  Moderator,  and  other  lamps  are  contrived  to  give  a  continuous  supply  of 
oil  to  the  wick,  and  by  a  rapid  draught  of  air  brilliant  combustion  of  the  oil  is  main- 
tained without  smoke. 

In  the  lighthouses  of  France  and  England  it  has  been  employed  with  satisfaction, 
so  as  to  replace  the  use  of  sperm-oil ;  the  preference  has  been  given  on  the  grounds 
of  greater  brilliancy,  a  steadier  flame,  the  wick  being  less  charred,  and  the  advantage 
of  economy  in  price. 

The  Corporation  of  the  Trinity  House  and  the  late  Mr.  Hume  took  great  in- 
terest in  the  question  of  the  relative  merits  of  colza,  rape,  and  seed  oils,  as  compared 
with  sperm-oil,  and  in  1845  referred  the  investigation  of  the  power  and  qualities  of  the 
light  &om  this  description  of  oil,  to  Professor  Faraday.  He  reported  '  that  he  was 
much  struck  wiUi  the  steadiness  of  the  flame,  burning  12  or  14  hours  without  being 
touched ;  *  *  taking  above  100  experiments,  the  light  came  out  as  one  and  a  half  for 
the  seed-oil  to  one  of  the  sperm ;  the  quantity  of  oil  being  used  in  the  same  propor- 
tion;'  and  he  concludes  by  stating  his  *  confidence  in  the  results.' 

The  advantages  then  were,  less  trouble,  for  the  lamps  with  sperm  had  to  be  re- 
trimmed,  and  the  same  lamp  with  seed-oil  gave  more  lights  and  the  cost  then  was  aa 
Ss,  9d,  per  gallon  seed-oil,  against  6s.  4d.  imperial  gallon  of  sperm. 

Those  interested  should  consult  returns,  orderod  by  the  House  of  Commons, — 
*Li(}HTH0USBs:  on  the  motion  of  Mr.Humet  **  On  the  awsiitution  of  Rape-seed  oil  for 
Sperm-oUf  and  the  saving  accruing  therrfrom,'*  nth  Feb,  1866  ;  No.  76;  18<A  Mt^ck, 
1867i  196  and  196  L' 

In  the  Supplementary  Betums  laid  before  the  House  of  Commons  by  the  Commis- 
sioners of  the  Northern  Lights,  there  is  the  following  report  of  Alan  Stevenson,  Esq., 
their  engineer : — 

'  In  the  last  annual  report  on  the  state  of  the  lighthouses,  I  directed  the  attention 
of  the  Board  to  the  propriety  of  making  trial,  at  several  stations,  of  the  patent  culza 
or  rapoHseed  oil,  as  prepared  by  Messrs.  Briggs  and  Qarford,  of  Bishopsgate  Street. 
These  trials  have  now  been  made  during  the  months  of  January  and  February,  at 
three  catoptric  and  three  dioptric  lights,  and  the  results  have  from  time  to  time  been 
made  known  to  me  by  the  light-keepers,  according  to  instructions  issued  to  them,  as 
occasion  seemed  to  require.  The  substantial  agreement  of  all  the  reports  as  to  the 
qualities  of  the  oil  renders  it  needless  to  enter  into  any  details  as  to  the  slight  vary- 
ing circumstances  of  each  case ;  and  I  have  therefore  great  satisfeu^on  in  briefly 
stating,  as  fbllows,  the  very  favourable  conclusion  at  whiw  I  have  arrived : — 

*  1.  The  culz4  oil  possesses  the  advantage  of  remaining  fluid  at  temperatures  which 

thicken  the  spermaceti  oil. 

*  2.  The  culz&  oil  bums  both  in  the  F^esnel  lamp  and  the  single  argand  burner,  with 

a  thick  wick,  during  seventeen  hours,  without  requiring  any  coaling  of  the  wick, 
or  any  adjustment  of  the  damper ;  and  the  flame  seems  to  be  more  steady  and 
free  from  flickering  than  that  from  spermaceti  (A\, 

*  3.  There  seems  (most  probably  owing  to   the  greater  steadiness  of  the  flame) 

to  be  less  breakage  of  glass  chimneys  with  the  ci2z&  than  with  the  spermaceti  oil.' 
The  above  flrm,  who  from  thirty  years*  experience  in  the  trade,  were  enabled  to  in- 
duce the  Trinity  Corporation  to  give  this  oil  a  &ir  and  extended  trial,  state  that  *  fjr 
manufiftcturin^  purposes  it  is  equally  useful ;  it  is  admitted  by  practical  men  to  be  the 
best  known  oil  for  machinery ;  equal  to  Gallipoli ;  and  technically  it  possesses  more 
*•  body,"  though  perfectly  free  from  gummy  matter.' 

While  sperm,  Uallipoli,  nut,  or  lard  oils  are  rendered  useless  by  the  slightest  ex- 
posure to  frost,  the  colza  oil  will,  with  ordinary  care,  retain  its  fluidity :  this  has  been 
acknowledged  as  a  very  important  quality  to  railway  and  steam-boat  oompaniea. 
It  should  be  hero  stated  that  the  terms  rape-oils,  seed-oils,  colza  or  culza,  are  all 
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now  blended  together,  and,  howeyer  much  this  ma^  be  regretted,  jet  it  does  not  Beem 
easy  to  keep  distinctnees  in  the  general  usages  of  oil,  for  the  Customs  returns  class  all 
unaer  one  head, — ^Bape  Oil. 

A  number  of  British  and  colonial  seed-bearing  plants  appear  to  be  now  employed 
for  the  sake  of  their  oils,  although  on  account  of  the  mucilaginous  matter  contained 
in  many  of  the  oils,  they  are  far  inferior  to  the  colza  which  they  are  employed  to 
adulterate.— T.  J.  P. 

Of  the  importance  of  the  trade  some  estimate  may  be  formed  by  the  following 
entry. — The  ^f^rtations  of  seed-oils  were  as  follow : — 

Tons 

In  1870 ]S,429  valued  at  £594,983 

1871 10,461       „  406,426 

1872 19,981        „  788,419 


COMB*  The  name  of  an  instrument  which  is  employed  to  disentangle,  and  lay 
parallel  and  smooth  the  hairs  of  man,  horses,  and  other  animals.  They  are  made  of 
thin  plates,  either  plane  or  curved,  of  wood,  horn,  tortoise-shell,  ivory,  bone,  or  metal, 
cut  upon  one  or  both  sides  or  edges  with  a  series  of  somewhat  long  teeth,  not  fax 
apart. 

Two  saws  mounted  on  the  same  spindle  are  used  in  cutting  the  teeth  of  combs, 
which  may  be  considered  as  a  species  of  grooving  process ;  one  saw  is  in  this  case 
larger  in  diameter  than  the  other,  and  duts  one  tootii  to  its  full  depth,  whilst  the  smaller 
saw,  separated  by  a  washer  as  thick  as  the  required  teeth,  cuts  the  succeeding  tooth 
part  of  the  way  down. 

A  few  years  back  Messrs.  Fow  and  Lyne  invented  an  ingenious  machine  fbr  sawing 
boxwood  or  ivo:^  combs.  The  plate  of  ivor^  or  boxwood  is  fixed  in  a  damp  sus- 
pended on  two  pivots  parallel  wim  the  saw  spindle,  which  has  only  one  saw.  By  the 
revolution  of  the  handle  a  cam  first  depresses  the  ivoiy  on  the  revolving  saw,  cuts  one 
notch,  and  quickly  raises  it  again ;  the  handle,  in  completing  its  circuit,  shifts  the 
sUde  that  carries  the  suspended  clamp  to  the  right,  by  means  of  a  screw  and  ratchet 
movement.  The  teeth  are  cut  with  great  exactness,  and  as  quickly  as  the  handle  can 
be  turned ;  they  vary  from  about  thirty  to  eighty  teeth  in  one  inch,  and  such  is  the 
delicacy  of  some  of  the  saws,  that  even  100  teetli  may  be  cut  in  one  inch  of  ivory. 
The  saw  runs  through  a  deft  in  a  small  piece  of  ivory,  fixed  vertically  or  radially  to 
the  saw,  to  act  as  t^be  ordinary  stops,  and  prevent  its  flexure  or  displacement  side- 
ways. Two  combs  are  usually  laid  one  over  the  other  and  cut  at  once ;  occasionally 
the  machine  has  two  saws,  and  cuts  four  combs  at  once. 

In  the  manufacture  of  tortoise-shell  combs,  ve^  much  ingenuity  is  displayed  in 
soldering  the  back  of  a  large  comb  to  that  piece  which  is  form^  into  teeth.  The  two 
parts  are  filed  to  correspond ;  they  are  surrounded  by  pieces  of  linen,  and  inserted 
between  metal  moulds,  connected  at  their  extremities  by  metal  screws  and  nuts ;  the 
interval  between  the  halves  of  the  moulds  being  occasionally  curved  to  the  sweep 
required  in  tJie  comb ;  sometimes  also  the  outer  faces  of  the  mould  are  curved  to  the 
particular  form  of  those  combs  in  which  the  back  is  curled  round,  so  as  to  form  an 
angle  with  the  teeth.  Thus  arranged  it  is  placed  in  boiling  water.  The  joints  when 
properly  made  cannot  be  detected,  either  by  the  want  of  transparency  or  polish.  Much 
skill  is  employed  in  turning  to  economical  account  the  fiexibility  of  tortoise-shell  in 
its  heated  state  :  for  example,  the  teeth  of  the  larger  descriptions  of  comb  are  parted, 
or  cut  one  out  of  the  other  with  a  thin  frame  saw ;  then  the  shell,  equal  in  size  to  two 
combs  with  their  teeth  interlaced,  is  bent  like  an  arch  in  the  direction  of  the  length  of 
the  teeth.  The  shell  is  then  flattened,  the  points  are  separated  with  a  narrow  chisel 
or  pricker,  and  the  two  combs  are  flnished  whilst  flat,  with  coarse  single  cut  files,  and 
triaogular  scrapers ;  and  lastly,  they  are  warmed,  and  bent  on  the  knee  over  a  wooden 
mould  by  means  of  a  strap  passed  round  the  foot,  in  the  maimer  a  shoemaker  fixes  a 
shoe  last.  Smaller  combs  of  horn  and  tortoise-shell  are  parted  whilst  flat,  by  an 
ingenious  machine  with  two  chisel-formed  cutters,  placed  obliquely,  so  that  every  cut 
produces  one  tooth,  the  repetition  of  which  completes  the  formation  of  the  comb. 

Mr.  Bogers's  comb-cutting  machine  is  described  in  the  '  Transactions  of  the  Sodety 
of  Arts,'  voL  xlix.,  part  2,  page  150.  It  has  been  since  remodelled  and  improved  by 
Mr.  Kelly.  This  is  an  example  of  slender  chisel-like  punches.  The  punch  or  dbisel 
is  in  two  parts,  slightly  inclined  and  curved  at  the  ends  to  agree  in  form  with  the  out- 
Une  of  one  tooth  of  the  comb,  the  cutter  is  attached  to  the  end  of  a  jointed  arm, 
moved  up  and  down  by  a  crank,  so  as  to  penetrate  almost  through  the  mat  >rial,  and 
the  uncut  portion  is  so  very  thin  that  it  splits  through  at  each  stroke  and  1 .  aves  the 
two  combs  detached. 

The  comb-makers'  double  saw  is  called  a  '  stadda,'  and  has  two  blades  contrived  so 
as  to^ye  with  great  facility  and  exactness  the  intervals  between  the  teeth  of  combs, 
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from  the  coarsest  to  those  having  from  forty  to  forty-five  teeth  to  the  inch.  The 
gage-saw  or  gage-vid  is  used  to  make  the  teeth  square  and  of  one  depth.  Hie  saw  is 
froquentlj  made  with  a  loose  back,  like  that  of  ordinary  hack-saws^  but  much  wider, 
so  tnat  for  teeth  ^,  |,  4  inch  long,  it  may  shield  all  the  blade  except  ^,  |,  }  inch  of  its 
width  rospectiyely,  and  the  saw  is  applied  until  the  back  prevents  its  further  progress. 
Sometimes  the  blade  has  teeth  on  both  edges,  and  is  fixed  between  two  pandlel  slips 
of  steel  connected  beyond  the  ends  of  Sie  saw  blade  by  two  small  thumb-screws. 
After  the  teeth  of  combs  are  cut  they  are  smoodied  and  polished  with  files,  and  by 
rubbing  them  with  pumice-stone  and  tripoli. — HoUeapffd. 

Constancy  of  composition  is  one  of  the  most  essential  characters  of  chemical  com- 
pounds ;  by  which  is  meant  that  any  particular  body,  under  whatever  circumstances 
It  may  have  been  produced,  consists  invariably  (^  the  same  elements  in  identi- 
cally the  same  proportion;  the  converse  of  this  is  not,  however,  necessarily  true, 
that  the  same  elements  in  the  same  proporti<m  always  produce  the  same  body.    See 

ISOXEBISM. 

But  not  only  is  there  a  fixity  in  the  proportion  of  the  constituents  of  a  oompound  ; 
but  also,  if  any  one  of  the  elements  be  taken,  it  is  found  to  unite  with  the  other 
elements  in  a  proportion  which  is  either  invariable,  or  changes  only  by  some  very 
simple  multiple. 

The  numbers  expressing  the  combining  proportions  of  the  elements  are  only  relatire. 
In  England  it  is  usual  to  take  hydrogen  as  the  starting-point,  and  to  call  that  number 
the  combinina  nwmber  of  any  other  element  which  expresses  the  proportion  in  which 
it  unites  witn  one  part  by  weight  of  hydrogen :  and  these  numbers  are  now  likewise 
adopted  on  the  Ck)ntinent,  although  in  France  the  combining  numbers  are  sometimes 
referred  to  oxygen,  which  is  taken  as  100.  It  is  obvious  that,  whichever  f^stem  is 
used,  the  numbers  have  the  same  value  relatively  to  each  other. 

These  combining  numbers  would  have  but  little  value  if  thev  expressed  nothing 
more  than  the  proportion  in  which  the  elements  combine  with  that  body  arbitrarilj 
fixed  as  the  standard ;  but  they  also  represent  the  proportions  in  which  thej  umU 
among  themaeLvea^  in  the  event  of  union  taking  place.  Thus,  not  only  do  8  parts  of 
oxygen  unite  with  one  of  hydrogen,  but  also  8  parts  of  oi^gen  unite  wiUi  89  of 
potassium,  28  of  sodium,  100  of  mercury,  108  of  silver,  &c.  It  is  in  virtue  of  this  lav 
that  the  combining  proportions  of  many  of  the  elements  have  been  ascertained.  Some 
of  them  do  not  combine  with  hydrogen  at  all,  and  in  such  cases  the  quantitnr  wiiicfa 
unites  with  8  parts  of  oxygen,  or  16  of  sulphur,  &c.,  has  to  be  ascertained.  See 
Atomic  Weiohts;  Eqitivalbnts. — ^H.M.W. 

COBnnniTI8&B.  (Eng.  and  Fr. ;  Brennetoff,  Ger.)  Any  substance  which, 
exposed  in  the  air  to  a  certain  temperature,  consumes  with  the  emission  of  he«t 
and  light.  All  such  combustibles  as  are  cheap  enou^  for  common  use  go  under  the 
name  of  Fuel.  Every  combustible  requires  a  peculiar  pitch  of  temp^atore  to  be 
kindled,  called  its  aceendible  point.  Thus  phospnorus,  sulphur,  hydrogen,  carburetted 
hydrogen,  carbon,  each  takes  fire  at  successively  higher  heats.    See  I^^axb  ;  Fuel. 


COllBirSTZOir.  rEng.  and  Fr.;  Verbrennmtg,  Gter.)  The  phenomena  of  the 
development  of  light  ana  heat  from  any  body,  as  from  charcoal  combining  witli  the 
oxygen  of  the  air,  from  phosphorus  combining  with  iodine,  and  from  some  of  the 
metals  combining  with  chlorine.  Combustion  may  be  exerted  with  very  various 
degrees  of  energy.  We  have  a  low  combustion  often  established  in  masses  of  vegetable 
matter ;  as  in  haystacks,  or  in  heaps  of  damp  sawdust.  In  these  cases,  the  (Ganges 
going  on  are  the  same  in  character,  only  varying  in  degree,  as  those  presented  by  an 
ordinary  fire,  or  by  a  burning  taper— oxygen  is  combining  with  carbon  to  form  carbonic 
add.  The  heat  thus  produced  (the  process  has  been  termed  by  Liebig  Eremaetmsisy, 
increasing  in  force,  gives  rise  eventually  to  visible  combustion. 

Cases  of  spontaneous  combustion  are  by  no  means  uncommon.  Some  yean  since, 
the  editor  investigated  the  conditions  under  which  H.  M.  ships  the '  Imogen '  and 
'  Talavera  *  were  burnt  in  Devonport  Dockyard,  and  he  was  enabled  to  trace  the  fin 
to  a  large  bin,  in  which  there  had  been  allowed  to  accumulate  a  mass  of  oiled  oakum, 
pieces  of  old  fiannel  covered  with  anti-attrition,  sawdust,  shavings,  and  the  sweepings 
of  the  painters',  wheelwrights',  and  some  otJier  shops. 

The  subject  of  combustion  belongs  to  Watts's  *  Dictionary  of  Chemistry,*  where  it  is 
ftilly  treated.    See  Spontanbotjs  Combustion. 

COirCRBTa.  The  name  given  by  architects  to  a  compact  mass  of  pebbles, 
sand,  and  lime,  cemented  togeUier  in  order  to  form  the  foundation  of  bmldings. 
Semple  says  that  the  best  proportions  are  80  parts  of  pebbles,  each  about  7  or  8  oob. 
in  weight,  40  parts  sharp  river  sand,  and  10  of  lime;  the  last  is  to  be  mixed  with 
water  to  a  tninnish  consistence,  and  grouted  in.  It  has  been  found  that  Thames 
ballast,  as  taken  from  the  bed  of  the  river,  consists  of  nearly  2  parts  of  pebbles  to  1  of 
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sand,  and  therefore  answers  exceedingly  well  for  making  concrete,  with  from  ono- 
seyenth  to  one-eighth  part  of  lime.  The  best  mode  of  making  concrete,  according  to  Mr. 
Godwin,  is  to  mix  lime,  previously  giotmd,  with  the  ballast  in  a  dry  state ;  sufficient 
water  is  now  thrown  over  it  to  effect  a  perfect  mixture ;  after  which  it  should  be  turned 
over  at  least  twice  with  shovels,  or  oftener ;  thtfn  put  into  barrows,  and  wheeled  away 
for  use  instantly.  It  is  generally  found  advisable  to  employ  two  sets  of  men  to  perform 
this  operation,  with  three  sets  in  each  set,  and  the^  repeating  the  process,  turn  over 
the  concrete  to  the  barrow-men.  After  being  put  into  the  barrows,  it  should  be  at 
once  wheeled  up  planks  so  raised  as  to  give  it  a  fall  of  some  yards,  and  thrown  into 
the  foundation,  by  which  means  the  particles  are  driven  closer  together,  and  greater 
solidity  is  given  to  the  whole  mass.  Soon  after  being  thrown  in,  the  mixture  is  ob- 
served usually  to  be  in  commotion,  and  much  heat  is  evolved,  with  a  copious  emission 
of  vapour.  The  barrow-load  of  concrete  in  the  fall  spreading  over  the  ground  will 
form  generally  a  stratum  of  firom  7  to  9  inches  thick,  which  should  be  allowed  to  set 
before  throwing  in  a  second. 

Another  mewod  of  making  concrete,  is  first  to  cover  the  fbnndation  with  a  certain 
quantity  of  water,  and  then  to  throw  in  the  dry  mixture  of  ballast  and  lime.  It  is 
next  turned  and  levelled  with  shovels ;  after  which  more  water  is  pumped  in  and  the 
operation  is  repeated.  The  farmer  method  is  undoubtedly  preferable.  In  some  cases 
it  has  been  found  necessary  to  mix  the  ingredients  in  a  pug-mill,  as  in  mixing  clay, 
^cCf  for  bricks.  For  the  preparation  of  a  concrete  foundation,  as  the  hardening  should 
be  rapid,  no  more  water  should  be  used  than  is  absolutely  necessary  to  eSoct  a  perfect 
mixture  of  the  ingredients.  Hot  water  accelerates  the  induration.  There  is  about 
one-fifth  contraction  in  volume  in  the  concrete,  in  reference  to  the  bulk  of  its  ingre- 
dients. To  form  a  cubical  yard  of  concrete,  about  30  fL  cube  of  ballast  and  3i  ft.  cube 
of  ground  lime  must  be  employed,  with  a  sufficient  quantity  of  water. 

Several  other  methods  have  been  adoi>ted  by  builders  and  engineers:  these,  however, 
involve  the  same  principles  and  general  condition ;  a  detail  of  them  is,  therefore,  un- 
necessary in  this  work.  The  reader  desiring  information  is  refoxred  to  worics  espe- 
cially devoted  to  engineering  and  building.    See  Htdbaxtxjo  Ldcb. 

COV]IT*S  niBIMVBCmrO  SO&imoir.  A  solution  of  an  alkaline  man- 
ganate,  or  permanganate.    See  Mamoaiiatbs  and  Disinfectantb. 

OOirraCTXOm&T.    See  SwEiKTMBATS. 

OOWOBXATIOW.  (Eng.  andEr.;  O^frierungf  Qer,)  The  act  of  freesing  liquids. 
The  processes  employed  are  chiefly  chemical,  but  some  are  mechanical.  These  wiU  have 
further  attention  under  the  heads  EBSB2XEfo  Mixtubbs,  Icb,  and  Ice  Mazvufactdbb. 

OOmcmAJbCZTB.    An  arsenate  and  phosphate  of  copper  found  in  Andalusia. 

COmTBXJB.  The  natural  order  of  cone-bearing  plants,  including  some  of  the 
most  important  trees,  such  as  all  kinds  of  fir,  cedar,  jumper,  pine,  cypress,  &c 

OOVnWB.  C>*H"^N  (0"X>«»).  A  volatile  base  found  in  hemlock  (Canium 
maeuiatum).    It  is  supposed  to  be  the  cause  of  the  poisonous  mrajperties  of  that  plant 

OOMMMJLm  A  fragrant  resin  used  for  making  pastiles.  It  is  extracted  from  the 
HyavM,  or  incense  tree,  which  grows  in  British  Guiana. 

OOimrM.  Coniium  maculatum.  Sotted  Hemlock.  The  celebrated  Athenian 
state  poison  by  which  Socrates  and  Phoaon  died. 

OOO&OVOnnB.  Under  this  name  a  peculiar  substance  has  recently  been 
imported  from  South  Australia.  It  resembles  caoutchouc  in  many  of  itsphysical 
properties,  and  has  been  called  by  some  authorities  mineral  caoutchouc  or  Entente ; 
it  seems,  however,  to  be  essentiaUy  different  from  that  substance,  and  is  probably  a 
product  of  vegetable  origin.  It  is  found  in  thin  layers  spread  over  the  surface  of  the 
ground  in  a  sandy  plain  in  the  district  known  as  the  Coorong,  in  South  Australia. 

Coorongite  is  a  dark  brown  elastic  substance,  which  exhibits  under  the  microscope 
a  cellular  structure  interwoven  with  fibres.  It  does  not  vulcanize  with  sulphur.  By 
destructive  distillation  it  evolves  gaseous  products ;  and  oils  and  acetic  acid  may  be 
obtained  by  condensation.  According  to  an  examination  in  the  .Colony,  by  Mr. 
G.  Francis,  it  is  capable  of  being  resolved  into  two  substances:  (1)  a  soft,  smni-fluid 
balsam,  of  an  olive-green  colour,  insoluble  in  water,  mineral  acids,  absolute  alcohol, 
and  wood-naphtha,  but  soluble  in  ether,  chloroform,  benzole,  turpentine,  and  essen- 
tial oils ;  (2)  a  tough,  pulverulent,  elastic  substance,  combustible,  but  insoluble  in  any 
of  the  above-named  menstrua.  The  specific  gravity  of  Coorongite  is  0'98  or  0*99. 
An  analysis  by  Dr.  Bemays  yielded : 

Volatile  matter 97'190 

Fixed  carbon     .......      1*005 

Ash 1-790 

99*985 
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The  axnoTint  of  moisture  vas  odj  0*4682  per  cent.;  bat  sepaxating  this  from  the 
Yolatile  matter,  the  complete  analysis  may  be  thus  represented : 

Carbon 64'7300 

Hydrogen 11*6300 

Hoisture 0*4682 

Ash 1*7900 

fixed  carbon 1*0050 

Oxygen,  and  other  substances  unestimated        .  20*3768 


100-0000 

COOXJnUlf  WATBti  Vessels  of  porous  unglaased  earthenivare,  in  which  a 
liquid  can  be  kept  cool  by  constantly  exumng  through  the  substance  of  the  ware  and 
evaporating  from  the  outer  surface  of  the  vessel.  Such  coolers,  of  great  use  in  hot 
climates,  are  often  known  by  their  Spanish  name  Jlcarrasas. 

OOOIoro  rXilFZDS.    See  Bbfriobbatobt. 

COPAIBA,  lillTiSmwr  or.  This  oleo-reein  is  imported  from  Peru,  and  is  the 
produce  of  several  species  of  Copaffera. 

COP  All.  A  resm  whidi  exudes  spontaneously  from  two  txees,  the  Bhus  ccpdlmumt 
and  the  EUBOcarpue  copaltferuSf  the  first  of  which  grows  in  America,  and  the  second  in 
the  East  Indies.  A  third  species  is  said  to  grow  on  the  banks  of  some  rivers  in*  and 
near  the  coasts  of,  Guinea. 

Much  information  has  been  received  of  late  years  from  various  sources  concerning 
this  somewhat  ill-understood  product  It  is  now  known  that  there  are  three 
different  kinds  of  copal  in  commerce,  but  lilile  is  Imown  of  their  distinguishing 
characteristics.  We  have  East  Indian  and  West  Indian  copal,  and,  under  the  latter 
name,  two  very  different  substances.  The  East  Indian,  called  also  African,  is  more 
colourless,  soft,  and  transparent,  than  the  others ;  it  forms  a  fine  surface,  and  when 
heated  emits  an  agreeable  odour.  It  furnishes  the  finest  varnish ;  fresh  essence  of 
turpentine  dissolves  it  completely,  but  not  old.  Essence  digested  u^n  sulphur  will 
dissolve  double  its  own  weight,  without  letting  any  falL  ij^esh-rectified  oil  of  rose- 
mary will  dissolve  it  in  any  proportion,  but  if  the  oil  is  thickened  by  age  it  serves 
onW  to  swell  the  copal. 

When  cautiously  melted,  it  may  be  then  dissolved  in  good  essence  of  turpentine  in 
any  proportion,  producing  a  fine  varnish  of  little  colour. 

A  good  varnish  may  be  made  by  dissolving  1  part  of  copal,  1  of  essence  of  rose- 
mary, with  from  2  to  3  of  pure  alcohol.  This  varnish  should  be  applied  hot,  and  when 
cold,  becomes  Terj  hard  and  durable. 

The  West  Indian  species,  or  American,  comes  to  us  not  in  lumps  of  a  globular  form, 
but  in  small  fiat  fragments,  which  are  hard,  rough,  and  without  taste  or  smelL  It  is 
usually  yellow,  and  never  colourless  like  the  other.  Insects  are  very  rarely  found  in 
it.  It  comes  from  the  Antilles,  Mexico,  and  NorUi  America.  It  will  not  dissolve  in 
essence  of  rosemary. 

The  third  kind  of  copal,  known  also  as  West  Indian,  was  formerly  sold  as  a  product 
of  the  East  Indies.  It  is  found  in  fragments  of  a  concavo-convex  form,  the  outer 
covering  of  which  appears  to  have  been  removed.  It  contains  many  insects.  When 
rubbed  it  emits  an  aromatic  odour.  It  gives  out  much  ethereous  and  empyrenmatic 
oil  when  melted.    It  forms  a  soft  varnish,  which  dries  slowly. 

Fusel-oil,  or  amyl  spirit,  has  been  lately  used  as  a  solvent  of  the  hard  copal ;  but 
it  does  not  dry  into  a  very  solid  varnish. 

It  is  now  believed  that  the  East  Indian  copal  is  the  produce  of  Hs/menaa  Courbaril^ 
and  perhaps  also  of  H.  tfermcosa.  It  is  probable  that  the  Brazilian  oopal  is  yielded 
by  several  species  of  the  same  genus,  ana  by  Tracfn/Iobium  martianum.  The  African 
copals  are  supposed  to  be  the  produce  of  certain  species  of  Eymenaa  and  of  the 
GuibowrHa  copaUifera. 

OOPBT.    The  wood  of  the  Cltuia  rosea  used  for  dyeing. 

OOPPBB.  {Symholy  Cu. ;  Atotmctveight^  31*7.)  One  of  the  metals  most  anciently 
known.  It  was  named  from  the  island  of  Cyprus,  where  it  was  extensively  mined  and 
smelted  by  the  Greeks.  It  has  a  reddish-brown  colour  inclining  to  yellow ;  a  £dnt 
but  nauseous  and  disagreeable  taste ;  and  when  rubbed  between  the  fingers  imparts 
a  smell  somewhat  analogous  to  its  taste.  Its  specific  gravity  is  from  8*8  to  8*9.  It 
is  much  more  malleable  £an  it  is  ductile ;  so  that  far  finer  leares  may  be  obtained 
from  it  than  wire.  It  is  said  to  melt  at  1,996^  F.,  and  at  a  higher  temperature  it 
evaporates  in  ftimes  which  tinge  fiame  of  a  bluish  green.  By  exposure  to  heat  with 
access  of  air,  it  is  rapidly  converted  into  black  scales  of  protoxide.  In  tenaci^ 
it  yields  to  iron;  but  considerably  surpasses  gold,  silver,  and  platinum,  in  this 
respect. 
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Pure  copper  may  be  obtained  in  the  solid  state  either  bv  the  reduction  of  the  pnre 
oxide  by  a  stream  of  hydrogen  gas  passed  oyer  it  in  an  ignited  tube,  or  by  the  elec« 
trotype  process.    See  Electro-mstaixxtbot. 

Obss  of  Coffbb. — Copper  ores  do  not  possess  any  one  general  physical  character  by 
which  they  may  be  recogmsed ;  but  they  are  readily  distinguished  by  chemical  reagents. 
Ammonia  digested  upon  any  of  the  cupreous  ores  m  a  pulverised  state,  after  they  have 
been  calcined  either  alone  or  with  nitre,  assumes  an  intense  blue  colour,  indicative  of 
copper.  Few  copper  ores  are  to  be  met  with  which  do  not  betray  the  presence  of  this 
metal  by  more  or  less  of  a  greenish  film. 

The  following  are  the  principal  minerals  which  contain  <^per : — 

Native  or  Virgin  Copver  {Cuivre  natif,  Fr. ;  Gediegen  Kvpfer^  Qer.)  This  metal 
commonly  occurs  in  dendritic  and  arborescent  masses,  or  is  incQstinctly  crystallised  in 
complex  and  distorted  forms  of  the  cubic  system.  It  is  a  frequent  associate  of  the 
ordinary  ores  of  copper,  and  appears  to  have  been  formed  in  most  cases  by  reduction 
from  some  of  these  ores.  Native  copper  is  found  not  only  in  copper-bearing  veins, 
but  in  the  fissures  and  cavities  of  certain  trappean  rocks,  in  deposits  in  serpentine, 
and  occasionally  in  sandstones  and  conglomerate.  The  native  metal  is  not  uncommon 
in  some  of  the  Cornish  copper-mines,  and  is  found  abundantly  in  certain  copper- 
bearing  deposits  in  Siberia,  Chili,  Bolivia,  and  South  Australia.  But  the  most  im- 
portant occurrence  of  native  copper  yet  recorded  is  that  at  Keewenaw  Point,  Lake 
Superior,  where  certain  amygdaloidal  trap-rocks  hold  large  quantities  of  copper,  in 
association  with  calcite  and  zeolitio  minerals.  The  native  copper  of  Lake  Superior 
also  occurs  as  the  cementing  materials  of  a  conglomerate,  and  in  a  finely-divided  form 
disseminated  through  sandstone.  Some  of  this  copper  is  remarkable  for  containing 
silver,  which  appears  in  distinct  masses  sharply  separated  from  the  copper  in  which 
it  is  embedded,  the  two  metals  not  having  formed  an  alloy.  Masses  of  native  copper 
have  been  found  at  Lake  Superior,  weighing  upwards  of  400  tons. 

Copper  Glancet  Viireoua  Copper  Ore,  Chtdcooite,  Sedruthiie,  or  Disuiphide  of  Copper^ 
{Cttivre  inireux,  Fr. ;  KupfergCaus,  Ger.).  This  mineral,  which  forms  a  most  valuable 
Ofre,  occurs  both  crystallised  and  massive.  Some  of  the  composite  crystals  from  St. 
Just,  in  Cornwall,  are  known,  from  their  form,  as  nml-head  copper  ore.  The  fracture 
of  copper-glance  is  c(mchoidal ;  surface  sometimes  dull ;  colour,  iron-black  or  lead- 
grey,  often  bluish,  iridescent,  or  reddish  from  a  mixture  of  oxide.  It  is  easily  melted 
even  by  the  heat  of  a  candle ;  but  is  more  difftcult  of  reduction  than  protoxide.  This 
ore  yields  to  the  knife,  assuming  a  metallic  lustre  when  cut.  Its  density  varies  from 
4*8  to  5*34.  Copper-glance  is  a  disulphide  (cuprous  sulphide),  containing  when  pure 
Cu*S,  corresponding  to  79*8  per  cent,  of  ooppiar  and  20*2  of  sulphur ;  but  as  found  in 
nature  it  generally  contains  more  or  less  iron.  This  is,  therefore,  one  of  the  richest 
ores,  and  forms  very  important  veins.  It  is  to  be  fouiKl  in  all  considerable  copper 
districts;  in  Sibena,  Saxony*  Sweden,  and  especially  Cornwall,  where  the  finest 
crystals  occur. 

Copper  PyriteSf  ChalcopYriie,  Towaniie,  or  YeUaw  Copper  Ore,  (Cuivre pyrUeux,  Fr. ; 
Kupfirkiea,  Ger.).  This  is  the  common  ore  of  copper  in  Cornwall  and  many  other 
copper-mining  districts.  It  resembles  in  its  metallic  yellow  hue  bisulphide  of  iron 
(iron  pyrites) ;  but  the  latter  is  paler,  harder,  and  strikes  fire  easily  with  steeL 
Copper  pyrites  sometimes  presents  the  most  lively  rainbow  colours,  audit  then  known, 
from  this  iridescence,  as  liaeock  ore.    Its  specific  gravity  is  4*3. 

Copper  pyrites  is  a  double  sulphide  of  copper  and  iron,  containing  theoretically  34*5 
per  cent,  of  copper,  30*5  of  iron,  and  35  of  sulphur,  corresponding  to  the  formula 
Cu*S,Fe'S',  or,  as  sometimes  expressed,  CuSJB'eS.  Copper  pyrites  occurs  in  vast 
masses  and  extended  veins,  in  primitive  and  transition  districts ;  and  is  commonly 
accompanied  with  grey  copper,  iron  pyrites,  sparry  iron,  galena,  and  zinc  blende. 

BomUe,  Erubescite,  PhuHpnie,  Pwnle  Copper  Ore,  Variegated  Ore,  or  Horee^fleeh 
Ore,  {Cwivre  panaohS,  Fr. ;  ButUkup/erers,  Ger.).  A  double  sulphide  of  copper  and 
iron.  A  Cornish  specimen,  analysed  by  Plattner,  yielded — copper,  56*76;  iron, 
14*84 ;  sulphur,  28*24.  The  composition  of  the  crystallised  mineral  appears  to  be 
reducible  to  the  formula  SCu'SfFe'S'.  The  ore  usually  occurs  massive,  presenting  a 
colour  between  copper-red  and  pinchbeck-brown,  but  often  obscured  by  a  purple 
tarnish.  Its  specific  ^vity  varies  from  4*4  to  5*5.  Horse-fiesh  ore  is  abundant  in 
some  of  the  copper-mines  of  Chili  and  Canada.  It  is  also  found  in  Cornwall  and  in 
Ireland.  It  occurs  with  serpentine  at  Monte  Catini  in  Tuscany,  and  forms  thin 
seams  in  the  copper-slates  of  Mansfeld  in  Prussia. 

Fahl  Ore,  Tetrahedrite,  or  Grey  Copper  Ore,  {FaJkUrz,  Qer.).  An  ore  of  variable 
composition,  generally  containing  between  30  and  40  per  cent,  of  copper.  It  is 
essentiaUy  an  antimonio-sulphide  or  arsenio-sulphide  of  copper,  but  the  copper  may 
be  pttftially  replaced  by  iron,  zinc,  silver,  or  mercury.  Fahlerz  is  a  steel-grey  mineral, 
with  a  metallic  lustre,  and  frequently  assumes  well-defined  tetrahedral  forms.    The 
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ore  is  generally  valued  for  the  silyer  which  it  (Sontains  rather  than  for  its  copper.  It 
is  Toiy  difScolt  to  convert  into  pure  copper  bj  smelting,  on  account  of  the  presence  of 
antimony  and  arsenic    See  Fahlbsz. 

TennantUe,  An  arsenio-sulphide  of  copper  and  iron,  closely  allied*  to  Fahlerz.  It 
was  formerly  obtained  crystaUised  in  rhombic  dodecahedra,  team.  Wheal  Jewell,  in 
Ghrennap,  and  &om  some  other  Oomish  mines.    This  species  is  rare. 

CuprUe,  Bed  Oxide  of  Oopwr,  Rvbf/  Copper  Ore^  or  Sub-oxide  of  Copper^  {Cuiwre 
oxiduU,  Fr. ;  Bothkupfererz,  Ger.).  This  mineral  f^quently  occurs  in  fine  octahedral 
and  cubic  crystals,  associated  with  other  ores  in  the  shallow  workings  of  copper-mines. 
Its  colour  is  a  deep  red,  sometimes  very  bright,  especially  when  braced.  It  is  friable, 
difiScult  of  fusion  at  the  blowpipe,  reducible  on  burning  charcoal,  soluble  with  effer- 
vescence in  nitric  acid,  forming  a  green  liquid,  and  also  soluble  in  ammonia.  Cuprite 
is  a  sub-oxide  of  copper  (cuprous  oxide),  Gu*0,  containing,  when  pure,  copper  88*8, 
and  oxygen  11*2.  The  impure  compact  varieties,  associated  with  much  iron  ochre, 
have  been  called  tiU'Cret  whilst  certain  delicate  capillary  varieties  are  known  as  piusJk 
copper  ore  or  ehtdootrieUte, 

MelaooniU,  or  Blaok  Oxide  of  Copper^  {Cttivre  oxidi,  Fr. ;  Kupfenckwarge,  Ger.). 
The  native  protoxide  of  copper  (cnpnc  oxide),  OuO,  generally  occurs  as  a  black  earthy 
or  pulverulent  incrustation  on  other  copper  ores,  from  which  it  has  been  produced  bj 
decomposition. 

Mataehite  or  Green  Carbonate  of  Copper.  This  mineral  is  found  in  most  deposits 
of  copper  ore,  especially  in  the  upper  parts  where  atmospheric  influences  have  been 
active.  It  is  a  hydrous  carbonate  of  copper,  corresponding,  when  pure,  with  the  for- 
mula, 20uO,CO*-f  HO  (aOnCMH-f  X^O) :  this  requires  71*9  per  cent  of  protoxide  of 
copper,  19*9  of  carbonic  add,  and  8*2  of  water.  Malachite  is  found  earthy,  oompactv 
stalactitic,  or  mammiUated.  The  finest  examples,  sometimes  polished  as  ornamental 
stones,  come  fh>m  Siberia,  and  from  Burra  Burra  in  South  Australia. 

Aznrite^  CheteyUUt  Blue  MalaohUe,  or  Blue  Carbonate  of  Copper,  A  hydroui  car- 
bonate of  copper  containing  in  its  purest  forms  2(OuO.GO')  +  CuO.HO  (aOvOO* 
+CiiB*0*);  iniich  corresponds  to  protoxide  of  copper  69*2,  carbonic  add  26*6,  and 
water  5*2.  Azurite  thus  dirors  from  maladiite  in  chemical  composition  and  in  colour ; 
it  is  also  more  prone  to  crystallise,  and  magnificent  specimens  were  formerly  obtained 
from  the  copper-mines  of  Chessy,  near  Lyons. 

ChryeoooUa.  This  mineral,  which  is  a  hydrous  silicate  of  copper  of  variable  com- 
position, somewhat  resembles  carbonate  of  coppeir,  and  commonly  occurs  as  a  green, 
bluish-green,  or  turquoise-blue  incrustation  on  other  copper  ores.  A  black  reainoos 
variety,  impure  by  the  presence  of  much  iron,  is  generaUy  known  as  pitdk  copper 
ore, 

JHopiaee  or  Emerald  Copper,  A  beautify  but  rare  silicate  of  copper  occurring  in 
emerald-green  crystals,  composed  of  CuO.SiO*  +  HO  (cn^ilO*  +  WPOy,  It  is  foni^  in 
the  Eirghese  Steppes  and  in  Chili,  but  cannot  be  called  an  ore  of  copper. 

AtaoSmUe,  An  oxychloride  of  copper  containing  CuCl-i-3  (CnCHO)  or  OvCP 
•f  SOuVO^  This  corresponds  to  copper  15,  chlorine  16,  ]^rotoxide  of  copper  66, 
and  water  12.  It  occurs  in  fine  rhombic  crystals  of  a  greenish  blad:  colour,  and  is 
woriLed  as  an  ore  at  the  Wallaroo  and  other  copper-mines  on  Yorke  Peninsula, 
South  Australia.  It  Is  also  found  in  the  form  of  a  green  sand  in  the  Desert  of 
Atacama. 

Phoepkatee  of  Copfer,  Several  copper-bearing  minerals  containing  phosphoric  add, 
with  or  wi^out  its  isomorph  arsenic  add,  are  luiown  to  the  mineralogist,  but  none  of 
them  occur  in  suffldent  abundance  to  be  used  as  ores.  Idbethemte  is  a  hyditms 
phosphate,  occurring  in  rh(mibic  crystals  at  libethen  in  Hungary ;  and  EUiie  is  a 
similar  mineral  from  Ehl  in  Nassau. 

Jreenatea  of  Copper,  A  large  number  of  these  oomjKrands  are  known,  but  are  only 
of  mineralogical  interest.  Among  these  are  the  spedes  named  olivenite,  euchrrate, 
tagilite,  tyrolite,  liroconite,  comwallite,  and  chaloophyllite  or  copper-mica. 

CkaloantkUe,  Ot/anoeiie,  Blue  Vitriol^  or  Sulphate  of  Copper,  A  mineral  similar  to 
the  artifidal  Bait  of  the  laboratory.  Tlie  blue  water  which  fiows  ttom.  certain  copper- 
mines  is  a  solution  of  this  salt  The  copper  is  easily  procured  in  the  metallic  state 
by  plungiuff  into  it  pieces  of  iron. 

It  should  be  remarked  that  many  of  the  minerals  noticed  above  are  not  available  as 
ores  of  copper.  Dr.  Sdierer,  of  Freiberg,  has  arranged  the  prindpai  ores  of  copper  as 
follow: — 

Copper  in  100 

1.  Copper  Qlance,  Ou*S 79*7 

2.  Copper  pyrites,  Cu«S,  Fe«S" 84*8 

3.  Buntkupfererz,  dCu<S,  Fe*S* 66*7 

4.  Fahlerz,  4(0u*S,  FeS,  ZnS,  AgS)  (SbS*,A8S*)         .       .        14—41 
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Copper  in  100 

5.  Kedozideofcopper,  Ca*0 88*6 

6.  Malachite.  2CuO,CO«  + HO 67-4 

7.  Ajnirite,  ^CuO,00*)  +  CuO,HO 65-3 

We  shall  here  give  a  brief  aoootint  of  the  copper  slates  of  Mansfeld,  in  Prussia, 
and  of  the  copper  veins  of  Comwall. 

Copptr-date  (Knp/ersehufir)  of  Man^dd,  in  Prusiian  Saxony,  The  KupferacMefer 
is  a  oaA  coloured  bituminous  schist,  impregnated  with  copper  ore,  occurring  viUi 
singular  persistence  over  a  large  area  on  the  south-east  of  the  Harts.  Its  geological 
position  IS  in  the  Permian  formation,  below  the  Zeduteiiiy  or  Magnesian  limestone, 
and  above  the  red  sandstones  and  conglomerates  known  as  the  Bothtodtliegendc\ 
indeed,  the  latter  name  (*  red  dead  strata ')  has  reference  to  the  fact  that  the  ores  in  the 
overlying  schist  die  awaj  on  appioaching  these  beds.  The  actual  floor  of  the  cupreous 
schist  is  formed  by  a  uiin  bed  of  white  sandstone,  known  as  the  WeisslUgenaes^  the 
upper  part  of  which  is  slighUj  cupriferous,  and  is  smelted  under  the  name  of  Sanderz, 
Upon  uiis  sandstone  rest  the  true  copper-bearing  schists,  forming  three  or  four  thin 
beds,  with  an  aggregate  thickness  rarely  exceeding  two  feet,  and  sometimes  not 
attaining  more  than  half  this  thickness.  The  schists  are  highly  fbssiliferous,  and  are 
especially  rich  in  remains  of  ganoid  fish  belonging  to  the  genera  Pttl4doni$cu$  and 
Ftaty»omuM,  Towards  their  upper  part,  the  schists  become  calcareous,  and  are  some- 
timee  known  as  the  Noberge,  The  bads  of  cupreous  schists,  or  copper-^ate,  are  thrown 
into  a  synclinal  form,  and  are  chiefly  worked  near  their  basset;  the  intrusion  of 
masses  of  melaphyre  has  divided  the  deposit  into  three  separate  areas :  those  of 
Eisleben,  Sangerhausen,  and  Pvankenhausen.  The  schist  is  nchest  in  the  neighbour- 
hood of  &ults,  and  the  thinner  beds  are  said  to  hold  more  copper  than  the  thicker 
deposits.  Only  a  few  inches — not  generally  more  than  five-— are  worth  working. 
The  ore  is  disseminated  in  the  form  of  copper  pyrites,  oopner-glanoe,  and  purple-ore. 
The  schist  contains  from  1*8  to  3*7  per  cent,  of  copper,  and  this  copper  always  con- 
tains traces  of  silver,  1  cwt  of  cof^)er  holding  nom  0*53  to  0*58  lb.  of  silver. 
Although  the  German  oopper-slate  is  thus  a  very  poor  ore,  yet  by  an  admirable 
organisation  of  the  mines  and  smelting-works  both  the  copper  and  silver  are  profitably 
extracted,  and  a  large  population  entirely  supported  by  this  industry.  The  copper- 
mines  of  Mansfeld  £ive  been  worked  since  the  close  of  the  twelfth  century;  Martin 
Luther's  fieither  was  a  miner  in  this  district.  The  metallurgical  treatment  of  the 
oopper-slate  will  be  described  below. 

domiih  Copper  Vems, — ^The  deposits  of  copper  in  Cornwall  occur  as  veins  in 
granite,  or  in  the  schistose  rocks  which  surrouna  and  cover  it ;  and  hence,  the  Cornish 
miners  work  mostly  in  the  granite  and  day-slate ;  the  former  of  which,  when  metalli- 
ferous, is  usually  in  a  coarse  and  often  a  disintegrated  state ;  this  they  call  growan, 
the  latter  ibO^ 

Copper  veins  are  abundant  in  killas  and  more  rare  in  granite ;  but  most  numerous 
Bear  the  line  of  junction  of  the  two  rocks.  The  different  kinds  of  copper  veins  in 
Cornwall  may  be  classed  as  follow : — 

1.  Copper  veins,  generally  running  east  and  west 

2.  Second  system  of  copper  veins,  or  contra  lodes, 

3.  Crossing  veins ;  eross-courtea. 

4.  Clav  veins,  called  OroM'F^katu  or  Slides, 

The  width  of  these  veins  does  not  often  exceed  6  feet,  though  occasional  enlarge- 
ments to  the  extent  of  12  or  more  feet  sometimes  take  place.  Their  length  is  unknown, 
but  one  explored  in  the  United  Mines  has  been  traced  over  an  extent  of  seven  miles. 
GHhe  gangne  of  tJiese  veins  is  generally  quarts,  either  pure,  or  mixed  with  green 
particles  analogous  to  chlorite.  They  contain  iron  pyrites,  blende,  sulphide,  and  aavenX 
other  compounds  of  copper,  such  as  the  carbonate,  phosphate,  arsenate,  chloride,  &c 
The  most  part  of  the  copper  lodes  are  accompanied  by  small  argillaoeous  veins,  called 
by  the  miners  fiookans  oj  the  lode.  These  are  often  found  on  both  sides  of  the  v^ 
so  as  to  form  diedus  or  waUe, 

When  two  veins  intersect  each  other,  the  direction  of  the  one  thrown  out  becomes 
an  olject  of  interest  to  the  miner.  In  Saxony  it  is  regarded  as  a  general  fact,  that  the 
rejected  portion  is  always  on  the  side  of  the  obiuae  angle ;  this  also  holds  generally  in 
Cornwall,  and  the  more  obtuse  the  angle  of  incidence,  the  more  considerable  the  heave. 
The  great  cc^per  vein  of  Carharack,  in  the  parish  of  Ghrennap,  is  an  instructive  ex- 
ample of  intersection.  The  width  of  this  vein  is  8  feet ;  it  runs  nearly  from  east  to 
west,  and  dips  towards  the  north  at  an  inclination  of  2  feet  in  a  &thom.  Its  upper 
part  is  in  the  killas,  its  lower  in  granite.  This  vein  has  suffered  two  intersections : 
the  first  results  firom  encountering  the  vein  called  Steven's  fiookan,  which  runs  from 
north-east  to  south-west,  throwing  it  out  several  fathoms.  The  second  has  been  caused 
bj  anothtt  vein,  almost  at  right  angles  to  the  first,  and  iHiich  has  heaved  it  20  ikthomt 
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to  tlie  right  The  throw  of  the  vein  occurs,  therefore,  in  one  case  to  the  rights  and  in 
the  other  to  the  left ;  but  in  both  instances,  it  is  to  the  side  of  the  obtuse  ang;le.  This 
disposition  is  very  singular ;  for  one  portion  of  the  vein  appears  to  have  ascended,  while 
another  has  sunk.    See  Fatjlts. 

The  copper-mines  of  the  isle  of  Anglesea,  those  of  North  Wales,  of  Westmoreland, 
the  adjacent  parts  of  Lancashire  and  Cumberland,  of  the  south-west  of  Scotland,  of 
the  Isle  of  Man,  and  of  the  south-east  of  Ireland,  also  occur  in  primitive  ot  transition 
rocks.  The  ores  lie  sometimes  in  masses,  but  more  frequently  in  veins.  The  mine 
of  Ecton,  in  Staffordslure,  and  that  of  Cro«s-gill-bum,  near  AJston-moor,  in  Cumber- 
land, occur  in  carboniferous  or  mountain  limestone. 

The  copper  ores  extracted  both  from  the  granitic  and  schistose  localities,  as  well  as 
from  the  calcareous,  are  uniformly  copper  pyrites  more  or  less  mixed  with  mundic ; 
the  red  oxide,  carbonate,  aresenate,  phosphate,  and  chloride  of  copper,  are  very  rare  iil 
these  districts. 

The  working  of  copper-mines  in  the  isle  of  Anglesea  may  be  traced  to  a  very 
remote  era.  It  appears  that  the  Bomans  were  acquainted  with  the  Amlwch  mine  near 
Holyhead.  Mr.  Thomas  F.  Evans  has  been  so  fortunate  as  to  obtain  and  preserve 
three  copper  cakes  fpund  at  Bryndu,  Amlwch,  which  are  evidently  of  Boman  origin. 
The  copper-mines  in  Parys  Mountain  were  not  worked  with  activity  until  the  year 
1779.  In  1784  these  mines  produced  3,000  tons  of  copper  annually.  This  deposit 
lies  in  a  greenish  day  slate,  passing  into  talc  slate;  a  rock  associated  with  ser- 
pentine and  euphotide.  The  veins  of  copper  are  from  one  to  two  yards  thick ;  and 
conveige  towaras  a  point  where  their  umon  forms  a  considerable  mass  of  ore.  On 
this  the  mine  was  first  commenced  by  an  open  excavation,  which  is  now  upwards  of 
300  feet  deep,  and  appears  from  above  like  a  vast  funneL  Galleries  are  formed  at 
different  levels  upon  me  flanks  of  the  excavation  to  follow  the  several  smaller  veins, 
which  run  in  all  directions,  and  diver^  from  a  common  centre  like  so  many  radii. 
The  ore  receives  in  these  galleries  a  kind  of  sorting,  and  is  raised  by  means  oi  hand 
windlasses  to  the  summit  of  a  hill,  where  it  is  cleaned  by  breaking  and  jigging. 

The  water  is  so  scantv  in  this  mine  that  it  is  pumped  up  by  a  small  steam- 
engine.  A  great  proportion  of  it  is  charged  with  sulphate  of  copper.  It  is  con- 
veyed into  reservoirs  containing  pieces  of  old  iron ;  the  s^phate  is  thus  deeompoeed 
and  metallic  copper  obtained  by  cementation.  The  Anglesea  ore  is  poor,  yielding  only 
from  2  to  3  per  cent,  of  copper ;  a  portion  of  its  sulphur  is  collected  in  roasting  the  ore. 

The  copper-mines  of  these  islands,  now  so  important,  were  so  little  worked  until  a 
recent  period  that  in  1799  we  are  told  in  a  Beport  on  f^e  Cornish  mines,  *  it  was  itat, 
until  the  beginning  of  the  last  century  that  copper  was  discovered  in  Britain.'  This 
is  not  correct,  for  in  1250  a  copper-mine  was  worked  near  Keswick,  in  Cumberland. 
Edward  HI.  granted  an  indenture  to  John  Ballanter  and  Walter  Bolbolter,  for  work- 
ing all  *  mines  of  gold,  silver,  and  copper ; '  but  that  the  quantity  found  was  very 
small  is  proved  from  the  fact  that  Acts  of  Fariiament  were  passed  in  the  reigns  of 
Heniy  VHI.  and  Edward  VL  to  prevent  the  exportation  of  brass  and  copper,  *  lest 
there  should  not  be  metal  enough  left  in  the  kingdom,  fit  for  making  ^uns  and  other 
engines  of  war,  and  for  household  utensils : '  and  in  1665  the  calamine  works  were 
encouraged  by  the  Government,  as  <the  continuing  these  works  in  England  will 
occasion  plenty  of  rough  copper  to  be  brought  in.' 

At  the  end  of  the  seventeenth  century,  some  '  gentlemen  from  Bristol  made  it  their 
business  to  inspect  the  Cornish  mines,  and  bought  the  copper  ore  for  2^.  10«.  per  ton, 
and  scarce  ever  more  than  41,  a  ton.' 

In  1700,  one  Mr.  John  Costor  introduced  an  hydraulic  engine  into  Cornwall,  by 
which  he  succeeded  in  draining  the  mines,  and  *  he  taught  the  people  of  Cornwall  also 
a  better  way  of  assaying  and  dressing  the  ore.' 

The  value  and  importance  of  copper-mines  since  that  period  regularljr  increased, 
until  within  the  last  few  years.  There  has  been  of  late  a  steady  decline  in  the  pro- 
duce of  our  copper-mines,  and  a  falling  off  in  the  per-centage  of  metal  in  the  ore. 

Mechanical  Preparation  qf  the  Copper  Ores  in  ComwaU, — ^The  ore  receives  a  first 
sorting,  the  object  of  which  is  to  separate  all  the  pieces  larger  than  a  walnut ;  after 
which  the  whole  is  sorted  into  lots,  according  to  their  relative  richness.  The  fragments 
of  poor  ore  are  sometimes  pounded  in  stamps,  so  that  the  metallic  portions  may 
be  separated  by  washing. 

The  rich  ore  is  bro^n  into  small  bits,  either  with  a  flat  beater,  or  by  means  of  a 
crushing-mill.  The  ore  to  be  broken  by  the  buekina  iron  is  placed  upon  plates  of 
cast  iron ;  each  about  16  inches  square  and  1|  inch  thick.  These  plates  are  set 
towards  ^e  edge  of  a  small  mound  about  a  yard  high,  constructed  with  dry  stones 
rammed  with  earth.  The  upper  surface  of  this  mound  is  a  little  indined  fifom 
behind  forwards.  The  work  is  perfbrmed  by  women,  each  fiirmshed  with  a  buckii^- 
iron :  the  ore  is  placed  in  front  of  them  beyond  the  plates ;  they  break  it,  and 
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it  at  their  feet,  whence  it  ie  remoT64  and  disposed  of  as  may  be  subseqnently  re- 
quired. 

The  crushing-mill  has  of  late  years  been  brought  to  a  great  degree  of  perfection, 
and  is  almost  xmiyersally  made  use  of  for  pulyerising  certain  descriptions  of  ore.  For 
an  account  of  this  apparatus,  see  Gbdtdino  and  Crushino  Appabatus. 

Stamping-mills  are  less  frequently  employed  than  crushers  for  the  reduction  of 
copper  ores.  At  the  Deyon  Great  Consols  Mines,  the  concentration  of  the  crushed 
copper  ores  is  effected  in  the  following  manner : — From  the  crushing-mill  the  stuff 
is  4Sirried  by  a  stream  of  water  into  a  series  of  reyolving  separating  sieves,  where  it  is 
divided  into  fragments  of  ^th  inch,  -^th  inch,  and  ^th  inch  diameter,  besides  the 
coarser  )>articles  which  escape  at  the  lower  end  of  the  sieves.  The  slimes  flow  over 
a  small  water-wheel  called  a  teparator,  in  the  buckets  of  which  the  coarser  portions 
settle,  and  axe  fzom  thence  washed  out  by  means  of  jets  of  water  into  a  round  huddle, 
whilst  the  finer  particles  are  retained  in  suspension,  and  are  carried  off  into  a  series 
of  slime-pits,  where  they  are  allowed  to  settle. 

The  work  produced  by  the  round  huddle  is  of  three  sorts ;  that  nearest  the  circum- 
ference is  the  least  chai^ied  with  iron  pyrites,  or  any  other  heavy  material,  but  still 
contains  a  certain  portion  of  ore ;  this  is  again  huddled,  when  a  portion  of  its  tail  is 
thrown  away,  and  after  submitting  the  remainder  to  a  huddling  operation,  and  sopa* 
rating  the  waste,  it  is  jigged  in  a  &ie  sieve,  and  rendered  merchantable. 

The  other  portions  ofthe  first  huddle  are  rebuddled,  and  after  separating  the  waste, 
the  orey  mattars  are  introduced  into  sizing  cisterns,  &om  which  the  finer  particles  are 
made  to  flow  over  into  a  huddle,  from  whence  a  considerable  portion  goes  directly  to 
market.  That  which  requires  further  manipulation  is  again  huddled  until  thoroughly ' 
cleansed.  The  coarser  portions  of  the  stuff  introduced  into  the  sizing  cisterns  pass 
downward  with  a  current  of  water  into  the  tye,  and  after  repeated  projections  against 
the  stream,  the  orey  matter  is  sepaiated,  leaving  a  residue  of  mundic  in  a  nearly 
pure  state. 

The  stuff  filing  from  the  lower  extremities  of  the  separating  sieves  is  received, 
into  bins  and  subsequently  cleansed ;  each  of  the  three  sizes  is  jigged,  and  in  propor- 
tion as  the  worthless  matters  are  separated,  they  are  scraped  off  and  removed.  Those 
Sortions  of  the  stuff  that  require  further  treatment  are  taken  from  the  sieves,  washed 
own  from  behind  the  hut<mes,  and  treated  by  tyes,  until  all  the  valuable  portions 
have  been  extzacted. 

In  this  way  vein-stuff  that  originally  contained  but  \\  per  cent,  of  copper  is  so  con- 
centrated as  to  afiford  a  metallic  yield  of  10  per  cent.,  whust  by  means  of  sizing-sieves, 
dressing-wheels,  jigging-machines,  and  round-buddies,  &c,  from  40  to  50  tons  of  stuff 
are  elaborated  per  day  of  9  hours,  at  a  cost  of  12«.  per  ton  of  dressed  ore. 

Captain  Bichards,  the  agent  of  these  mines,  has  also  introduced  considerable  im- 
provements in  the  slime-dressing  department.  The  proper  sizing  of  slime  is  as  ne- 
cessary as  in  the  ease  of  rougher  work,  and  in  order  to  efifoct  this,  he  has  arranged  a 
slime-pit,  which  answers  this  purpose  exceedingly  well.  This  pit  has  the  form  of  an 
inverted  cone,  and  receives  the  sbmes  from  the  slime-separator,  in  an  equally-divided 
stream.  The  surface  of  this  apparatus  being  perfectly  level,  and  the  water  passing 
through  it  at  a  very  slow  rate,  all  the  valuable  matters  are  deposited  at  the  bottom. 
If  slime  be  valuable  in  the  mass,  it  can  evidently  be  more  economically  treated  by  a 
direct  subdivision  into  fine  and  coarser  work ;  since  a  stream  of  water,  acting  on 
a  mixture  of  this  kind,  will  necessarily  carry  off  an  undue  proportion  of  the  former  in 
freeing  the  latter  from  the  waste  with  which  it  is  contaminated. 

The  ordinary  slime-pit  is  of  a  rectangular  form,  with  vertical  sides,  and  flat 
bottom.  The  water  enters  it  at  one  of  the  ends  by  a  narrow  channel,  and  leaves  it  at 
the  other.  A  strong  central  current  is  thus  produced  through  the  pit,  which  not  only 
carries  with  it  a  portion  of  valuable  slime,  but  also  produces  ed<ues  and  creates  cur- 
rents towards  the  edges  of  the  pit,  and  thus  retains  matters  which  should  have  been 
rejected.  The  slime-pits  at  I)evon  Consols  are  connected  with  sets  of  Brunton's 
machines,  which  are  tnus  kept  regularly  supplied  by  means  of  a  launder  from  the 
apex  of  the  inverted  cone,  through  which  the  flow  is  regulated  by  means  of  a  plug- 
valve  and  screw. 

A  w^igon  cistern  is  placed  under  each  frame  for  receiving  the  work,  which  is 
removea  when  necessary,  and  placed  in  a  paddng-kieve.  l&s  is  pocked  by  ma- 
chinery, set  in  motion  by  a  small  water-wneeL  The  waste  resulting  from  this 
operation  is  either  entirely  rejected,  or  partially  reworked  on  Bnmton's  machines, 
whilst  the  orey  matters  contained  in  the  kieve  are  removed  by  a  waggon  to  the  ore- 
house  where  they  are  discharged. 

Cornwall  being  destitute  of  coal,  the  whole  of  the  copper  ore  which  it  produces  is 
9ent  for  smelUng  to  South  Wales. 

WeUh  Copper-SmeUmg :  Fumaoes^—The  fiimaces  employed  are  of  the  reverberatory 
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construction;  thej  vary  in  thoir  dimensions  and  in  the  number  of  their  openings 
according  to  the  operations  for  which  they  are  intended.  There  are  five  of  them : — 1. 
The  calcining  furnace,  or  caldner ;  2.  The  melting  fomace ;  8.  The  roasting  furaaoe, 
or  roaster;  4.  The  refining  furnace ;  6.  The  heating  or  igniting ftimace. 

1.  Tlie  Calcining  Furnace  rests  upon  a  vault,  c,  into  which  the  ore  is  raked  do>wn 
after  being  calcined ;  it  is  built  with  bricks,  and  bound  by  iron  bars,  as  shown  in 
the  elevation,  fig,  501.  The  hearth,  b  b,  figs,  502  and  503,  is  placed  upon  a  level  with 
the  lower  horizontal  binding  bar,  and  has  nearly  the  form  of  an  ellipse,  truncated  at 
the  two  extremities  of  its  greater  axis.  It  is  horizontal,  bedded  wita  fire-bricks  set 
on  edge,  so  that  it  may  be  removed  and  repaired  without  disturbing  the  arch  upon 
which  it  reposes.  Holes,  not  visible  in  the  figure,  are  left  in  the  sole  before  each 
door  c  c,  through  which  the  roasted  ore  is  let  f^l  into  the  subjacent  vault.  The  di- 
mensions of  the  heartii  b  b,  vary  from  17  to  19  feet  in  length,  and  from  14  to  16  in 
breadth.  The  fire-place  a,  fig,  503,  is  from  4)  to  5  feet  long  and  3  feet  wide.  The 
bridge  or  low  wall  6,  fig  604,  which  separates  the  fire-place  from  the  hearth,  is  2  feet 
thick,  and  in  Messrs.  Vivians'  smelting-works  is  hollow,  as  shown  in  the  figure,  and 
communicates  at  its  two  ends  with  the  atmosphere,  in  order  to  conduct  a  supply  of 
fresh  air  to  the  hearth  of  the  fhmace.  This  judicious  contrivance  will  be  described  in 
explaining  the  roasting  operation.  The  arched  roof  of  the  furnace  slopes  down  from 
the  bridge  to  the  beginning  of  the  chimney/,  figs.  501, 503,  its  height  above  the  hearth 
being  at  the  first  point  about  26  inches,  and  from  8  to  12  at  the  second* 


503 


504 


Such  calcining  furnaces  have  five  doors,  cccc^  fig.  503,  and  one  for  the  fire-place, 
as  shown  at  the  right  hand  in  fig.  501 ;  four  are  for  working  the  ore  upon  the  reverbera- 
tory  hearth.  These  openings  are  12  inches  square,  and  are  botmd  with  iron  finmes. 
The  chimney  is  about  22  feet  high,  and  is  placed  at  one  angle  of  the  hearth,  as  at/, 
fig,  503,  being  joined  by  an  inclined  fine  to  tne  furnace. 

For  diarging  it  with  ore,  two  hoppers  e  e,  are  usually  placed  above  the  upper  part 
of  the  vault,  in  a  line  with  the  doors ;  they  are  formed  of  four  plates  of  iron, 
supported  in  an  iron  frame.  Beneath  each  is  an  orifice  for  letting  the  ore  down  into 
the  nearth. 

These  furnaces  serve  for  calcining  the  ore  and  matts :  for  the  latter  purpose,  indeed, 
furnaces  of  two  stories  are  sometimes  employed,  as  represented  in  fig,  507.  The 
dimensions  of  each  fioor  in  this  case  are  a  little  less  than  the  preceding.  Two  doors, 
cc,fig,60lt  correspond  to  each  hearth,  and  the  workmen,  while  employed  at  the  upper 
story,  stand  upon  a  raised  moveable  platform. 

2.  Melting  Furnace^  figs,  505  and  506. — ^The  form  of  the  hearth  is,  in  this  case,  also 
elliptical,  but  the  dimensions  are  smaller  than  in  the  calcining  furnace.  The  length 
does  not  exceed  11  or  1 1^  feet,  and  the  breadth  varies  from  7  to  8.  The  fire-place  is, 
however,  larger  in  proportion,  its  length  being  fh>m  3^  to  4  feet,  aiid  its  breadth  from 
3  to  3^ ;  this  size  being  requisite  to  produce  the  high  temperature  of  the  furnace.  It 
has  fewer  openings,  there  being  commonly  three ;  one  to  the  fire-place  at  n,  a  second 
one,  o,  in  the  side,  kept  generally  shut,  and  used  only  when  incrustations  need  to  be 
scraped  off  the  hearth,  or  when  the  fornace  is  to  be  entered  for  repairs ;  and  the  third 
or  working  door,  o,  placed  on  the  front  of  the  furnace  beneath  the  chimney.  Througli 
it,  the  scoriae  are  raked  out,  and  the  melted  matters  stirred  and  puddled,  &c. 

The  hearth  is  bedded  with  infusible  sand,  and  slopes  slightly  towards  the  side  door, 
to  facilitate  the  discharge  of  the  metal.  Above  this  door  is  a  hole  in  the  wall  of  the 
chimney  {fig.  506)  for  letting  the  metal  escape.  An  iron  gutter,  o,  leads  it  into  a  pit» 
K,  bottomod  with  an  iron  receiving-pot,  which  may  be  lift^  out  by  a  crane.  The  pi^ 
M,  is  filled  with  water,  and  the  metal  becomes  granulated  as  it  falls  into  the  ] 
These  melting  furnaces  are  surmounted  by  a  hopper  l,  as  shown  ^.  605. 
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Melting  tonaces  are  sometunes  also  used  for  caldnation.  Some  of  thoee  near 
Swansea  serve  this  double  purpose ;  thej  are  composed  of  8  floors  {Jig,  507).  The 
floor  ▲,  is  destined  for  meldng  the  calcined  ore;  the 
other  two,  b,  c,  serve  for  calcination.  The  heat  being 
less  powerM  upon  the  upper  sole  c,  the  ore  gets  dried 
upon  it,  and  begins  to  be  calcined :  a  process  completed 
on  the  next  floor.  Square  holes,  dy  left  in  the  heaths  b 
and  c,  put  them  in  communication  with  each  other,  and 
with  the  lower  one  a  ;  these  perforations  are  shut  during 
the  operation  bj  a  sheet  of  iron,  removable  at  pleasure. 

The  hearths  b  and  c,  are  made  of  bricks ;  these  are 
horizontal  at  the  top  and  slightly  Taulted  beneath ;  they 
are  two  bricks  thicic,  and  their  dimensions  larger  than 
those  of  the  inferior  hearth,  as  they  extend  ab:>T0  the 
flre-place.  On  the  floors  destined  for  calcination  the 
furnace  has  two  doors  on  one  of  its  sides :  on  the  lower 
stoxy  there  are  also  two ;  but  they  are  differently  placed. 
The  flrst,  being  in  the  ftont  of  the  furnace,  serves  for 
drawing  off  the  Boorise,  for  working  the  metal,  &;c  ;  and 
the  second,  upon  the  side,  admits  the  workmen  to  make 
necessary  repairs.  Below  this  door  is  placed  the  cUs- 
charge  or  tap-hole,  which  communicates  by  a  cast-iron 
gutter  with  a  pit  fllled  with  water.  The  dimensions  of 
this  ftimace  in  length  and  breadth  are  nearly  the  same 
as  those  of  the  melting  foroace  above  desoribed;  the 
total  height  is  neariy  12  feet  It  is  charged  by  means 
of  either  one  or  two  hoppers. 

3.  Boasting  Furnace, — ^The  fumacee  employed  for  this 
purpose  are  in  general  similar  to  the  eeddners;  but  in  the 
smelting-works  of  Messrs.  ViTian,  the  furnaces  above 
alluded  to  present  a  peculiar  construction;  this  is  for 
the  purpose  of  introducing  a  continuous  current  of  air 
upon  the  metal,  in  order  to  &cilitate  its  oxidation.  This  process  was  originally  in- 
yented  b^  Mr.  Sheffield,  who  disposed  of  his  patent  ri^t  to  Messrs.  Vivian. 

The  air  is  admitted  by  a  channel  through  the  middle  of  the  fire-bridge,  which 
extends  all  its  length;  it  communicates  witii  the  atmoc^ere  at  its  two  extremities, 
whilst  square  holes,  left  at  right  angles  to  this  channel,  conduct  the  air  into  the 
furnace.  This  yery  simple  construction  produces  a  powerM  effect  in  the  roasting. 
It  not  onl^  promotes  the  oxidation  of  the  metals,  but  bums  the  smoke,  and  assists  in 
the  vaporisation  of  the  sulphur ;  while  by  keeping  the  bridge  cool  it  preserves  it  fix)m 
wasting,  and  secures  uniformi^  of  temperature  to  the  hearw. 

4.  Boning  Furnace, — ^In  tlus,  as  in  the  melting  fhmace,  the  side  slopes  towards 
the  front  door  instead  of  the  side  doors,  because  in  the  refining  furnace  the  copper 
collects  in  a  cavity  formed  in  the  hearth  near  the  front  door,  from  which  it  is  lifted 
out  by  ladles ;  whereas,  in  the  melting  fhmaces,  the  metal  is  run  out  by  a  tap-hole 
in  the  side.  ^  The  sole  is  laid  with  sand ;  but  the  roof  is  higher  than  in  the  melting 
fomace,  being  from  32  to  86  inches  in  height  If  the  top  arch  were  too  much 
depressed,  th^  might  be  produced  upon  the  surface  of  the  metol  a  layer  of  oxide  very 
prejudicial  to  the  quality  of  the  copper.  In  that  case,  when  the  metal  is  run  out,  its 
suiikoe  solidifies  and  cracks,  while  the  melted  copper  beneath  breaks  through  and 
spreads  irregularlv  over  the  cake.  This  accident,  called  the  rising  of  the  copper^  pre- 
vents it  from  being  laminated,  and  requires  it  to  be  exposed  to  a  fresh  refining 
process,  when  lead  must  be  added  to  remove  the  oxide  of  copper.  This  is  the  only 
occasion  upon  which  the  addition  <^  lead  is  proper  in  refining  copper.  When  the  metal 
to  be  refined  is  mixed  with  others,  particularly  with  tin,  as  in  extracting  copper  from 
old  bells,  then  very  wide  ftimaces  must  be  employed,  to  expose  the  metallic  bath  on 
a  great  surf&ce,  and  in  a  thin  stratum,  to  the  oxi^ng  action  of  the  air. 

The  door,  on  the  side  of  the  refining  furnace,  is  very  large,  and  shuts  with  a  framed 
brick  door,  balanced  by  a  counter-weight 

6,  Heating  Fumaees^  being  destin^  to  heat  the  pigs  or  bars  of  coppeor  to  be  lami- 
nated, as  well  as  the  copper  sheets  themselves,  are  made  much  longer  in  proportion 
to  their  breadth.  Their  hearth  is  horizontal,  the  vault  not  much  depressed ;  they 
have  only  one  door,  placed  upon  the  side,  but  which  extends  nearly  the  whole  length 
of  the  furnace;  this  door  may  be  raised  by  means  of  a  counter-weight,  in  the  same 
way  as  in  the  fbmaces  for  the  fiibrication  of  sheet-iron  and  brass. 

Series  of  Operations  to  which  (he  Ore  is  subjected, — ^The  ores  which  are  smelted  in  the 
Swansea  works  are  chiefly  copper  pyrites,  more  or  less  mingled  mthgangue  (vein-stone). 
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This  pyrites  is  composed  of  nearly  equal  pEopordoiui  of  sulphide  of  copper  and  sulphide 
Of  iron.  Richer  ores,  consisting  of  oxides  and  carbonates  of  copper,  ice,  are  also 
worked  in, 

The  earthy  matters  which  accompany  the  pyrites  are  usually  siliceous,  though  in 
some  mines  Uie  mineral  is  mixed  with  either  day  or  fluor-spar.  Along  with  these  sub- 
stances, tin  ore  and  arsenical  p3rrite8  occasionally  occur  wiu  the  copper ;  and  though 
these  two  minerals  are  not  chemically  combined,  yet  they  cannot  be  entirely  separated 
by  mechanical  preparation.  The  constituent  parts  of  the  ore  prepared  for  smelting  are, 
therefore,  copper,  iron,  and  sulphur,  with  eurthy  matters,  and,  in  some  cases,  tin  and 
arsenic  The  different  ores  are  mixed  in  such  proportions  that  the  average  metallic 
contents  may  amount  to  8  per  cent.  The  smelting  process  consists  in  alternate 
roastings  and  fusions. 

In  the  roasting  operation  the  volatile  substances  are  mostly  disengaged  in  the 
gaseous  state,  while  the  metals  that  possess  a  strong  affinity  for  oxygen  become 
oxidised.  In  the  fusion  the  earthy  substances  combine  with  these  oxides,  and  form 
glassy  scoriae  or  slags,  which  float  upon  the  surfiioe  of  the  melted  metaL 

The  calcinations  and  fusions  take  place  in  the  following  order : — 

1.  Calcination  of  the  ore.  2.  Fusion  of  the  calcined  ore.  8.  Calcination  of  coarse- 
metal.  4.  Melting  the  calcined  coarse-metal.  6.  Calcination  of  fine-metal  (second 
matt).  6.  Melting  calcined  fine-metal.  7.  Boasting  obarse-copper.  In  some  smelting- 
works,  this  roasting  is  repeated  four  times ;  in  which  case  a  calcination  and  a  melting 
are  omitted.  In  other  works,  however,  a  saviiu^  is  made  without  increasing  the 
number  of  roastings.    8.  Beflning  or  tooghening.the  copper. 

Besides  these  operations  which  constitute  the  treatment  of  copper  properly  speaking^ 
two  others  are  sometimes  performed,  in  which  only  the  ecotis  are  smelted.  These 
may  be  designated  by  the  letters  a  and  b:  ii.is^e  je-melting  of  a  portion  of  the 
soorise  of  the  second  process,  which  contain  some  metaUic  granulations ;  6  is  a  par- 
ticular melting  of  the  scoria  of  the  fourth  operation.  Tins  fusion  is  intended  to 
concentrate  the  particles  of  copper  in  the  sooris,  and  is  not  practised  in  all  smelilng- 
works. 

First  Operation  :  CkUcination  of  the  ore, — ^The  difierent  ores  on  arriving  from  Corn- 
wall and  other  localities  where  they  are  mined,  are  discharged  in  continuous  cargoes 
at  the  smelting  works,  in  such  a  way,  that  by  taking  out  a  portion  from  several  hea^fi 
at  a  time,  a  tolerably  uniform  mixture  is  obtained;  which  is  very  essential,  sinoe 
the  ores,  being  diluent  in  quality  and  contents,  act  as  fluxes  for  each  other. 
The  mixed  ore  is  transported  to  the  works  in  wooden  measures  each  holding  a  hun- 
dred-weight The  workmen  entrusted  with  the  calcination  convey  the  ore  into  the 
hoppers  of  the  calcining  furnace,  whence  it  falls  into  the  hearth;  other  workmen 
spr«Etd  it  uniformly  on  the  surffice  with  iron  rakes.  The  charge  of  a  furnace  is  frcnn 
8  tons  to  84  tons.  Fire  is  applied  and  gradually  increased,  till  towards  the  end  of  the 
operation,  Uie  temperature  is  as  high  as  the  ore  can  support  without  melting  or  agglu- 
tinating. To  prevent  this  running  together,  and  to  aid  the  extrication  of  the  sulphur, 
the  sur&ces  are  renewed,  by  stirring  up  the  ore  at  the  end  of  every  hour.  The  calcin- 
ation is  usually  completed  at  the  end  of  12  hours,  when  the  ore  is  raked  into  the  ^^ 
under  the  sole  of  the  fiimace,  and  when  cold  enough  to  be  moved,  is  taken  oat  of  the 
arch,  and  conveyed  to  the  calcined  heap. 

The  ore  in  this  process  scarcely  changes  wei^t,  having  gained  by  oxidation  nearly 
as  much  as  it  has  lost  in  sulphur  and  arsenic ;  and  if  the  roasting  has  been  rightly 
managed,  the  ore  is  in  a  black  powder,  owing  to  the  oxides  present 

The  utilisation  of  the  sulphurous  vapours  evolved  during  calcination  is  explained, 
p.  928. 

Second  Operation:  Fueion  <^  the  oaleined  ore, — The  calcined  ore  is  likewise  given 
to  the  smelters  in  measures  containing  a  hundred-wei^t  They  throw  it  into  hoi^[>eTs, 
and,  after  it  has  fallen  on  the  hearth,  spread  it  uniformly.  They  then  let  down  the 
door,  and  lute  it  tightly.  In  this  fusion  there  are  added  about  2  cwt  of  sooris  ('  metal 
dag  *)  proceeding  from  the  melting  of  the  calcined  matt,  to  be  afterwards  deeisribed. 
The  object  of  this  addition  is  not  only  to  extract  the  copper  that  these  sooris  may  con- 
tain, but  also  to  increase  the  fusibility  of  the  mixture.  Sometimes,  when  the  composi- 
tion of  the  ore  requires  it,  lime,  sand,  or  fluor-spar  is  added,  more  particularly  the  l^ter. 

The  furnace  being  chugged,  fire  is  appHed,  and  the  sole  care  of  the  founder  is  to  keep 
up  the  heat  so  as  to  have  a  perfect  fusion ;  the  workman  then  opens  the  door,  and  stirs 
about  the  liquid  mass  to  complete  the  separation  of  the  *  metal'  6«gulus,  or  matt) 
^m  the  scorisB,  as  well  as  to  hinder  the  melted  matter  &om  sticking  to  the  sole. 
The  ftimace  being  ready,  that  is,  the  fusion  being  perfect,  the  founder  takes  out  the 
soorisB  by  the  front  door,  by  means  of  a  rake.  When  the  mass  is  thus  freed  fVom  the 
scoriae,  a  second  charge  of  calcined  ore  is  introduced  to  increase  the  metallic  bath ; 
^ch  second  f^on  is  ezocuted  like  the  first    New  charges  of  roasted  ore  are  pot 
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in  till  the  matt  collected  on  the  hearth  rises  to  a  level  with  the  door-way,  which  hap- 
pens commonly  after  the  third  charge.  The  tap-hole  is  now  opened,  and  the  matt 
flows  out  into  a  pit  fllled  with  water,  where  it  is  granulated  and  collects  in  the  pan 
placed  at  the  bottom.  The  granulated  matt  is  next  conveyed  into  the  matt  warehouse. 
The  oxidation  with  which  £e  grains  getcovered  by  the  action  of  water  does  not  allow 
the  proper  shade  of  the  matt  or  coarse-metal  to  be  distinguished;  but  in  the  bits  which 
stick  in  the  gutter  it  is  seen  to  be  of  a  steel-grey  colour.  Its  fiacture  is  compact,  and 
its  lustre  metallic.  The  scorise,  known  as  ore-fumaee  staff,  often  contain  metallic 
grains  ;  they  are  broken  and  picked  with  care.  All  the  portions  which  include  metallic 
particles  are  re-melted  in  an  accessory  process. 

In  this  operation  the  copper  is  concentrated  by  the  separation  of  a  great  part  of  the 
matters  with  which  it  was  combined.  The  granulated  matt  produced  contains  in 
general  33  per  cent,  of  copper ;  it  is  therefore  four  times  richer  than  the  ore ;  and  its 
mass  is  consequently  diminished. in  that  proportion.  Its  constituents  are  principally 
copper,  iron,  and  sulphur.    It  is  termed  coarse-riMtal. 

^Hie  most  important  point  in  the  fusion  just  described,  is  to  make  a  fusible  mixture 
of  the  euths  and  oxides,  so  that  the  matt  of  copper  may,  on  account  of  its  greater 
specific  gravity,  sink  below  and  se^»rate  exactly  from  the  slag.  This  is  attained  by 
means  of  metallic  oxides  contained  in  the  scorise  of  the  fourth  operation,  of  which  2  cwt. 
were  added  to  the  charge.  These  consist  almost  entirely  of  oxide  of  iron.  When  the 
ores  are  very  difficult  to  melt,  about  half  a  hundred-weight  of  fiuor-spar  is  added ;  but 
this  must  be  done  with  precaution,  for  fear  of  too  much  increasing  the  scorise. 

l^e  work  proceeds  day  and  night.  Five  charges  are  commonly  put  through  in  the 
course  of  24  nours ;  but  when  all  circumstances  are  favourable,  that  is  to  say,  when 
the  ore  is  Visible,  when  the  fuel  is  of  the  first  quality,  and  the  furnace  in  good  condition, 
even  six  charges  a  day  have  been  despatched. 

The  charge  is  a  ton  and  a  half  of  calcined  ore,  so  that  a  smelting  furnace  nearly 
corresponds  to  a  calcining  furnace ;  the  latter  turning  out  7  tons  of  calcined  ore  in  24 
hours.    The  workmen  are  paid  by  the  ton. 

Third  Operation :  Calcination  of  coarse-metaL — l%e  object  of  this  operation  is 
principally  to  oxidise  the  iron,  which  is  more  easily  accomplished  than  in  the  first 
calcimng,  because  the  metal  is  now  disengaged  from  the  earthy  substances,  which 
.  screenea  it  from  the  action  of  the  air. 

This  calcination  is  executed  in  the  furnace  already  represented  in  Jigs.  505,  506, 507, 
page  915,  exactly  in  the  same  way  as  the  ore  was  calcined.  The  metal  must  be  per- 
petually stirred,  to  expose  all  its  surfaces  to  the  action  of  the  hot  air,  and  to  hinder 
clotting  together.  The  operation  lasts  24  hours ;  during  the  first  six,  the  fire  should  bo 
very  moderate,  and  gradually  increased  to  the  end  of  uie  calcination.  l%e  charge  is, 
like  that  of  the  first,  3j  tons. 

JFburth  Operation:  Melting  the  calcined  coarse-metal, — ^In  the  ftision  of  this 
first  calcinea  matt,  some  sconse  of  the  latter  operations  must  be  added,  which  are 
very  rich  in  oxide  of  copper,  and  some  crusts  from  the  hearth,  which  are  likewise 
impregnated  with  it.  Addition  may  also  be  made  of  richer  crude  ores,  such  as  oxides 
and  carbonates.  The  proportion  of  these  substances  varies  according  to  the  quality 
of  the  calcined  matt. 

In  this  second  fiision,  the  oxide  of  copper  contained  in  the  scoris  is  reduced  by  the 
affinity  of  t&e  sulphur,  one  portion  of  which  passes  to  the  state  of  sulphurous  acid, 
while  the  other  forms  a  subsulphide  with  the  free  copper.  The  matt  commonly 
contains  a  sufficient  quantity  of  sulphur  to  reduce  the  oxide  of  copper  completely ; 
but  if  not,  which  may  happen  if  the  calcination  of  the  matt  has  been  pushed  too  far, 
a  small  quantity  of  uncalcmed  matt  must  be  introduced,  which,  by  furnishing  sulphur, 
diminishes  the  richness  of  the  scoriae,  and  facilitates  the  fusion. 

The  scorise  are  taken  out  by  the  front  door  by  means  of  a  rake.  They  have  a  great 
specific  gravity ;  are  brilliant  with  a  metallic  lustre,  very  cijrstalline,  and  present,  in 
the  cavities,  crystals  like  those  of  pyroxene ;  they  break  easily  into  very  sharp-edged 
fragments,  and  contain  no  granulated  metal  in  the  interior;  but  it  sometimes  occurs, 
on  account  of  the  small  thickness  of  the  stratum  of  scoriae,  that  these  cany  off  with 
them,  when  withdrawn,  some  metallic  particles. 

These  scoriae,  as  we  have  already  stated  (imder  Fusion  of  the  roasted  Ore),  are  in 
general  melted  with  it.    In  some  cases,  however,  a  special  melting  is  assigned  to  them. 

The  matt  obtained  in  this  second  fusion  is  either  run  out  into  water  like  the  first,  or 
moulded  into  pigs  (ingots),  according  to  the  mode  of  treatment  which  it  is  to  undergo. 
This  matt,  term^  by  the  smelteTS  fine-metal  when  it  is  granulated,  and  blue-metal  when 
it  is  in  pigs,  is  of  a  light  grey  colour,  compact,  and  bluish  at  Uie  surface,  and  contains 
about  60  "per  cent  of  copper. 

(A.)  Particular  Fusion  of  the  Scoria  of  the  fourth  Operation, — In  re-melting  these 
scoriae,  the  object  is  to  procure  the  copper  which  they  contain.    To  eflfoct  this  f^cm, 
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the  scoria  are  mixed  -with  pidveriBed  coal,  or  other  carbonaceous  matters.  The  copper 
and  several  other  metals  are  deoxidised,  and  famish  a  white  and  brittle  alloy.  The 
scoris  resulting  £rom  this  melting  are  in  part  employed  in  the  first  melting,  and  in 
part  thrown  away.  They  are  crystalline,  and  often  present  ciystals  in  the  cavities, 
which  appear  to  be  those  of  bisilicate  of  iron.  They  have  a  metallic  Instre,  and  break 
into  very  sharp-edged  fragments.  The  white  metal  is  melted  again,  and  then  added 
to  the  ruroduct  of  the  second  fusion. 

Fifth  Operation  :  CdcmatUm  qfthe  second  Matt,  or  fine-fnetal, — ^This  is  execatedin 
precisely  tne  same  way  as  that  of  the  first  matt.  It  la>sts  24  honrs;  and  the  charge  is 
usually  3  tons. 

Sixth  Operation :  Melting  of  the  calcined  fine-9netal. — This  ftision  is  conducted  like 
that  of  the  first  matt.  The  black,  or  coarse  copper,  which  it  produces,  contains  from 
70  to  80  per  cent,  of  pure  metal ;  it  is  run  into  ingots,  in  order  to  undergo  the  opera- 
tion of  roasting. 

The  scoriae  are  rich  in  copper ;  they  are  added  to  the  f^ion  of  the  calcined  coarse- 
metal  of  the  fourth  operation. 

In  many  smelting-nouses,  the  fifth  and  sixth  operations  have  of  late  years  been 
omitted.  The  second  matt  is  run  into  pigs,  under  the  name  of  blue-metal,  to  be  imme- 
diately exposed  to  roasting. 

The  dinxMition  of  the  canal  c  c,fig,  501,  which  introduces  a  continuous  current  of 
air  to  the  hearth  of  the  furnace,  accelerates  and  facilitates  the  calcination  of  the  matt; 
an  advantage  which  has  simplified  the  treatment,  by  HiminiaMng  the  number  of  cal- 
cinations. 

Seventh  Operation :  Boasting  the  coaree-cofpert  the  product  qf  the  sixth  Operation, 
— ^The  chief  object  of  this  operation  is  oxidation ;  it  is  performed  either  in  an  ordinary 
roasting  furnace,  or  in  one  similar  to^S^r.  607,  which  admits  a  constant  current  o£ 
air.  ^e  pigs  of  metal  derived  firbm  the  peceding  melting  are  exposed,  on  the  hearth 
of  the  furnace,  to  the  action  of  the  air  ,whioh  oxidises  the  iron  and  other  foreign  metals 
with  which  the  copper  is  still  contaminated.  The  duration  of  the  roasting  varies  from 
1 2  to  24  hours,  according  to  the  degree  of  purity  of  the  crude  copper.  The  temperature 
should  be  graduated  in  order  that  the  oxioation  may  be  complete,  and  that  the  volatile 
substances  which  the  copper  still  retains  may  escape  in  the  gaseous  form.  The  fusioQ 
must  take  place  only  towards  the  end  of  the  operation. 

The  charge  varies  from  a  ton  and  a  quarter  to  a  ton  and  a  half.  The  metal 
obtained  is  run  out  into  moulds  of  sand.  It  is  covered  with  black  blisters,  like  ce- 
mentation steel ;  whence  it  has  got  the  name  of  blistered  copper.  In  the  interior  of 
these  pigs  the  copper  presents  a  porous  texture,  occasioned  lyjr  the  ebullition  produced 
by  the  escape  of  gases  during  the  moulding.  The  copper  beiuff  now  almost  entirely 
freed  from  sulphur,  iron,  and  the  other  substances  with  whi(£  it  was  combined^  is 
in  a  fit  state  to  be  refined.  This  operation  afifords  soorise,  which  are  very  heavy,  and 
contain  a  great  deal  of  oxide  of  copper,  and  sometimes  even  metallic  copper.  They 
are  known  as  roaster 'Slag, 

These  scorise,  as  well  as  those  of  the  third  melting  and  the  refining,  are  added  to 
the  second  fusion,  as  we  have  already  stated,  in  describing  the  fourth  operation. 

In  some  works,  the  roasting  is  several  times  repeated  upon  the  btue^meialt  in  order 
to  bring  it  to  a  state  fit  for  refining. 

Eighth  Operation:  B^ing  or  Toughening. — ^The  pigs  of  copper  intended  for 
refining  are  placed  on  the  sole  of  the  refining  furnace  tluough  the  door  in  the  side. 
A  slight  heat  is  first  given,  to  finish  the  roasting  or  oxidation,  in  case  this  operation 
has  not  already  been  pushed  sufficiently  fiir.  The  fire  is  to  be  increased  by  slow 
degrees,  so  that,  by  the  end  of  six  hours,  the  copper  may  begin  to  flow.  When  all 
the  metal  is  melted,  and  the  heat  is  vezy  considerable,  the  workman  lifts  the  door 
in  the  front,  and  withdraws  with  a  rake  uie  few  scorise  which  may  cover  the  cc^per- 
bath.   These  are  red,  lamellated,  ver^  heavy,  and  closely  resemble  protoxide  of  copper. 

The  refiner  then  takes  an  assay  with  a  small  ladle,  and  when  it  cools,  breaks  it  in 
a  vice,  to  ascertain  the  state  of  the  copper.  From  the  ap^rance  of  the  assay,  the 
aspect  of  the  bath,  the  state  of  the  fire,  &c,  he  judges  if  he  may  proceed  to  the 
toughening,  and  what  quantity  of  wooden  spars  and  wood-charcoal  he  must  add  to 
render  the  metal  malleable,  or,  in  the  lai^guage  of  the  smelters,  bring  it  to  the 
proper  pitch.  When  the  operation  of  refining  begins,  the  copper  is  dry  or  brittle, 
and  of  a  deep  red  colour  approaching  to  purple.  Its  grain  is  coarse,  open,  and  some- 
what crystalline. 

To  execute  the  refining,  the  sur&ce  of  the  metal  is  covered  with  wood-charcoal,  and 
stirred  with  a  spar  or  rod  of  birch  or  other  wood.  The  gases  which  escape  fmoL  the 
wood  occasion  a  brisk  effervescence.  More  wood-charcoal  is  from  tune  to  time 
added,  so  that  the  surfoce  of  the  metal  may  be  always  covered  with  it,  and  the  stir- 
ring is  continued  until  the  operation  of  refining  is  finished ;  a  circumstance  indicated 
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by  aMays  taken  in  succession.  The  grain  of  the  co^tper  becomes  finer  by  degrees, 
and  its  colour  gradually  brightens.  When  the  grain  is  extremely  fine,  or  dosef 
when  the  trial-pieces,  half  cut  through  and  then  broken,  present  a  silky  fracture, 
and  the  copper  is  of  a  fine  light  red,  Uie  refiner  considers  tne  operation  to  be  com- 
pleted; but  he  verifies  still  fi^ther  the  purity  of  the  copper,  by  trying  its  malleability, 
for  this  purpose,  he  takes  out  a  sample  in  a  small  lame,  and  pours  it  into  a  mould. 
When  the  copper  is  solidified,  but  still  red-hot,  he  forges  it.  If  it  is  soft  under  the 
hammer,  and  does  not  crack  on  the  edges,  the  refiner  is  satisfied  with  its  ductility, 
and  pronoimces  it  to  be  in  its  proper  state.  He  then  orders  the  workmen  to  mould 
it :  tney  lift  the  copper  out  of  the  furnace  in  large  iron  ladles  lined  with  day,  and 
pour  it  into  moulds  of  a  size  suitable  to  the  demands  of  commerce.  The  ordinary 
dimensions  of  the  ingots  or  pigs  are  12  inches  broad,  18  long,  and  from  2  to  2^  thick. 

The  period  of  the  refining  process  is  20  hours.  In  the  first  six,  the  metal  heats 
and  suffers  a  kind  of  roasting ;  at  the  end  of  this  time  it  melts.  It  takes  four  hours 
to  reach  the  point  at  which  the  refining,  properly  speaking,  begins;  and  this  last  part 
of  the  process  lasts  about  four  hours.  Finally,  six  hours  are  required  to  arrange  the 
moulds,  cast  the  ingots,  and  allow  the  furnace  to  cool. 

The  charge  of  copper  in  the  refining  process  depends  upon  the  dimensions  of  the 
furnace.    In  different  works  the  charge  varies  from  3  to  5  tons. 

When  the  copper  offers  difficulties  in  refining,  a  few  pounds  of  lead  are  added  to 
it.  This  metal,  Dy  the  facility  with  which  it  scorifies,  acts  as  a  purifier,  aiding  the 
oxidation  of  the  iron  and  other  metals  that  may  be  present.  The  lead  ought  to  be 
added  immediately  after  removing  the  door  to  sxim  the  sur&ce.  The  copper  should 
be  constantly  stirred  to  expose  the  greatest  possible  surface  to  the  action  of  the  air, 
and  to  proauce  the  complete  .oxidation  of  the  lead ;  since  the  smallest  quantity  of 
this  metal  in  copper  causes  a  difficulty  in  the  lamination ;  i  e.,  the  scale  of  oxide 
does  not  come  clean  firom  the  sur&ce  of  the  sheets. 

The  operation  of  refining  copper  is  delicate,  and  requires,  upon  the  port  of  the 
workmen,  great  skill  and  attention  to  give  the  metal  its  pro|>er  ductility.  Its  surface 
ought  to  be  entirely  covered  with  wood-charcoal ;  without  this  precaution,  the  refining 
of  the  metal  would  go  hack^  as  the  workmen  say,  during  the  long  interval  which 
elapses  in  moulding ;  whenever  this  accident  happens,  it  must  be  stirred  anew  with 
the  wooden  pole. 

Too  long  employment  of  the  pole  causes  the  copper  to  become  more  brittle  than  it 
was  prior  to  the  commencement  of  the  refining ;  that  is,  when  it  was  dry.  Its  colour 
is  now  of  a  very  brilliant  yellowish  red,  and  its  fracture  fibrous.  When  this  occurs, 
the  refining,  as  the  workmen  say,  has  gone  ioofar^  and  the  refiner  removes  the  char- 
coal from  the  top  of  the  melted  metal ;  he  opens  the  side  door,  to  expose  the  copper 
to  the  action  of  the  air,  and  it  then  resumes  its  malleable  condition. 

The  theory  of  refining  may  be  thus  explained : — ^We  may  conclude  that  the  copper 
in  the  dry  state  before  refining,  is  combined  with  a  small  portion  of  oinrgen,  or,  in 
other  wt»ds,  that  a  small  portion  of  sub-oxide  of  copper  is  diffused  through  the  mass, 
combined  with  it ;  and  that  this  proportion  of  oxygen  is  expelled  bv  the  deoxidising 
action  of  the  wood  and  charcoal,  wnereby  the  metal  becomes  malleable.  2.  That 
when  the  refining  process  is  carried  too  fitr,  the  copper  gets  combined  with  a  little 
carbon.  Thus  copper,  like  iron,  is  brittle  when  combined  with  oxygen  or  carbon ; 
and  becomes  malleable  only  when  fireed  endrely  from  these  substances. 

It  is  remarkable,  that  copper,  in  the  dry  state^  has  a  strong  action  upon  iron ;  and 
that  Uie  tools  employed  in  stirring  the  liquid  metal  become  glistening,  like  those 
used  in  a  ferrier's  forge.  The  iron  of  the  tools  consumes  more  rapidly  at  this 
time  than  when  the  copper  has  acquired  its  malleable  state.  The  metal  requires 
also,  when  dru^  more  time  to  become  solid,  or  cool,  than  when  it  is  refined ;  a  circum- 
stance depencunff,  probably,  upon  the  difference  in  fusibility  of  the  copper  in  the  two 
states,  and  whi(m  seems  to  inoicate  the  presence  of  oxygen. 

When  the  proper  refining  point  has  been  passed,  another  very  remarkable  circum- 
stance has  been  observed ;  namely,  that  the  surfsLce  of  the  copper  oxidises  less  easily, 
and  that  it  is  uncommonly  brilliant,  reflecting  dearlv  the  bncks  of  the  furnace  vault 
This  &ct  is  &vourable  to  the  idea  suggested  above,  tnat  the  metal  is  in  that  case  com- 
bined with  a  small  quantity  of  carbon ;  which  absorbs  the  oxygen  of  the  air,  and 
thus  protects  the  metal  from  its  action. 

Copper  is  brought  into  the  market  in  different  forms,  according  to  the  purposes 
which  it  is  to  serve.  That  which  is  to  be  employed  in  the  manuf^ure  of  brass  is 
ffranulated.  In  this  condition  it  presents  more  sur&ce  to  the  action  of  zinc,  and  com- 
bines with  it  more  reiulily.  To  produce  this  granulation,  the  metal  is  poured  into  a 
large  ladle,  pierced  with  holes  and  placed  above  a  cistern  filled  with  water,  which 
must  be  hot  or  cold,  according  to  the  form  of  the  grains  required.  When  it  is  hot 
round  grains  are  obtained  analogous  to  lead  shot ;  and  the  copper  in  this  state  is  called 
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bean  shot  'When  the  melted  copper  &ll8  into  cold  water  peipetnallY  renewed,  the 
granulations  are  irregular,  thin,  and  ramified ;  constituting  feathered,  shot.  The  beam 
shot  is  the  form  employed  in  brass  making. 

Copper  is  also  made  into  small  ingots,  about  six  ounces  in  weight.  These  are  in- 
tended for  exportation  to  the  East  Indies,  and  are  known  in  commerce  bj  the  name 
of  Japan  copper.  Whenever  these  little  pieces  are  solidified,  they  are  thrown,  while 
hot,  into  cold  water.  This  immersion  sbghtlj  oxidises  the  surface  of  the  copper,  and 
gives  it  a  fine  red  colour. 

Lastly,  copper  is  often  reduced  into  sheets,  for  the  sheathing  of  ships,  and  many 
other  purposes. 

The  cyunders  for  rolling  copper  into  sheets  are  usually  3  feet  long  and  15  inches 
in  diameter.  They  are  uniform.  The  upper  roller  may  be  approached  to  the  under 
one  by  a  screw,  so  that  the  cylinders  are  brought  closer  in  proportion  as  the  sheet  is 
made  thinner. 

The  ingots  of  copper  are  laid  upon  the  sole  of  a  reverberatory  furnace  to  be  heated ; 
they  are  placed  alongside  each  other,  and  are  formed  into  piles  in  a  cross-like  arrange- 
ment, so  that  the  hot  air  may  pass  freely  round  them  all.  The  door  of  the  f^imace  is 
shut,  and  the  workman  looks  in  through  a  peep-hole  from  time  to  time,  to  see  if  they 
have  taken  the  requisite  temperature ;  namely,  a  dull  red.  The  copper  is  now  passed 
between  the  cylinders ;  but  although  this  metal  is  very  malleable,  the  ingots  cannot 
be  reduced  to  sheets  without  being  several  times  heated ;  because  the  copper  cools, 
and  acquires,  by  compression,  a  texture  which  stops  the  further  progress  of  lami- 
nation.   See  Annealing. 

These  successive  heatings  are  given  in  the  furnace  above  indicated ;  though,  when 
the  sheets  are  to  have  a  very  great  sise,  furnaces  somewhat  different  are  had  recourse 
to.     They  are  from  12  to  16  feet  long  and  5  feet  wide.    See  Bsass. 

The  coijper,  by  successive  heating  and  lamination,  gets  covered  with  a  coating  of 
oxide,  which  is  removed  by  steeping  the  sheets  for  a  few  days  in  a  pit  filled  with 
urine ;  they  are  then  put  upon  the  sole  of  the  heating  furnace.  Ammonia  is  formed, 
which  acts  on  the  cojpper  oxide,  and  lays  bare  the  metallic  sur&ce.  The  sheets  are 
next  rubbed  with  a  piece  of  wood,  then  plunged,  while  still  hot,  into  water,  to  make 
the  oxide  scale  off;  and  are  lastly  passed  cold  through  the  rolling  press  to  8nx)oth 
them.    ThQy  are  now  cut  square,  and  packed  up  for  home  sale  or  exportation. 

The  following  estimate  was  given  by  MM.  Dufirinoy  and  Elie  de  jSeaumont  of  the 
expense  of  manufietcturing  a  ton  of  copper  at  the  time  of  their  visit  to  South  Wales  in 
1822  :— 

£.    s,    d. 
12}  tons  of  ore,  yielding  8  J  per  cent  of  copper   55    0    0 
20  tons  of  coals     .        ...        ..800 

Workmen's  wages,  rent,  repairs,  &;c      .        .    13    0    0 

£76    0    0 

The  exhalations  from  the  ooipper  smelting-works  areexoeedinffly  detrimental  to  both 
vegetable  and  animal  life.    Tney  consist  of  sulphurous  add,  smphuiic  acid,  arsenical 

and  arsenious  adds,  vaxi- 
508  ous  add  and  oth»  va- 

pours, with  solid  paitides 
mechanically  swept  away 
into  the  air.  See  p.  928. 
The  following  figures 
represent  certain  modi- 
fications of  the  copper 
caldning  and  smelting 
copper  furnaces  of  Swan- 
sea. 

Fiff,  508  is  the  section 
of  the  roasting  furnace 
lengthwise ;  fy.  509,  the 
ground  plan;   in  whidi 
"*  a   is  the    fire-door;    5, 
the  grate;    c,  the  fire- 
bridge ;  dt  the  chimney ;  e  «,  apertures  on  each  side  of  the  long  sides  c^  the  fumaeei, 
through  which  Uie  ore  is  spread,  and  turned  over ;  //,  iron  hoppers ;  g  g,  openings  in 
the  vaulted  roof;  h  the  hearth-sole ;  1 1,  holes  in  this ;  k,  a  vaulted  space  under  the 
hearth.      The  hearth  has  a  suitable  oval  shape,  and  is  covered  with  a  flat  aich.    Its 
length  is  16  feet,  breadth  IS^  feet,  mean  height  2  feet 
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Fia,  610  is  a  longitudinal  flection  of  the  melting  fnrnace ;  fig,  b\l  the  gronnd  plan, 
in  which  a  is  the  firo-door ;  6,  the  grate ;  c,  the  fire-bridge ;  d,  the  chimney ;  e,  the 

600  610 


6ide  openings ;  /,  the  working  door ;  ^,  the  raking-out  hole  ;  A,  iron  spouts,  which 
conduct  the  melted  metal  into  pits  filled  with  water. 

The  melting  furnace  is  altogether 
smaller,  but  its  firing  hearth  is  con- 
siderably larger  than  in  the  roasting 
furnace.  The  long  axis  of  the  oval 
hearth  is  14  feet;  its  short  axis  10 
feet ;  its  mean  height  2  feet. 

Napier*  8  Process  for  smelHng  Copper 
Ores,  —  As  the  co]pper  ores  of  tkis 
country  often  contain  small  portions 
of  other  metals,  such  as  tin,  antimony, 
arsenic,  &c  which  are  found  to  deterio- 
rate the  copper,  Mr.  Napier's  procesf; 
had  in  view  to  remove  uiese  metals, 
and  at  the  same  time  to  shorten  the 
operations  of  the  smelting  process. 

The  first  two  operations,  that  of 
calcining  and  fusing  the  ore,  are  the 
same  as  the  ordinary  processes ;  but  the 

product  of  this  last  fusion — ^yiz.,  the  coarse-metal— \b  again  fused  with  a  little 
sulphate  of  soda  and  coal  mixed ;  and  whenever  this  becomes  solid,  after  tapinng 
the  furnace,  it  is  thrown  into  a  pit  of  water,  where  it  immediately  falls  into  an  im- 
palpable powder;  the  water  boils,  and  then  contains  caustic  soda  and  sulphide  of 
sodium,  dissolving  from  the  powder  those  metals  that  deteriorate  the  copper ;  the 
ley  is  let  ofS,  and  the  powder  washed  by  allowing  water  to  run  through  it.  The 
powder  is  t^en  put  into  a  calcining  furnace,  and  calcined  until  all  sulphur  is 
driven  off,  which  is  easily  effected  from  the  finely-divided  state  of  the  mass,  lliis 
calcined  powder  is  now  removed  to  a  fusing  furnace,  and  mixed  with  ores  containing 
no  sulphur,  such  as  carbonates  and  oxides,  and  a  little  ground  coal,  and  the  whole 
fused ;  the  result  of  this  fusion  is  metallic  copper  and  sharj^slag— that  is,  a  scoria 
containing  much  protosilicate  of  iron,  which  is  used  as  a  fiux  in  the  first  fusion  of  the 
calcined  ore,  so  that  any  small  trace  of  copper  which  the  slag  may  contain  is  thus 
recovered. 

The  copper  got  from  this  fusion  is  refined  in  the  ordinary  way,  and  is  very  pure. 

This  process,  which  was  patented  in  1846,  and  carried  on  for  some  few  years  at 
Loughor,  near  Swansea,  has  been  found  in  practice  to  be  incapable  of  completely 
separating  antimony,  arsenic,  and  tin  from  copper,  and  has  in  consequence  been 
abandoned. 

When  the  copper  ores  contain  tin  to  the  extent  of  from  ^  per  cent,  to  2  per  cent, 
which  many  of  them  are  found  to  do,  Mr.  Kapier  proposed  to  extract  this  tin,  and 
make  it  valuable  by  a  process  which  has  also  been  the  subject  of  a  patent  The  ore 
is  first  ground  and  calcined,  till  the  amount  of  sulphur  is  a  little  under  one-fourth  of 
the  copper  present ;  the  ore  is  tlien  fused  with  a  little  coal.  The  result  of  this  fusion, 
besides  the  scoria,  is  a  regulus  composed  of  sulphur,  copper,  and  iron,  and  under  this 
is  a  coarse  alloy  of  copper,  tin,  and  iron.  This  alloy  is  ground  fine,  and  calcined  to 
oxidise  the  metals,  which  are  then  fused  in  an  iron  pot  with  caustic  soda,  which 
combines  with  the  tin  and  leaves  the  copper.  The  oxide  of  copper  is  now  fused  with 
the  regulus.    The  stannate  of  soda  is  dissolyed  in  water,  and  the  tin  precipitated  by 
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slaked  lime,  the  precipitate  la  dried  and  ftised  with  carbonaoeoas  matters  and  a  little 
sand,  and  metallic  tin  obtained ;  the  caustic  soda-solntion  is  eTapoiated  to  diyness 
and  used  over  again.  This  process  was  proposed  for  the  treatment  of  very  poor  copper 
ores  that  are  mixed  with  tin,  or  poor  tin  ores  mixed  with  copper,  but  does  not  appear 
to  have  been  practically  applied. 

Process  formerly  ern^pikyed  at  Chesty. — The  principal  ore  smelted  at  Chessy  was  the 
azure  copper,  or  blue  carbonate,  which  was  discovered  by  accident  in  1812.  Bed 
copper  ore,  also,  came  into  operation  there  after  1825.  The  average  metallic  contents 
of  uie  richest  azure  ore  was  from  83  to  36  per  cent. ;  of  the  poorer,  from  20  to  24. 
The  red  ore  contained  from  40  to  67  parts  in  100.  The  ore  was  sorted  to  an  average 
of  27  per  cent,  of  metal,  to  which  20  per  cent,  of  limestone  was  added ;  whence  the 
cinder  will  amount  to  50  per  cent,  of  the  ore.  A  few  per  cents,  of  red  copper  slag,  with 
some  quicklime  and  Gahrdag,  was  added  to  each  duu^,  which  oonsistea  of  200  pounds 
of  the  above  mixture,  and  1 50  pounds  of  coke.  When  the  fiimace  (Joumeau  a  maneke, 
see  the  Scotch  smelting  hearth,  under  Lbad)  was  in  good  action,  from  10  to  14  such 
charges  could  be  work^  in  12  hours.  When  the  crucible  was  fidl  of  metal  at  the  end 
of  this  period,  during  which  the  cinder  had  been  frequently  raked  ofl^  the  blast  was 
stoppea ;  the  matt  floating  over  and  the  metal  beinp:  sprinkled  with  water  and  taken 
off,  left  the  black  copper  to  be  treated  in  a  similar  way,  and  converted  into  rosetUs. 
The  reflning  of  this  black  copper  was  ]|^erformed  in  a  kind  of  reverberatoiy  furnace. 

The  cinders  produced  in  this  reduction  nrooess  were  either  vitreous  and  light  blue, 
which  were  most  abundant;  cellular,  black,  imperfectly  fased  from  excess  of  lime; 
or,  lastly,  red,  dense,  blistery,  from  defect  of  lime,  from  too  much  heat,  and  the  passage 
of  oxide  of  copper  into  the  cinders.  Thev  consisted  of  silicate  of  idumina,  m  lime, 
and  of  protoxide  of  iron ;  the  red  contained  some  silicate  of  copper. 

The  copper -refining 
furnace  at  CSieesy  was  ^ 
the  kind  called  SpleisS' 
ofen  (split-hearta)  by 
the  Germans.  Fig,  512 
is  a  section  lengUiwise 
on  the  dotted  line  a  b  of 
Jiff,  518,  which  is  the 
ground  plan. 

The  foundation-walls 
were  made    of   gneiss; 
the  arch,  the  fire-bridge, 
and  the  chimney,  of  fire- 
bricks.   The    hearUi  a 
was  formed  of  a  dense 
mixtore    of    coal-dust, 
upon  a  bottom  of  well- 
beat  day  bf  which  re- 
posed  upon   a  bed   <tf 
brick-work  e.    Beneath 
this  there  was   a  slag 
bottom  d;eiB  the  upper, 
and  /  the  under  dis- 
charge-hole. The  hearth 
was    egg-shaped  ;     the 
longer  axis  being  8  feet, 
the  shorter  6^  feet;  in  the  middle  it  was  10  inches  deep,  and  furnished  with  the 
ouUets  ff  Of  which  lead  to  each  of  the  spUt-hearths,  h  h,  Jiff,  513.    These  outlets  were 
oontractea  with  fire-bricks  t  i,  till  the  proper  period  of  the  discharge.  The  two  hearths 
wore  placed  in  communication  by  a  cazud  k ;  they  were  each  3^  feet  in  diameter,  16 
inches  deep ;  fioored  with  well-beat  coal-ashes,  and  received  about  27  cwts.  for  a  charge. 
I  is  the  grate ;  m,  the  fire-bridge  ;  n,  the  boshes  in  which  tiie  tuyhts  lie ;  o,  Uie 
chimney ;  p,  the  working  door,  through  which  the  slags  may  be  drawn  oft    AboTO 
this  was  a  small  chimney,  to  carry  off  the  fiame  and  smoke  whenever  the  door  was 
opened. 

The  smelting  jpo«^  or  charge  to  be  purified  at  once,  consisted  of  60  cwts.  of  Uack 
copper,  to  whidi  a  little  granular  copper  and  copper  of  cementation  were  added ;  the 
consumption  of  pit-coal  amounted  to  36  cwts.  As  soon  as  the  copper  was  melted,  the 
bellows  were  set  a-going,  and  the  surface  of  the  metal  soon  beoime  covered  with  a 
moderately  thick  layer  of  cinder,  which  was  drawn  off  This  was  the  first  skimming 
or  dkrassage,  By-and-by,  a  second  layer  of  dnder  formed,  which  was  in  like  manner 
removed;  and  tlus  skimming  was  repeated,  to  allow  the  blast  to  act  upon  fresh 
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metallio  snrfaoeB.  After  4  or  5  hours,  no  more  slag  appeared,  and  then  the  firo  was 
increased.  The  melted  mass  now  began  to  boil  or  work  (travaUler),  and  continned  so 
to  do  for  about  9  of  an  hour,  or  an  hour,  after  which  the  motion  ceased,  though  the  fire 
was  kept  up.    The  Gahrprocfvna  now  taken ;  but  the  metal  was  seldom  fine  in  less  than 


I  of  an  hour  after  the  boil  was  over.  Whenever  the  metal  was  run  off  by  the  tap-hole 
into  the  two  basins,  h  h,  called  spHt-hearths,  a  reddish  vapour  or  mist  arose  from  its 
surface,  composed  of  an  infinite  number  of  minute  globules,  which  revolved  with 
astonishing  velocity  upon  their  axes,  constituting  what  the  Qermans  called  Spratzen 
(crackling^  of  the  copper.  They  were  composed  of  a  nucleus  of  copper  covered  with  a 
film  of  oxide,  and  were  used  as  sand  for  strewing  upon  manuscript  The  copper  was 
separated  by  sprinkling  water  upon  the  surface  of  the  melted  metal,  in  the  state 
of  rosettes,  which  were  immediately  immersed  in  a  stream  of  water.  This  refin- 
ing process  lasted  about  16  or  17  hours ;  the  skimmings  weighed  about  60  cwts. ;  the 
reftise  was  from  15  to  17  per  cent. ;  the  loss  from  2  to  3  per  cent.  The  Qahrslag 
amounted  to  11  cwts. 

Smdtvng  qftke  Manrfdd  Copper-Schist,  (Kuj)fersokiffer\ — The  cupreous  ore  is  first 
roasted  in  kurge  heajM  of  2,000  cwts.,  interstratified  wiUi  brush-wood,  and  with  some 
schists  rich  in  bituminous  matter  mixed  with  the  others.  These  heaps  are  8  ells  high, 
and  go  on  bumine  15  weeks  in  fair  and  20  in  rainy  weather.  The  bituminous  matter 
is  decomposed  ;  uie  sulphur  is  dissipated  chiefiy  in  the  form  of  sulphurous  add ;  the 
metal  gets  partially  oxidised,  particularly  the  iron,  which  is  a  very  desirable  circumstance 
for  the  production  of  a  good  smelting  sla^.  The  calcined  ore  is  diminished  ^th  in 
bulk  and  Jth  in  weight ;  becoming  of  a  friable  textore  and  a  dirty  yellow  colour.  The 
smeltingfumaces  are  cupolas  (Schachtofen),  14  to  18  feet  high;  the  fuel  is  partly 
coal  and  partly  coke  from  the  Berlin  gas-works  and  from  Silesia.  The  blast  is  now 
given  by  a  cylinder,  but  formerly  with  the  old  barbarous  Blasebalaen,  or  wooden  bel- 
lows of  the  household  form.    The  smelting  was  formerly  oonductea  as  follows : — 

The  copper-slate  is  sorted,  according  to  its  composition,  into  slate  of  lime,  clay, 
iron,  &c. ;  by  a  mixture  of  which  the  smelting  is  feiicilitated.  For  example,  1  post  or 
chuge  may  consist  of  20  cwts.  of  the  ferruginous  slate,  14  of  the  calcareous,  6  of  the 
argillaceous,  with  3  of  fiuor-spar,  3  of  rich  copper  slags,  and  other  refuse  matters. 
The  nozzle  at  the  iuyire  is  lengthened  6  or  8  in^es,  to  place  the  melting  heat  near 
the  centre  of  the  funiace.  In  15  hours  1  Fader  of  48  cwts.  of  the  above  mixture  may 
be  smelted,  whereby  4  to  5  cwts.  of  matt  (Kupferstein)  and  a  large  body  of  slags  are 
obtained.  The  matt  contains  from  30  to  40  per  cent,  of  copper,  and  from  2  to  4  Loihs 
(1  to  2  oz.)  of  silver.    The  slags  contain  at  times  j^th  their  weight  of  copper. 

The  matt  is  composed  of  the  sulphides  of  copper,  iron,  silver,  zinc,  along  with  some 
arsenical  cobalt  and  nickel.  The  slaty  slag  is  raked  off  the  sur&ce  of  the  melted  matt 
from  time  to  time.  The  former  is  either,  after  being  roasted  six  successive  times, 
smelted  into  black  copper,  or  it  is  subjected  to  the  following  concentration  process: — 
It  is  broken  to  pieces,  roasted  by  brushwood  and  coals  th^  several  times  in  brick- 
walled  kilns,  containingOO  cwts.,  and  turned  over  after  each  calcination ;  a  process 
of  4  weeks'  duration.    The  thrice-roasted  mass,  called  Spurrost,  being  melted  in  the 
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cupola,  ^^  514,  irith  ore-cinder,  yields  the  SpunMn,  or  eoncentzated  matt,  Ttom 
30  to  40  cwts.  of  Sptamist  are  smelted  in  24  hours ;  and  from  48  to  60  per  cent,  of 
l^ntrstem  are  obtained,  the  slag  from  the  slate-smelting  being  employed  as  a  finx. 
Tne  Sfpurstein  contains  from  50  to  60  per  cent^  of  copper,  combined  with  the  sulphides 
of  copper,  of  iron,  and  silyer. 

The  Spurstein  is  now  mixed  with  Dunnstein  (a  sulphide  of  copper  and  iron  produced 
in  the  original  smelting),  roasted  6  successive  times,  in  quantities  of  60  cwts^  with 
brushwood  and  charcoal ;  a  process  which  requires  from  7  to  8  weeks.  The  product 
of  this  six-fold  calcination  is  the  Gakrrost  of  the  Gtermans ;  it  has  a  colour  like  red 
copper  ore,  varying  from  blue  grey  to  cochineal-red,  with  agranular  fracture ;  and  may 
be  immediately  reduced  into  metallic  copper,  which  process  is  called  Ktipfermaeken. 
But  before  smelting  the  mass,  it  is  lixiviated  with  water,  to  extract  from  it  the  soluble 
sulphate,  which  is  concentrated  in  leaden  pans  and  crystallised. 

The  lixiviated  Gakrrost  mixed  with  from  ^th  to  j^th  of  the  lixiviated  DwHuUkwbH  and 
^th  to  -^th  of  the  copper-slate  slag  are  smelted  with  charcoal  or  coke  fhel  in  the  course 
of  24  hours,  in  a  mass  of  60  or  80  cwts.  The  product  is  black  copper,  to  the  amount  of 
about  ^th  the  weight,  and  ^th  of  Dwmstdn  or  thin  matt.  This  blade  copper  contains 
in  the  cwt.  from  12  to  20  Loths  (6  to  10  oz.)  of  silver.  The  Dunnatem  consists  of  from 
60  to  70  per  cent,  of  copper  combined  with  sulphur,  sulphide  of  iron,  and  arsenic ;  and 
when  thnce  roasted,  yields  a  portion  of  metaL    The  black  copper  lies  undermost  in 

the  crucible  of  the  furnace ;  above 
it  is  the  Dwmriein^  covered  with 
the  strong  slag,  or  copper  cinder, 
resulting  from  the  slate-smelting. 
The  slags  being  raked  off,  and 
the  crucible  sufficiently  full«  the 
eye  or  nozzle  hole  is  shut,  the 
itmiutem  removed  by coolingthe 
surface  and  breaking  thecrust« 
which  is  about  a  ^  to  {inch  thi^ 
The  same  method  is  adopted  for 
,  taking  out  the  black  copper  in 
u  '  successive  layers.    Forthedesil- 

vering  of  this,  and  similar  black 
^  coppers,  see  Silvbb. 

Fig,  514  is  a  vertical  section 
through  the  tnyhre  in  the  dotted 
line  A  B  of  >i^.  516.  Fig,  515 
is  a  vertical  section  through 
the  dotted  line  c  d  of  >^«  517. 
a  is  the  shaft  of  the  furnace; 
6,  the  rest,  e  p,  the  twfh«s ;  d, 
A  the  sole  or  hearth-stone,  which 
^  "  has  a  slope  of  3  inches  towards 

the  front  wall ;  e  e,  &e.,  casing 

walls  of  fire-bricks;  //,  &c., 

filling-up  walls,  built  of  rubbish 

stones ;  gg,  a  mass  through  which 

the  heat  is  slowly  conducted ;  A  A,  the  two  holes  tlirough  one  or  other  of  whidi 

alternately  the  product  of  the  smelting  process  is  run  off  into  the  fore-hearth.  Beneath 

the  hearth  sole  there  is  a  solid  body  of  loam ;  and  the  fbre-hearth  is  formed  with 

a  mixture  of  coal-dust  and  day ;  k  is  the  disdiarge  outlet  fbr  moisture.    Fig.  516  is 

a  horizontal  section  of  the  fiimace  through  the  hole  or  eye,  on  the  dotted  line  b  p 

of  ^.  614 ;  fg.  517,  a  horizontal  section  of  the  shaft  of  the  ftumace  through  the  farm 

along  the  dotted  line  o  h  of  Jiga.  514  and  515.    The  height  of  the  shaft,  from  the 

line  E  F  to  the  top,  is  14  feet ;  from  e  to  o,  25  inches ;  from  c  to  the  line  below  6, 

2  feet;  from  that  line  to  the  line  opposite  gg,2  feet     The  width  at  the  hneg  g  is 

3  feet  3  inches,  and  ate,  26  inches.  The  basins,  t  t,y^.  516,  arc  each  8  feet  in  diameter 
and  20  inches  deep. 

During  the  last  twenty  years  few  processes  have  undergone  more  extensive  modifica- 
tions than  that  used  for  the  extraction  of  copper  and  silver  from  the  copper-schists  of 
^lansfeld;  and  it  is  therefore  necessary  to  present  a  short  account  of  the  series  of 
operations  at  present  employed. 

The  cupola  furnace  now  used  differs  greatly,  both  in  construction  and  dimensions, 
from  that  formerly  employed  in  the  district ;  bein^  in  almost  all  respects,  excepting 
size,  similar  to  the  closed  blast-furnaces  used  in  this  country  for  the  manufacture  of 
cast  iron.    This  frimace  is  circular,  and  30  feet  in  height  by  about  7  feet  in  diameter 


Digitized  by  VjOOQIC 


COPPER 


926 


At  the  top,  which  is  the  widest  part;  the  interior  dimension  decreasing  gradually 
■towards  me  hearth,  where  the  width  is  6  feet. 

The  blast  is  supplied  bj  six  water-tuyers  placed  radially,  or  nearly  so,  at  a  height  of 
from  4  to  6  feet  alx>Ye  the  hearth.  On  one  side  is  a  dam  plate  oyer  which  slag  fiows 
continuously  whilst  on  the  opposite  side  is  a  tapping  hole  through  which  the  matt  is 
drawn  off  fiom  time  to  time. 

The  top  of  the  furnace  is  closed  by  a  cup-and-cone,  and  the  waste-gases  are  conveyed 
to  the  stoves  employed  for  heating  the  blast,  the  temperature  of  which  is  raised  to 
370<>F. 

The  reverberatory  ftimace  employed  in  the  calcination  processes  is  in  all  essential 
respects  similar  to  that  used  in  Wales  for  the  roasting  of  the  various  matts  produced 
in  the  English  method  of  smelting. 

The  following  is  an  outline  of  uie  routine  generally  employed : — 

1.  Boasting  the  schists  in  the  open  air,  in  large  heaps,  in  order  to  drive  off  water, 
bitumen,  and  other  volatile  matters  and  at  the  same  time  to  induce  such  a  state  of 
division  between  the  particles  of  the  ore  as  shall  be  most  suitable  to  subsequent  melt- 
ing operations. 

2.  The  first  melting  in  a  cupola-furnace,  the  object  being  the  separation  of  silica  and 
earthy  matters  in  the  form  of  slag  and  the  concentration  of  the  copper  in  a  matt  con- 

.  taining  36  per  cent,  of  that  metal,  together  with  some  silver. 

3.  The  matt  formed  in  the  last  operation  is  roasted  in  the  open  air  in  rectangular 
*  stalls,'  the  object.being  the  elimination  of  a  portion  of  the  sulfur  and  the  oxidation 

■  of  some  of  the  iron.  

4.  The  roasted  matt  or  coarse-metal  is  concentrated  in  a  reverberatory  furnace  in 
.  jorder  toi  fit  it  for  the.  Qezt  process  for  extracting  the  nlver  bj  Zaervogel's'methc^. 

During  the  roasting,  lead,  arsenic,  and  zinc  are  to  some  extent  ^hminated  and  a  regulus 
produced  which  is  rich  in  copper  and  silver  ;  at.  the  conclusion  of  the  opeiation  Uiis 
IS  granulated  by  being  run  into  a  vat  of  water. 

5.  For  the  extraction  of  the  silver,  the  granulated  matt  is  ground  to  a  fine  powder, 
and  roasted  in  a  reverberatory  furnace  at  such  a  temperature  that  as  much  as  possible 
of  the  copper  shall  be  converted  into  oxide,  whilst  the  silver  remains  in  the  form  of 
sulphate ;  this  is  washed  from  the  roasted  material  by  means  of  hot  water  and  the 
silver  subsequently  precipitated  from  solution  by  metallic  copper. 

6.  Fusion  for  blister-copper.  The  residue  from  Uie  lixiviation  vats  is  made  into 
balls  with  about  8  per  cent,  of  day,  which  serves  the  double  purpose  of  supplying 
materials  for  slag  and  at  the  same  time  forming  the  powder  into  lumps  and  preventing 
its  clogging  the  furnace. 

The  fusion  is  conducted  in  a  cupola-furnace  and  fluid  products  flow  continuously  from 
it  into  a  basin,  and  arrange  themselves  according  to  their  specific  gravities ;  namely. 


519 


first,  metal ;  second,  a  thin  layer  of  rich  matt ;  and  thirdly,  slag.  The  latter  is  broken 
and  sorted,  and  any  containing  copper  is,  together  with  the  matt,  worked  over  in  one 
.  of  the  ewlier  pp^i^tioQs. 
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7.  Befining  the  blister-copper.  This  is  effected  either  in  the  Qerman  hearth  by  th« 
action  of  glowing  charcoal  and  a  highly-inclined  blasts  and  the  fine-o^per  obtained  in 
the  form  of  rosettes ;  or  the  Welsh  reyerberatory  Airnaoe  is  employed^  and  the  copper 
cast  into  ingots.  For  extraction  of  silver  from  the  Mansfield  copper  regnlns,  see 
81LYKB. 

Fuf8.  518,  519,  520,  represent  the  reverberatozy  furnace  genenlly  employed  in 
the  Harz,  in  the  district  of  Mansfeld,  Saxony,  Hungary,  &c,  for  the  treatment  of  black 
copper,  and  for  refining  rosette'copper  upon  the  great  scale.  An  analogous  furnace  is 
used  at  Andreasbeig  for  the  liquelEustion  or  purification  of  the  matte,  and  for  workable 
lead  when  it  is  mu<£  loaded  with  arsenic 

Fiff,  518  presents  the  elevation  of  the  furnace  parallel  to  the  line  i  k,  of  the  |klan 
;^.  519,  which  phm  is  taken  at  the  level  of  the  tuyire  n  o£  fy,  520 ;  /ia.  520  la  a 
vertical  section  in  the  line  l  Uffy.  519.  k  represents  one  of  two  basins  of  reception, 
brasqued  with  clay  and  charcoal ;  n  »,  two  tuyeres  through  whidi  enters  the  blast  of 
two  pairs  of  bellows ;  9,  door  by  which  the  matter  to  be  melted  is  laid  upon  the  sole 
of  the  Aumace ;  «,  t;,  two  points  where  the  sole  is  perforated,  when  necessary  to  run 
off  the  melted  matter  into  either  of  the  basins  k ;  «,  door  through  which  the  slags  or 
cinders  floating  upon  the  surface  of  the  melted  metal  are  raked  out ;  y,  door  of  the 
fire-place.  The  niel  is  laid  upon  a  grate  above  an  ash-piU  and  below  the  ardi  of  a 
reverberatory,  which  is  contiguous  to  the  dome  or  cap  of  the  itimaoe  properly  bo  called. 
In  the  section,  fff.  520,  the  following  parts  may  be  noted :  1,  2,  S,  mason-wock  of  the 
foundation ;  4,  vapour-channels  or  conduits,  for  the  escape  of  the  humidity ;  6»  bed  of 
day;  6,  brasque,  composed  of  day  and  chazooal,  which  forms  the  oonoavitj  of  the 
hearth, 

Fiff8.  521,  522,  528,  show  the  Aimace  formerly  employed  for  liquataoa  in  one  of 
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522 
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^i^^ 


the  prindnal  smelting  woriu  of  the  Harz.  Fiff,  528  exhibits  the  working  area  chamd 
with  the  liquation  cakes  and  charcoal,  supported  by  sheets  of  wrought-iron ;  Fiff. 
521  is  the  plan,  in  the  line  f  o,  of  ;^.  522. 

A  liquation  cake  is  composed  of— 

Blaci:  copper  holding  at  least  5  or  6  Loths  (2|  or  8  os.)  of  silver  per  ewt,  and 
weighing  90  to  96  lbs.    Lead  obtained  from  litharge,  2  cwts.    litharge,  |  ewL 

^m  30  to  82  cakes  are  successively  worked  in  one  operation,  f&tb.  lasts  about 
4  hours ;  the  ftimace  is  brought  into  action  as  usual,  with  the  aid  of  slags ;  then  a  little 
litharge  is  added ;  when  the  lead  begins  to  flow,  the  copper  is  introduced,  and  when 
the  copper  flows,  lead  is  added,  so  that  the  mixture  of  the  metals  may  be  eflfocted  in 
the  best  possible  wav. 

From  8  to  16  of  these  cakes  (jpams)  are  usually  placed  in  the  liquation  fnmaee. 
Jigs,  521,  522,  523.  The  operation  lasts  8  or  4  hours,  in  which  time  about  1^  quintal 
of  charcoal  is  consumed.  The  cakes  are  covered  with  burning  charcoal  snpportad,  aa 
before  stated,  by  the  iron  plates.  The  workable  lead  obtain^  flows  off  towards  the 
basin  in  front  of  the  furnace ;  whence  it  is  laded  out  into  moulds  set  alongside.  (See 
fy,  518).  If  the  lead  thus  obtained  be  not  suffidently  rich  in  silver  to  be  worth 
cupeUation,  it  is  employed  to  form  new  liquation  cakes.  When  it  contains  from  5  to 
6  Loiha  of  silver  per  cwt.,  it  is  submitted  to  cupeUation  in  the  said  smdting  works. 
See  SiLVBB. 

The  refining  of  the  eliquated  copper  (called  JkurrUnge)  from  which  the  silver  has 
been  sweated  out  by  means  of  lead,  can  be  performed  only  in  small  heartha.  The 
following  is  the  representation  of  such  a  furnace,  called  in  German  Kupfayakrkeerd, 
Fig.  524  is  the  section  lengthwise ;  fig,  525  is  the  section  across ;  and  fig,  686  is 
the  ground  plan:  in  these  figures  a  is  the  hearth-hollow;  6,  a  massive  wall;  c^ 
the  mass  out  of  which  the  hearth  is  formed ;  d,  cast-iron  plates  oovering  the  hearth; 
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e,  opening  for  running  off  the  liquid  slag;  /,  a  amall  wall;  ^,  iron  cnrb  for  keeping 
the  coals  together. 


The  hearth  being  heated  with  a  bed  of  charcoal,  |  cwt  of  Dcarlinge  are  hud  over  it, 
and  covered  with  more  Aiel :  whenever  thia  chaige  la  melted,  another  layer  of  the  coal 
and  Darrlmge  is  introduced,  and  thns  in  snooession  till  the  hearth  becomes  full  or 
contains  fiK>m  1^  to  2|  cwts.  In  Kenstadt  7i  cwts.  of  DarrUnge  have  been  refined  in  one 
ftimaoe,  from  iniich  5  cwts.  of  GakrkupferhAYe been  obtained.  The  blast  oxidises  the 
foreign  metals,  namely,  the  lead,  nickel,  oobalU  and  iron,  with  a  little  copper,  forming 
the  Qakrtlag;  whidi  is,  at  first,  rich  in  lead  oxide  and  poor  in  copper  oxide ;  bnt  at 
the  end,  this  is  reversed.  The  slag,  at  first  blackish,  assumes  progressively  a  copper- 
red  tint.  This  slae  fiows  off  spontaneously  along  the  channel «,  from  the  surface  of  the 
hearth.  The  CrMre  is  tested  by  means  of  a  proof-rod  of  iron,  called  Gahreiam,  thrust 
through  the  tuyere  into  the  melted  copper,  then  drawn  out  and  i>lunged  in  cold  water. 
As  soon  as  the  Gakrtpan  (scale  of  copper)  appears  brownish-rea  on  the  outside,  and 
copper-red  within,  so  thin  that  it  seems  like  a  net-work,  and  possessing  sufficient  tena- 
city to  admit  of  its  being  bent  backwards  and  forwards  sev^al  times  without  break- 
ing, the  refininff  is  finidbed.  The  blast  is  then  stomted ;  the  coals  covering  the  surface, 
as  also  the  dn&rs,  must  be  raked  off  the  copper,  aner  being  left  to  cooL  The  suifaoe 
is  now  Author  cooled  by  sprinkling  water  upon  it,  and  the  thick  cake  of  congealed 
metal  ^rondette\  is  lifted  off  with  tongs,  a  process  called  SehleUam  (slicing),  or 
Seheibmreissen  (shavins X  which  is  continued  tul  the  last  convex  cake  at  Uie  bottom  of 
the  fbmace,  styled  the  Irinfftpieeet  is  withdrawn.  These  ronddUs  are  immediately  im- 
mersed in  cold  water,  to  prevent  the  oxidation  of  the  copper :  whereupon  the  metal 
becomes  of  a  oochineal-red  colour,  and  gets  covered  with  a  thin  film  of  rod  oxide.  Its 
under  surface  is  studded  over  with  points  and  hooks,  the  result  of  tearing  the  congealed 
disc  from  the  liquid  metaL  Such  cases  are  called  roiette  copper.  When  the  metal  is 
pure  and  firee  mmi  oxide,  these  cakes  may  be  obtained  very  thin,  ^th  of  an  in(^,  for 
example.  The  refining  of  2^  cwts.  of  Darrliinge  takes  f  of  an  hour,  and  yields  Ij  cwt. 
of  Qahr  copper  in  36  rosettes,  as  also  some  Qakrtlag,  Gatir-copper  generally  contains 
f^m  1|  to  2^  per  cent,  of  lesd,  along  with  a  little  nickel  silver,  iron,  and  unminium. 
Most  of  the  Mansfield  copper  is  now  refined  in  a  reverberatory  ftimace,  and  sold  as 
Baffimidkupfer^  and  not  as  Gakrkupfer, 

UtUisaHon  of  ike  Copper  Smoke. — The  application  of  the  sulphur  disengaged  in  the 
calcination  or  roasting  of  copper  ores  to  the  production  of  liquid  sulphuric  add,  has 
long  been  an  important  object  of  copper-smelters.  In  the  case  of  a  small  proportion 
of  copper  ores,  containing  a  comparatively  large  proportion  of  sulphur,  and  in  the 
state  of  hard  lumps,  firee  from  earthy  matter,  tms  is  ^fected  in  the  ordinary  *  pyrites 
burner'  of  the  sulphuric  add  works.  But  copper  ores,  for  the  most  part,  are  small, 
poor  in  sulphur,  with  much  earthy  matter ;  and  are  therefore  calcined  in  reverberatory 
ftimaces  with  fire-grates.  The  gases  £rom  these  caldners  do  not  consist  of  more  than 
0*5  vol.  of  sulphurous  add  in  100  vols.,  and  are  moreover  largely  mixed  with  the 
products  of  combustion  from  the  fire-place :  they  were  therefioxe  unfit  for  the  vitriol 
chamber,  and  were  allowed  to  escape. 

An  important  invention,  by  which  this  loss  is  avoided,  is  the  caldning  furnace  of 
M.  Gerstenhofer;  in  which  the  ore,  in  a  finely-divided  state,  is  allowed  to  fall  on  a 
number  of  fire-brick  bars  or  bearers,  placed  in  rows,  at  different  elevations.  The  ore, 
which  is  supplied  in  a  continuous  stream  at  the  ton,  meets  in  its  descent  with  a  cur- 
rent of  air  m  the  reverse  direction.    The  ftimaoe  being  moderately  heated  on  starting, 
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the  ore  ignites,  and  afterwards  maintains  its  own  oombnstion,  without  the  aid  of  ftiel, 
for  any  length  of  time;  while  the  ascending  current  of  air  becomes  charged  with  sul- 
phurous add  of  sufficient  strength  and  purity  to  be  oonvejed  to  the  vitri^  chambers. 
The  annexed  figures  represent  perpendicular  transverse  sections  of  M.  Gersten- 

hofer's  furnace.    Fig,  527  is  a  cross-section 
^^7  parallel  with  the  front ;  fig,  528  represents  a 

section  from  front  to  back.  The  length  of  the 
earthen  bars  is  about  two  feet  six  inches: 
twenty  rows  occupy  about  twelve  feet  in  hei^ ; 
a  is  an  icon  box  or  hopper  for  containing  a 
supply  of  ground  ore,  having  at  bottom  two 
or  more  cast-iron  grooved  rollers,  which  are 
worked  without  interruption,  at  a  speed  adapted 
to  supply  ore  equal  to  a  dischaige  of  about 
10  cwts.  of  sulphur  per  twenty-four  hours.  As 
the  ore  sometimes  has  a  tendency  to  form  a 
cake  on  the  bars,  it  is  necessary  to  scrape  these 
occasionallv,  by  means  of  an  iron  rod,  with 
curved  end,  wmeh  is  introduced  through  plug- 
holes in  cast-iron  boxes,  shown  in  fia.  528. 
The  calcined  ore  collects  in  the  cavity  o  at  the 
bottom,  and  is  raked  out  when  convenient. 
The  necessary  amount  of  air  is  admitted  partly 
at  the  back  through  the  flue  c,  regulated  Inr 
means  of  a  screw-valve,  and  partly  through 
the  plug-holes  in. front.  After  passing  upwards 
through  the  caldner,  the  air,  now  diuged  with 
sulphurous  add  to  the  extent  x)f  6  or  8  per 
cent,  in  volume,  passes  over  the  bridge,  and 
through  the  fine  e  in  the  direction  of  the  ar- 
rows, fig,  528.  Provision  is  made  at  the  bottom 
of  these  flues  for  oolleding  and  removing  par- 
tides  of  roasted  ore  carried  over  by  the  current ; 
/  is  a  brick-built  chamber  for  a  similar  pur- 
pose, from  the  back  of  which  the  gas  passes 
through  the  flue  g  to  the  vitriol  chambers. 
The  latter  are.  supplied  'with  nitric  add  in  the 
usual  way ;  either  from  a  nitrate-pot  or  oven 
worked  independently,  or  with  liquid  nitric 
acid  allowea  to  percolate  a  tower  and  mix 
.  with  the  gas  from  the  caldners  before  entering 
the  leaden  chambers. 

The  Grerstenhofer  caldner  is  applicable  to  all 
varieties  of  sulphuretted  copper  ores,  althougjh 
varying  in  proportion  of  sulphur  from  16  to  40 

• ,    .  _.  _  M^     t^  ,  per  cent. ;  it  is  also  adapted  to  the  'ooarse- 

^*^^oS^to8?"**^^         ™otal »  or  regulus  obtained  as  the  result  of  the 

first  reducing  operation. 
The  caldnation  is  conducted  with  ease,  so  that  no  more  sulphur  remains  in  the  ore 
than  is  necessar)r  for  the  smelting  processes. 

As  the  superiority  of  this  cakiner  over  every  other,  having  a  similar  object,  has 
been  proved,  in  the  Government  copper  smeUine  establishments  of  Frdberg  and 
Mansfeld,  and  in  this  country,  in  the  works  of  Meburs.  Vivian  and  Sons,  near  Swansea 
^who  are  the  proprietors  of  the  S^lish  patent),  it  is  expected  that  their  general 
introduction  into  copper  works  will  be  the  means  of  greatly  redudng  the  smoke 
arising  therefrom  and  turning  it  to  profitable  account.  This  was  written  in  1867. 
Although  still  used  advantageously,  its  use  has  not,  in  1874,  been  extended. 

Mr.  Peter  Spence,  of  Mandiester,  has  also  a  caldner  which  has  been  four  years  in 
operation,  and  has  caldned  20,000  tons  of  copper  ore.  Mr.  Spence,  in  his  patent  of 
the  drd  July  1861,  thus  describes  his  arrangements: — 

*  The  essential  feature  of  invention  consiste  in  submitting  such  ores  to  the  action 
of  a  roasting  heat  as  they  are  passed  from  one  end  of  a  ftunoaoe  to  the  other,  during 
which  transference  a  current  of  air  is  caused  to  travd  over  them  in  an  opposite  diree- 
tion ;  to  accomplish  this,  a  furnace  of  considerable  length,  having  several  doers  for 
the  purpose  of  introdudng  apparatus  by  which  the  transference  may  be  effbctod,  is 
used.  It  will  be  obvious  that  by  this  arrangement  the  ores  may  be  submitted  to  hsat 
-in  a  thin  stratum,  that  the  amount  of  roasting  may  be  modified  l^  a  quicker  or  aloifer 
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tnnsforence,  and  that  the  heat  oommunicated  may  be  greater  tovards  the  termination 
of  the  operation  than  at  the  commencement  thereof. 
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OoTBtenhbfer's  FarnMe  for  calcinixig  Copper  Ores. 


This  invention  will  be  folly  understood  by  the  accompanying  drawings  of  apparatus. 

Fia,  629  is  a  side  view  of  the  furnace,  and  fig,  530  a  longitudinal  section,  in  both 

of  which  the  two  ends  only  are  shown,  the  whole  being  of  considerable  length.    One 
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Spence*8  Fnnaoe  for  calcining  Copper  Ores. 

now  in  operation  is  fifty  feet  long,  wiUi  twelve  doors  for  tlio  transference  of  the  ores ; 
but  these  dimensions  may  be  ^'aricd,  and  are  only  mentioned  for  the  purpose  of 
Vol.  I.  3  0 
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^plaining  tiu^t  the  famaoe  should  be  of  oonsidezablo  length.  Fig,  531  lepreientB 
a  cross-section ;  and  in  describine  the  apparatus  in  the  first  instanoe  ire  inppoee  that 
the  manu^Eicture  of  sulphuric  add  is  the  object  in  view. 
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Bpenoe'g  Fntnaoe  for  osldning  Copper 
Ores. 


Bpenoe'i  Famaoe  tor  Oaldnlng  Copper  Ores. 

At  a  are  the  fire-bars  of  the  fitfnace,  and  at  h  the  fire-chamber,  formed  by  channels, 
as  seen  in^.  581,  extending  under  a  partition  e,  of  fire  brick,  which  partition  forms 

the  bottom  of  another  and  distinct  chamber 
df  furnished  at  one  or  both  sides  with  a 
number  of  doors  0*,  «*,  &c.  At  /  is  an  aper- 
ture formed  through  the  brickwork,  and 
constituting  a  communication  from  the  ex- 
ternal %tmosphere  to  the  chamber  d.  The 
ores  from  which  sulphuric  add  is  to  be  ob- 
tained are  passed  through  the  door  e*  into 
the  chamber  d  in  suffident  quantity  to  lie 
about  two  or  three  inches  in  thic^efls  upon 
the  bed  c,  and  to  extend,  say,  halfway  to- 
wards the  door  ^.  This  batch  haying  been 
submitted  to  heat,  passing  from  the  fire- 
chamber  h  for  the  required  time,  is  pushed  forward  by  an^  conyenient  instrament, 
so  as  to  be  brought  opposite  the  door  «*,  and  another  batch  is  introduced  through  the 
door  «* ;  then  the  first  charge  is  remoyed  from  0*  to  d*,  and  the  second  from  ^  to  «*, 
and  so  on  until  the  first-depodted  batch  shall  have  arrived  at  the  other  end  of 
the  fomace  at  a",  and  it  is  then  pushed  through  the  aperture/ into  any  reoeptade 

S laced  to  recdve  it.  During  this  transference  of  the  material,  it  has  gradually  become 
eated,  and  a  current  of  air  entering  at /has  been  passing  over  it,  and  tiie  operation 
has  caused  the  sulphur  to  be  driven  off  frrom  the  ore  and  conveyed  through  the 
channel  ^  to  the  ordinary  sulphuric  add  apparatus.  The  end  of  the  fire-chamber 
d  leads  to  a  fine  at  t.  Ilie  degree  of  roasdng  to  be  effected,  and  so  as  to  secure  the 
best  results,  can  be  ascertained  only  by  experience ;  but  working  with  a  furnace 
fifty  feet  long  and  with  twelve  doors,  the  first  charge  is  allowed  to  remain  for  one 
hour,  then  transferred  to  the  second  position,  and  a  fresh  charge  put  into  the  first, 
and  so  on,  waiting  an  hour  between  each  charge. 

An  advantage  aridn^  from  this  invention  is  its  capability  of  being  applied  to  the 
manufacture  of  sulphuric  add  from  any  description  of  ores.  It  is  well  known  to  those 
engaged  in  the  extraction  of  copper  frtun  ores  that  the  sulphur  thereof  is  frequently 
wasted  from  the  impracticability  of  roasting  certain  mixed  ores  so  as  to  render  them 
into  a  fit  condition  K>r  reduction,  and  also  for  the  manufacture  of  sulphuric  add ;  but 
by  this  improved  method,  ores  of  any  description,  large  or  small,  may  be  roasted  so 
as  to  produce  sulphuric  add  with  economical  results.  In  calcining  the  mixed  copper 
ores  preparatoi^  to  smelting,  as  practised  at  the  Swansea  and  other  copper  wo^s, 
and  with  the  view  of  economising  the  manufacture  of  sulphuric  add,  the  process  of 
caldnation  by  this  method  is  e&cted  with  equal  advantage  as  by  the  modes  now 
practised,  as  the  heat  is  made  to  act  on  a  large  body  of  ore  without  an  exhaustive, 
but  with  an  aocumulative  efifect,  so  that  the  heat  which  has  caldned  or  driven  off 
nearly  the  last  portion  of  sulphur  from  the  ore  which  lies  at  the  exit  of  the  furnace 
then  passes  on,  neating  every  successive  charge,  and  gaining  strength  from  the  com- 
bustion of  the  sulphur  untU  it  comes  into  contact  with  the  cold  charge,  which  it 
rapidly  heats  to  ignition,  partly  from  the  under  heat  of  the  bed  derived  from  the  fire, 
which,  after  leaving  the  fUmace,  is  passed  to  a  chimney,  and  partly  from  all  the  hot 
gases  pasdng  over  it  on  their  way  out  of  the  fhmace  to  the  vitriol  chamber,  ioto 
which  they  are  conveyed  after  being  mixed  with  nitrous  gases,  as  is  well  known. 
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Ai  another  adyantage  arising  from  the  nse  of  this  invention,  it  is  found  in  the 
practical  carrying  out  thereof,  that  the  production  of  a  given  amount  of  sulphuric 
add  is  effected  by  the  expenditure  of  far  less  nitre  than  is  eommooly  used,  a  certain 
amount  of  sulphuric  acid  being  formed  in  the  chamber  of  the  furnace  toad  passing 
forward  in  a  state  of  vapour.  Thus  fir  -we  have  sp(^en  of  this  invention  as  applicable 
to  the  manufacture  of  sulphuric  add,  but  it  is  also  applicable  to  roasting  ores  (^ 
copper  preparatory  to  reduction.  In  this  application  the  operation  is  precisely  that 
alK>ve  described,  and  will  not,  therefore,  need  a  repetition  of  description,  it  being  of 
course  understood  that  if  the  ores  have  been  previously  used  for  the  manufacture  of 
sulphuric  add,  and  contain,  therefore,  but  a  small  amount  of  sulphur,  the  vapours 
from  the  chamber  d  may  pass  into  the  atmosphere  instead  of  into  the  vitriol  chamber, 
if  desired. 

On  the  14th  June  1864,  Mr.  Peter  Spence  and  Mr.  J.  B.  Spence  effected  another 
patent  for  *  calcining  and  smeltin^f  copper  ores.'  This  will  be  f^y  understood  by  Uie 
following  description : — 

*  Our  invention  consists  in  applying  the  heat  used  in  smelting  copper  ores  to  the 
purpose  of  caldning  such  materials,  and  in  transferring  the  caldnea  ores  direct  to 
the  smelting  furnace.  To  accomplish  these  objects,  we  place  the  two  Aimaoes  in 
connection  with  each  other,  and  cause  a  suitable  flue  to  convey  the  heat  used  in  smelt- 
ing to  the  material  to  be  caldned ;  and  when  this  operation  is  complete,  and  the 
smelted  ore  is  removed,  we  rake  the  calcined  6re  direct  on  to  the  bed  (^  the  smelting 
furnace.  The  caldning  fhmace  we  at  present  prefer  to  use.  is  of  that  construction 
for  which  Letters  Patent  were  granted  to  Peter  Spence,  bearing  date  July  3rd,  1861, 
No.  1696.* 

In  addition  to  those  processes,  it  may  be  stated  that  a  company  has  been  established 
at  Oldbury,  in  Staffordshire,  for  working  the  process  know  as  'Henderson's  salt 
process.'    We  have  been  favoured  with  the  following  description : — 

*  The  works  are  erected  for  the  purpose  of  extracting  the  copper»  and  utilising  the 
residue  from  the  Spanish  pyrites,  imported  mostly  by  the  alkali  makers,  and  the 
sulphur  extracted  by  them  for  the  purpose  of  making  sulphuric  add.  We  then  calcine 
the  ore  with  salt  in  such  a  way  as  to  decompose  every  trace  of  copper,  and  peroxidise 
the  whole  of  the  iron  that  is  not  already  oxidised  during  the  burning  out  of  the 
sulphur.  We  then  put  the  caldned  ore  into  vats  or  tanks ;  and  as  the  chloride  of 
copper  is  readily  soluble,  that  metal  is  washed  out  perfectly  clean  with  hot  water,  and 
the  residue  of  peroxide  of  iron  is  sold  at  the  iron  works  in  the  immediate  neighbour- 
hood. This  is  used  in  the  puddling  f^imaces,  and  answers  well  for  two  jntrpo9e$ :  first, 
to  keep  the  pig  iron  from  cutting  the  bottom  of  the  fbmaces,  and,  secondly,  to  improve 
the  quality  of  the  wrought  iron  produced.  We  sell  of  this  rendue  about  600  tons  per 
month.  The  copper  is  predpitated  from  the  solution  by  scrap  iron,  the  predpitate 
run  down  and  refined ;  and  the  whole  of  the  copper  is  sold  as  B.  S.  ingot.  We 
produce  15  to  18  tons  of  copper  per  month.'    See  PrRrrss. 

Spanish  Process  of  refining  Copper, — ^The  refining  of  copper  is  well  executed  at 
Seville,  in  Spain ;  therefore  some  account  of  the  mode  of  operating  is  required. 

The  first  object  is  to  expel  in  a  reverberatoiy  furnace  all  the  volatile  substances, 
such  as  sulphur,  arsenic,  antimony,  &c,  which  mav  be  associated  with  the  copper ; 
and  the  second,  to  oxidise  and  convert  into  scoria  the  fixed  substances,  such  as  iron, 
lead,  &c,  with  the  least  possible  expense  and  waste.  The  minute  quantities  gf 
gold  and  silver  whidi  resist  oxidation  cannot  be  in  anv  way  injurious  to  the  copper. 
The  heitfth  is  usually  made  of  refractory  sand  and  clay  with  ground  chareoal, 
each  mixed  in  equal  volumes,  and  worked  up  into  a  doughy  consistence  with  water. 
This  compodUon  is  beat  firmly  into  the  fhmaoa  bottom.  But  a  qnartaose  hearth, 
such  as  a  bed  of  fire-sandstone,  is  found  to  answer  better,  and  to  be  fur  more  durable. 

Before  kindling  the  furnace,  its  inner  surface  is  smeared  with  a  mixture  of  fire-clay 
and  water. 

The  cast  pigs,  or  blocks  of  crude  copper,  are  piled  upon  the  hearth,  each  successive 
layer  crossing  at  right  angles  that  which  is  beneath  it,  in-  order  that  the  flame  may 
have  access  to  play  upon  the  surface  of  the  hearth,  and  to  heat  it  to  a  proper  pitch  for 
making  the  metal  flow. 

The  weight  of  the  charge  should  be  proportional  to  the  capadty  of  the  furnace,  and 
such  that  Uie  level  of  the  metallic  bath  may  be  about  an  inch  above  the  nozzle  of  the 
bellows ;  for,  were  it  higher,  it  would  obstruct  its  operation,  and,  if  too  low,  the  stream 
of  air  would  strike  but  imperfectly  the  sur£ftce  of  the  metal,  and  fail  to  efi&ct,  or 
would  at  least  retard,  the  refining  process,  by  leaving  the  oxidation  and  volatilisation 
of  the  fordgn  metals  incomplete. 

As  the  scoriae  form  upon  the  svaihce,  they  are  drawn  off  with  an  iron  rabble  fixed 
to  the  end  of  a  wooden  rod. 

Soon  after  the  copper  is  melted,  ehazooal  is  kindled  in  three  iron  batint  lined  vith 
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loam,  placed  alongside  the  furnace,  to  |)repare  them  for  receiying  their  charge  of 
copper,  which  is  to  be  converted  in  Uiem,  into  rosettes. 

The  bellows  are  not  long  in  action  before  the  bath  assumes  a  boiling  appearance ; 
some  drops  rise  up  to  the  roof,  others  escape  by  the  door,  and  fall  in  ^  shower  of 
minute  spherical  globules.  This  phenomenon  proves  that  the  process  is  going  on 
well;  and,  when  it  ceases,  the  operation  is  nearly  completed.  A.  small  proof  of 
copper,  of  the  form  of  a  watch-case  and  therefore  called  manire,  is  taken  out  from 
time  to  time  upon  the  round  end  of  a  polished  iron  rod,  previously  heated.  This  rod 
is  dipped  2  or  3  inches  into  the  bath,  then  withdrawn  and  immersed  in  cold  water. 
The  copper  cap  is  detached  from  the  iron  rod  bv  a  few  blows  of  a  hammer,  and 
judgment  is  formed,  from  its  thickness,  colour,  and  polish,  as  to  the  degree  of  purity 
which  the  copper  has  acquired.  These  watches  need  not  be  drawn  till  the  small  rain, 
above  spoken  of,  has  ceased  to  fa.VL  At  the  end  of  about  11  hours  of  firing,  the 
numerous  small  holes  observable  in  the  first  toaioh  samples  begin  to  disappear ;  the 
outer  surface  passes  from  a  bright  red  to  a  darker  hue,  the  inner  one  becomes  of  a 
more  uniform  colour,  and  always  less  and  less  marked  with  yellowish  spots.  It  has 
acquired'  the  greatest  pitch  of  purity  that  the  process  can  bestow  when  the  ioatches 
become  of  a  dark  crimson  colour. 

Care  must  be  taken  to  stop  this  refining  process  at  the  proper  time ;  for,  by  unduly 
prolonging  it,  a  small  quantity  of  cuprous  oxide  would  be  formed,  which,  finding 
nothing  to  reduce  it,  would  render  the  whole  body  of  the  copper  hard,  brittle,  and 
incapable  of  lamination. 

The  tuyhe  being  closed,  the  basins  must  be  emptied  of  their  burning  charcoal,  and 
the  melted  copper  allowed  to  flow  into  them  through  the  tap-hole,  which  is  then 
stopped  with  loanL  Whenever  the  surface  is  covered  with  a  solid  crust,  it  is  sprinkled 
with  water;  and  as  soon  as  the  crust  is  about  1^  inch  thick  it  is  raised  upon  hooks 
above  the  basin,  to  drain  ofif  any  drops,  and  then  carried  from  the  furnace.  If  these 
cakes,  or  rosettes,  be  suddenly  cooled  by  plunging  them  immediately  into  water,  they 
assume  a  fine  red  colour,  from  the  formation  of  a  film  of  oxide. 

Each  refining  operation  produces,  in  about  12  hours,  l^ths  ton  of  copper,  with  the 
consumption  of  about  }ths  of  a  ton  of  dry  wood. 

Care  should  be  taken  that  the  copper  cake,  or  rosette,  be  perfectly  solidified  before 
plunging  it  into  water,  otherwise  a  very  dangerous  explosion  might  ensue.  On  the 
other  hand,  the  cake  i^ould  not  be  allowed  to  cool  too  long,  lest  it  get  oxidised  upon 
the  surface,  and  lose  those  fine  red,  purple,  and  yellow  shades,  due  to  a  film  of  the 
suboxide,  which  many  dealers  admire. 

When  antimony  or  oxide  of  copper  are  combined  with  copper,  they  occasion  the 
appearance  of  micaceous  scales  in  the  fractured  faces.  Such  metal  is  hard,  brittle, 
yellowish  within,  and  can  be  neither  laminated  nor  wire-drawn.  These  defects  are 
not  owing  to  arsenic,  as  was  formerly  imagined  ;  but,  most  probably,  to  antimony  in 
the  lead,  which  is  sometimes  used  in  refining  copper.  They  are  more  easily  prevented 
than  remedied. 

According  to  Mr.  Fr^rejean,  proprietor  of  the  great  copper  works  of  Vienne,  in 
Dauphiny,  too  low  a  temperature,  or  too  much  charcoal,  gives  to  the  metal  a  cubical 
structure,  or  that  of  divergent  rays ;  in  either  of  which  states  it  wants  tenacity.  Too 
high  a  temperature,  or  too  rapid  a  supply  of  oxygen,  ^ves  it  a  brick-red  colour,  a 
radiated  crystallisation  without  lustre,  or  a  very  fine  grain  of  indeterminate  form ;  the 
last  structure  being  unsuitable  for  copper  that  is  to  be  worked  under  the  hammer  or 
in  the  rolling-miU.  The  form  which  indicates  most  tenacity  is  radiated  with  minute 
fibres  glistening  in  mass.  Melted  copper  will  sometimes  pass  successively  through 
these  three  states  in  the  space  of  ten  minutes. 

Fig*  682  represents  a  roasting  mound  of  copper  pyrites  in  the  Lower  Hazz,  near 
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Goslar,  where  a  portion  of  the  sulphur  is  collected.  It  is  a  vertical  section  of  a  trun- 
cated c|uadrangular  pyramid.  A  layer  of  wooden  billets  is  arranged  at  the  Immo  of  the 
pyramid  in  the  line  a  a. 
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c,  a  wooden  diimney,  which  standB  in  the  centre  of  the  mound,  with  a  small  pile  of 
charccal  at  its  bottom ;  b  b  tuce  large  lumps  of  ore  surrounded  bv  smaller  pieces ; 
//,  are  rubbish  and  earUi  to  form  a  covering.  A  current  of  air  is  admitted  under  the 
billets  by  an  opening  in  the  middle  of  each  of  the  four  sides  of  the  base,  a  a,  so  that 
two  principal  currents  of  air  cross  under  the  vertical  axis,  c,  of  the  truncated  pyramid, 
as  indicat&d  in  the  figure. 

The  fire  is  applied,  through  the  chimney,  c,  to  the  charcoal  at  its  bottom ;  the 
pile,  b  b,  is  kindled,  and  the  sulphurous  ores  are  raised  to  such  a  high  temperature  as 
to  expel  the  sulphur  in  the  state  of  vapour. 

In  the  Lower  Harz  a  roasting  mound  continues  burning  during  four  months.  Some 
days  after  it  is  kindled  the  sulphur  begins  to  exhale,  and  is  condensed  by  the  air  at 
the  upper  surface  of  the  pyramid.  "When  this  seems  impregnated  wiu  it,  small 
basins  are  excavated,  in  which  some  liquid  sulphur  collects;  it  is  removed  from 
time  to  time  with  iron  ladles,  and  thrown  into  water,  where  it  solidifies.  It  is  then 
refined  and  cast  into  roll  brimstone. 

A  similar  roasting  mound  contains,  in  the  Lower  Harz,  from  100  to  110  tons  of 
ore  and  730  cubic  feet  of  wood.  It  yields  in  four  months  about  one  ton  and  a  half 
of  sulphur  froin  copper  pyrites.  Lead  ore  is  treated  in  the  same  way,  but  it  fumishei 
less  sulphur. 

There  are  usually  from  4  to  5  roasting  heaps  in  action  at  once  for  each  smelting 
works  of  the  Lower  Hars.  After  the  first  roasting  two  heaps  are  united  to  form  a 
third,  which  is  calcined  anew,  under  a  shed ;  the  ores  are  then  stirred  up  and  roasted 
for  the  third  time,  whence  a  crude  mixture  is  procured  for  the  smelting-house. 

The  most  favourable  seasons  for  roasting  in  the  open  air  are  s^Qg  &ad  autunm ; 
the  best  weather  is  ^a  light  wind  accompanied  with  gentle  rain,  when  the  wind  or 
rain  obstruct  the  operation,  this  inconvenience  is  remedied  by  planks  distributed  round 
the  upper  surface  of  the  truncated  pyramid  over  the  sulphur  basins. 

Wet  Methods  of  ExTBAcnMO  Coppeb. 

The  Process  of  extracting  Copper  from  Ores,  at  the  Mines  in  the  Rio  T^nio  District, 
Province  of  Hudva,  Spain,  by  vohat  is  termed  *  Artificial  Cementation^ — This  method, 
which  was  first  applied  here  by  Don  Felipe  Prieto,  a  mine  proprietor  of  Seville,  in  the 
year  1845,  is  the  only  one  employed  in  tiio  present  day  in  the  copper-mines  of  that 
district 

The  operation  begins  with  the  calcination  of  the  ores,  previously  reduced  to  small 
pieces ;  piles  or  heaps  of  these  ores  (sometimes  in  the  form  of  cones)  are  made  on 
beds  of  stubble  fire-wood  of  about  a  ^rard  thick ;  each  pile  is  made  up  with  from  400 
to  500  tons  of  mineral,  and  allowed  to  bum  for  six  months ;  the  smoke  destroying 
all  vegetation  within  its  reach. 

The  ores,  after  being  thus  burnt  or  calcined,  are  thrown  into  wooden  troughs  let 
into  the  ground,  about  6  yards  long,  4  wide,  and  \\  deep,  called  ' dissolvers.'  In 
each  of  these  troughs,  or  cisterns,  are  placed  about  twelve  tons  of  calcined  ore,  and 
the  trough  is  then  filled  with  water ;  which  water  is,  after  remaining  in  contact  with 
the  ores  for  forty-eight  hours,  drained  off  into  a  similar  trough  placed  at  a  lower  level, 
and  called  a  *  depositor.'  The  ores  remaining  in  the  dissolver  are  covered  by  a  second 
quantity  of  water,  left  on,  this  time,  for  throe  days ;  and  the  process  repeated  four 
times  successively,  the  water  being  always  drained  off  into  the  same  depositor. 

From  the  depositors  the  water  flows  on  to  another  set  of  troughs  called  *  pilones,' 
into  which  is  placed  a  quantity  of  pig  iron,  broken  into  pieces  of  about  the  size  of  bricks, 
and  piled  loosely  together  so  that  the  vitriol  in  the  water  may  better  act  on  its  whole  sur- 
face. Each  of  these  troughs  {pilones)  will  hold  from  1 2  to  18  tons  of  pig  iron  (wrought 
iron  answers  the  purpose  as  well,  but  it  is  much  more  expensive) ;  and,  as  experience 
has  demonstrated  that  a  slow  continuous  movement  in  the  water  hastens  the  process, 
a  man  is  employed  for  the  purpose  of  agitating  it,  until  all  the  copper  suspended  in 
the  vitriol-water  is  deposited,  which,  in  summer,  is  effected  in  about  2  days,  and  in 
from  3  to  5  days  in  winter.  After  the  water  has  been  renewed  four  or  five  times,  and 
the  agitation  process  repeated,  the  scales  of  copper  deposited  on  the  iron,  as  well  as 
that  in  the  form  of  coarse  erains  of  sand  found  in  the  bottom  of  the  trough,  are  col- 
lected together,  washed,  and  melted,  when  it  is  found  to  produce  firom  65  to  70  percent, 
of  pure  copper. 

From  the  remains  of  the  first  washings  of  the  above  copper-scales,  &c.,  another 
quality  is  obtained,  worth  about  50  per  cent,  for  copper,  which  is  mixed  with  the 
after- washings,  yielding  about  10  per  cent,  of  copper,  and  passed  on  to  the  smelting 
furnace. 

The  method  is  very  defective.  Minerals  containing  5  per  cent,  of  copper,  treated 
by  this  system  of  reduction,  will  scarcely  give  a  produce  of  2  per  cent,  of  that  metaL 
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It  is,  however,  the  only  method  that  haa  hitherto  been  profitably  employed  in  the 
Bio  Tinto  district 

The  produce  of  some  of  the  mines  of  this  district  is  under  1  per  cent,  Aboat  2,500 
tons  of  the  richest  of  the  ores  prodnced  by  the  mines  in  the  Rio  Tinto  district^  are 
shipped  from  Huelva,  a  port  near  SeTille,  for  England ;  and  the  result  has  been  that 
a  Tory  large  industry  has  been  created.    See  Ptsitbs. 

The  Process  of  extracting  Copper  from  the  Water  thai  drains  out  of  the  Mine,  at  Rio 
Tinto,  called  the  *  System  of  Natural  Cementation*  (Precipitation), — ^The  mine  worked 
by  the  Spanish  Government  at  Kio  Tinto  is  formed  in  a  mass  of  iron  pyrites  containing 
copper ;  and  its  immense  labyrinth  of  excavations  is  known  to  extend  over  a  length 
of  600  yards  and  a  width  of  100  yards  (and  probably  to  a  much  greater  extent) ; 
the  earbest  of  which  workings  must  date  back  to.  very  remote  times ;  for  in  the  dif- 
ferent excavations  are  still  to  be  found  the  impressions  of  hands,  evidently  guided  by 
the  science  of  the  ancients,  middle  ages,  and  of  more  modem  times. 

The  sixth,  or  lowest  level  in  the  mine,  where  all  the  operations  of  the  present  day 
are  carried  on,  is  80  yards  deep  (£rom  the  top  of  the  hill  in  which  the  lode  is  found), 
and  it  is  from  this  level  that  the  mine  is  (naturally)  drained  by  an  adit.  From  the 
roof,  at  the  extreme  end  of  a  gallery  at  this  level,  flows,  from  an  unknown  source,  a 
stream  of  water  rich  in  copper,  which,  together  with  the  drainage  from  other  points 
of  the  mine,  is  directed  through  a  channel  to  the  adit  *  San  Boque,'  that  empties  its 
waters  at  the  foot  of  the  hill,  where  the  copper  is  extracted. 

An  able  engineer  has  thus  explained  the  phenomena  of  *  natural  cementation :  '— 
'  The  natural  ventilation  through  the  open  excavations  of  this  mine,  combined  wiUi 
the  humidity  of  the  ground,  produces  a  natural  decomposition  of  the  materials  com- 
posing the  lode  or  vein,  and  thereby  forming  sulphates  of  iron  and  copper,  which  the 
water  is  continually  dissolving  and  carrying  off,  thus  forming  lihe  substance  of  this 
*'  natural  cementation."' 

This  said  adit '  San  Boque,'  which  empties  its  waters  on  the  south  side  of  the 
hill,  has  placed  in  it  two  wooden  launders,  or  channels,  about  12  inches  wide  and 
15  inches  deep,  and  (in  the  year  1853)  400  yards  long;  in  the  bottom  of  these 
launders  are  placed  pieces  of  pig  iron^  and  to  this  iron  adhere  the  particles  of  copper 
which  the  slowly-flowing  water  contained  in  solution.  In  ten  days  the  iron  becomes 
coated  with  copper,  so  pure  as  to  be  worth  80  per  cent,  for  flne-copper,  and  so 
strongly  formed  in  scales  as  to  resist  to  a  certain  extent  the  action  of  a  flle,  and  give 
a  strong  metallic  sound  on  being  struck  with  a  hanmier.  At  the  expiration  of  ten 
days,  or  earlier,  the  scales  of  copper  so  formed  on  the  iron  are  removed,  that  the  surface 
of  the  iron  may  be  again  exposed  to  the  action  of  the  mineral  water ;  and  the  process 
repeated  to  the  entire  extinction  of  the  iron.  The  copper  thus  obtained  passes  at  once 
to  the  refining  furnace. 

Since  1853  it  has  been  discovered  that  the  water  escaping  from  the  launders  in  the 
adit,  400  yards  long,  still  contained  copper,  and  they  have  been  lengthened  to  nearly 
1,000  yards  with  good  efifect 

The  production  of  copper  by  cementation  is  carried  on  not  only  at  Bio  Tinto,  but 
also  at  the  Tharsis  Mines  in  Spain,  and  at  San  Domingos  in  FortugaL 

Ling  Copper  Process. — ^At  Linz  on  the  Bhine,  and  some  other  localities  in  Ger- 
many, the  poorer  sulphides  of  copper,  containing  from  2  to  5  per  cent,  of  that  metal, 
are  treated  by  the  following  process: — 

The  ores  coming  directly  from  the  mine,  and  without  any  preliminary  dressing, 
are  first  roasted  in  a  double-soled  furnace,  and  then  taken  to  a  series  of  tanks  sunk  m 
the  ground,  and  lined  with  basalt  These  tanks  are  also  provided  with  a  donbld 
bottom,  likewise  formed  of  basalt,  so  arranged  as  to  make  a  sort  of  permeable  dia- 
phragm, and  on  this  is  placed  the  roasted  ore,  taking  care  that  the  coarser  fragments 
are  charged  first,  whilst  the  finer  particles  are  laid  upon  them. 

The  cavity  thus  formed  between  the  bottom  of  the  tank  and  the  diaphragm,  or 
fjfilse  bottom,  is  connected,  by  means  of  proper  flues,  with  a  series  of  oblong  retorts, 
through  each  of  which  a  current  of  air  is  made  to  pass  from  a  ventilator,  or  a  pair  of 
lam  bellows,  set  in  motion  by  steam  or  water  power. 

In  order  to  use  this  apparatus,  a  quantity  of  ore  is  roasted  in  the  reverberatory 
frimace,  and  subsequently  placed  in  the  tanks,  taking  care  that  the  first  layer  shall  be 
in  a  coarser  state  of  division  than  those  which  succeed  it 

The  retorts — ^which  are  formed  of  fire  tiles,  and  are  about  6  inches  in  height  by  1  foot 
in  width  and  6  feet  in  length — are  now  brought  to  a  red  heat,  charged  with  blende, 
and  the  blast  applied. 

The  sulphurous  acid  thus  formed  is  forced  by  the  draught  through  the  flues,  where 
it  becomes  mixed  with  nitrous  fumes,  obtained  from  a  mixture  of  nitrate  of  soda  and 
sulphuric  acid,  and  ultimately  passes  into  the  chambers  beneath  the  diaphragms  on 
whidi  axe  laid  the  roasted  ores,  which  must  be  previously  damped  by  the  addition  of  a 
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little  water,  of  which  a  small  qoantity  is  also  placed  in  the  bottoms  of  the  tanks. 
The  stdphorio  add  thus  generated  attacks  the  oxide  of  copper  formed  dnring  the  pre- 
liminaiy  roastinc,  giving  rise  to  the  production  of  snlphate  of  copper,  which  percolates 
throngh  the  bas^tic  diaphragm  into  the  reservoir  beneath. 

The  liquors  which  thus  accumulate  are  firom  time  to  time  distributed  over  the 
sur^Me  of  the  ore,  and  the  operation  repeated  until  the  greater  portion  of  the  copper 
has  been  extracted,  when,  by  shifting  the  damper,  toe  gases  are  conducted  into 
another  tank  similarly  arranged.  The  liquors  £rom  the  first  basin  are  now  pumped 
into  the  second,  and  the  operation  continued  until  the  ores  which  it  contains  have 
ceased  to  be  acted  on  by  the  acid.  When  sufficiently  saturated,  the  liquors  are  drawn 
off  into  convenient  troughs,  and  the  copper  precipitated  by  means  of  scrap  iron.  The 
sulphate  of  iron  thus  formed  is  subsequently  crystallised  out,  and  packed  into  casks 
for  sale. 

On  removing  the  attacked  ores  from  the  tank,  the  finer  or  upper  portions  are  thrown 
away  as  entir^y  exhausted,  nearly  the  whole  of  the  copper  having  been  removed  from 
them,  whilst  the  coarser  fragments  are  crushed  and  re-roasted,  and  finally  form  the 
upper  stratum  in  a  subsequent  operation. 

*^  It  has  been  found  that,  by  operating  in  this  way,  ores  yielding  only  1  per  cent,  of 
copper  may  be  treated  with  considerable  advantage,  since  the  sulphate  of  iron  pro- 
duced, and  the  increased  value  of  the  roasted  blende,  are  alone  sufficient  to  cover  the 
expenses  of  the  operation. 

By  this  process,  8  cwts.  of  coal  are  said  to  be  required  to  roast  one  ton  of  ore,  whilst 
the  same  quantity  of  blende  is  roasted  by  an  expenditure  of  4  cwts.  of  fueL 

TreaimmU  of  Gcpper  Ores  by  HydrooMorie  Acid, — ^At  a  short  distance  from  the  village 
of  Twiste,  in  the  Waldeck,  several  considerable  bands  of  sandstone,  more  or  less  im- 
pregnated with  green  carbonate  of  copper,  have  been  long  known  to  exist.  Although 
varying  considerably  in  its  produce,  this  ore,  on  the  avera^,  yields  2  per  cent  of 
copper,  and  was  formerly  raised  and  smelted  in  large  quantities ;  but  this  method  of 
treatment  not  having  apparently  produced  satis^iietory  results,  the  operations  were 
ultimately  abandoned. 

The  insoluble  nature  of  the  granular  quartzitic  gang|ue  with  which  the  copper  is 
associated,  suggested,  some  jean  since,  to  Mr.  Rhodius,  of  the  Limi  Metallurgie 
Works,  the  possibility  of  treating  these  ores  by  means  of  hydrochloric  add,  and  a  large 
establishment  fnr  this  purpose  was  ultimately  the  result.  The  following  is  a  descrip- 
tion of  this  process,  as  witnessed  by  Mr.  J.  A.  Phillips,  in  1856  : — 

These  works  consist  of  a  crushing  mill,  for  the  reduction  of  the  cupreous  sandstone 
to  a  small  dze,  16  dissolving  tubs,  and  a  considerable  number  of  tanks  and  reservoirs 
for  the  reception  of  the  copper-liquors  and  the  predpitation  of  the  metal  by  means  of 
scrap-iron.  Each  of  the  16  dissaving  tubs  is  13  feet  in  diameter,  and  4  feet  in  depth, 
and  furnished  with  al  ar^  wooden  revolving  agitator,  set  in  motion  by  a  run  of  over- 
head shafting  in  connection  with  a  powerfid  water-wheeL  This  arrangement  admits 
of  the  daily  treatment  of  20  tons  of  ore,  and  the  consequent  production  of  from  7  to 
8  cwts.  of  copper.  Each  operation  is  completed  in  24  hours,  the  liquor  being  removed 
from  the  tanlm  to  the  predpitating  trough  by  the  aid  of  wooden  pumps,  ^e  ore  is 
s^opoi  and  brought  into  the  works  at  4«.  per  ton. 

The  add  employed  at  Twiste  is  obtained  from  the  alkali  works  in  the  ndghbour- 

hood  of  Frankfort,  contains  16  per  cent,  of  real  add,  and  costs,  delivered  at  the  woi^, 

2s,  per  100  lbs.    Each  ton  of  sandstone  treated  requires  400  lbs.  of  add,  which  is 

diluted  with  water  down  to  10  per  cent,  before  being  added  to  the  ore.    Every  ton  of 

•  copper  predpitated  requires  1^  ton  of  scrap  iron,  at  41.  58.  per  ton. 

Qjiese  works  yielded  in  1857, 120  tons  of  metallic  copper,  and  afibrded  a  net  profit  of 
nearly  50  per  cent.  The  residues  from  the  washing  vats,  run  off  after  the  operation, 
contained  but  ^jth  ^r  cent,  of  copper. 

The  works  at  Twiste  were  ultimately  abandoned  on  account  of  a  falling  off  in  the 
yield  of  the  ores. 

Humid  Process  of  extracting  Copper  from  Burnt  Cupreous  Pyrites. — ^Very  large 
quanUties  of  cupreous  pyrites,  amounting  in  the  aggregate  to  about  400,000  tons  per 
annum,  are  imported  into  this  country  from  Spain  and  Portugal.  The  sulphur  is 
utilised  in  the  manufacture  of  sulphuric  acid,  and  from  the  burnt  residue  the  large 
quantity  of  1,200  tons  of  copper  is  annually  extracted. 

The  burnt  pyrites  contains  on  the  average  2^  to  3  per  cent,  of  sulphur,  and  3  to  8  J 
per  cent,  of  copper.  The  extraction  of  the  latter  is  ^Eected  as  follows : — The  ore  is 
ground  between  rolls  or  under  edge  runners,  and  a  sufficient  quantiU*  of  unbumt 
sulphur  added  to  it  to  raise  the  per-centage  of  sulphur  to  an  amount  slightly  in  excess 
of  itke  copper,  at  the  same  time  a  suffident  quantity  of  salt,  to  convert  the  copper  into 
chloride,  is  introduce.  This  mixture  passes  through  a  sieve  of  about  36  holes  to  the 
square  inch,  aud  is  then  ready  for  roasting,  which  is  commonly  effected  m  reverbera- 


Digitized  by  VjOOQIC 


936  COPPER 

tory  furnaces  having  flues  beneatli  the  bod  through  which  the  flame,  passes  before 
coming  into  contact  with  the  ore.  The  furnaces  are  sometimes  supplied  with  inde- 
pendent flreplaces,  but  more  frequently  a  series  of  them  is  worked  by  gas  generated 
in  Siemens's  producers.  A  form  of  furnace  is  also  employed,  in  some  cases,  inj^iieh 
the  ore  is  placed  in  a  sort  of  muffle,  between  which  and  the  outer  walls  of  the  furnaces 
the  flames  are  allowed  to  play ;  in  this  arrangement  the  flame  and  products  of  com- 
bustion do  not  come  into  contact  with  the  ore. 

The  mixture  is  charged  into  the  furnaces  through  hoppers  in  the  arch,  and  spread 
evenly  over  the  bed  to  a  depth  of  4  to  5  inches,  a  charge  usually  consisting  of  about  3 
tons ;  this  is  stirred  and  rabbled  from,  time  to  time  in  order  to  expose  fresh  surfaces 
to  oxidation,  the  temperature  not  being  allowed  to  exceed  a  dull  redness.  Hydro- 
chloric acid  is  evolved  during  the  roasting,  and  is  conveyed  to  a  condenser,  from 
which  a  weak  acid  solution  is  obtained,  which  is  subsequently  employed  in  the  lixivia- 
tion  of  the  roasted  ore. 

After  the  expiration  of  about  6  to  6^  hours  the  whole  of  the  copper  in  the  ore 
should  have  been  converted  into  a  soluble  chloride :  a  sample  is  taken  from  eadi 
furnace  and  washed  tw»  or  three  times  with  hot  water  and  a  little  dilute  hydrodilorie 
acid,  the  residue  is  then  treated  with  nitric  acid,  and  the  solution  obtained  rendered 
alkaline  by  the  addition  of  ammonia ;  should  more  than  a  trace  of  blue  colour  be  dis- 
cernible in  the  solution,  the  sulphide  of  copper  in  the  mixture  has  not  been  decoiiqK)sed, 
and  the  roasting  must  be  prolonged  until  a  satisfactory  test  can  be  obtained.  The 
charge  is  then  c&awn  out  on  to  the  floor  of  the  furnace-house  and  allowed  to  cool  con- 
siderably, after  which  it  is  transferred  in  iron  tram-waggons  to  wooden  lixiviating 
vats  capable  of  holding  about  16  tons,  and  provided  with  false  bottoms,  over  which  a 
layer  of  cinders  is  spread  to  serve  as  a  fllter. 

The  hot  roasted  ore  is  then  treated  with  hot  water,  and  flnally  with  a  little  hydro- 
chloric add ;  the  stronger  solutions  are  readj  for  precipitation  by  means  of  metallic 
iron,  whilst  the  weaker  are  run  into  a  reservoir,  whence  they  are  pumped  back  and  serre 
as  washing-water  to  a  fr^sh  lot  of  fumaced  ore,  and  so  in  turn  become  strong  solutions. 

In  many  works  Uie  silver  present  in  these  solutions  is,  previously  to  the  precipita- 
tion of  the  copper,  extracted  by  Glaudet's  process,  which  consists  in  mixing  withuiem 
a  quantity  of  a  soluble  iodide,  usually  that  of  potassium,  sufficient  to  combine  with 
the  silver  present,  which  amounts  to  from  3  to  4  grains  per  gallon.  The  insoluble 
iodide  of  silver  is  allowed  to  subside,  and  the  copper  solution  drawn  off  from  it  into 
the  precipitating  vats. 

Vfhbn  a  considerable  quantity  of  iodide  of  silver  has  been  collected,  it  is  well  washed 
to  free  it  from  copper,  and  whilst  suspended  in  water,  metallic  zinc  in  thin  fragments, 
is  added,  and  the  whole  kept  boiling  by  a  jet  of  steam.  The  iodide  of  silver  is  thus 
decompoised,  and  metallic  silver  and  solution  of  iodide  of  sine  produced ;  the  latter 
serves  to  precipitate  a  fresh  quantity  of  silver,  whilst  the  former  after  being  dried  is 
ready  for  the  smelter. 

The  cop^  present  in  the  strong  solutions  is  predintated  in  large  wooden  vats,  by 
immersing  in  tnem  scrap  wrought  iron ;  if  the  sdution  be  kept  boiling  by  a  steam  jet, 
the  precipitation  is  completed  in  about  12  hours.  l%e  spent  liquid,  which  is  valueless, 
is  drawn  off  by  a  siphon  from  the  predintated  copper,  and  the  latter  freed  from  iron 
by  washing  through  perforated  plates.  After  being  allowed  to  drain,  the  precipitate 
is  dried  on  a  bed  of  fire-tiles  heated  by  flues  passing  beneath,  and  is  then  ready  for 
smelting ;  it  contains,  on  the  average,  70  to  75  per  cent  of  fine-metaL 

The  material  firom  which  the  copper  has  been  washed  should  contain  about  -^th  per 
Cent,  of  that  metal,  and  when  good  pyrites  have  been  used,  consists  almost  entirely  of 
sesquioxide  of  iron :  it  is  largely  employed  under  t^e  name  of  *  Purple  ore '  or  *  Blue 
Billy  *  for  the  fettling  of  nuddling  furnaces.    See  PrarrEs. 

AldeHey  Edge  in  Cheshire. — ^The  hydrochloric  acid  process  is,  at  the  present  time, 
carried  on  to  a  considerable  extent  at  Alderley  Edge  in  Cheshire,  where  the  ore  is  in 
many  respects  similar  to  that  at  Twiste,  with  the  exception  that  in  the  last-mentioned 
locaHty,  mechanical  agitation  is  dispensed  with,  and  the  add  is  pumped  from  beneath 
the  false  bottom  of  one  tank  to  the  top  of  the  next,  in  order  that  the  whole  solvent 
power  of  the  add  may  be  utilised.  The  hvdrochloric  add  process  was  originally  in- 
troduced at  Alderley  Edge  by  Mr.  W.  Hende^on,  who  protected  his  method  by  a  pro- 
visional Spedfication,  dat^  September  80,  1857.  Another  specification  was  filed  by 
Mr.  Henderson  in  1859,  which  included  the  extraction  of  copper  from  pyrites  by  con- 
verting the  copper  into  chloride  by  caldnation  with  common  salt — a  process  dmilar  to 
that  originally  suggested  by  Mr.  Longmaid,  and  now  extensively  applied  to  the 
treatment  of  Dumt  pyrites.  The  sandstone  of  the  curious  elevation  above  the  plain 
of  Cheshire,  known  as  Alderley  Edge,  is  impregnated  with  copper  existing  in  the  state 
of  blue  and  green  carbonates.  The  beds  containing  this  copper  lie  at  a  abort 
distance  below  the  surface,  4nd  are  therefore  easily  woiked. 
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Tfca  qnandtieB  of  ore  raised  and  copper  obtained  are  given  as  follow  in  the  'Mineral 
Statistics '  for  the  last  few  jears :— 


Yean                      1                    Ox« 

1 

Pine  Copper 

Tons 

Tons    Cwts. 

1865    .... 

14,904 

207       9 

1866    . 

15,040 

180     10 

1867    . 

15,152 

182       7 

1868    . 

15,016 

165      4 

1869    . 

13,240 

260      0 

1870    . 

6,836 

135      0 

1871     • 

8,608 

172      0 

1872    . 

6,258 

130      0 

Mona  and  Partfs  Mines^  AnaUaea, — The  waters  draining  from  the  enormous  heaps 
aocnmuhited  from  the  old  and  remarkable  workings  of  these  mines  are  collected  in 
large  ponds  and  precipitated  by  iron.  In  1872,  the  Mona  Mine  produced  2,400  tons  of 
copper  ore,  but  tnere  was  no  precipitate ;  but  Fary^s  Mine  produced  155  tons  of  proci* 
pitate  and  2,813  tons  of  copper  ore. 

WicMoto  Mines. — Similar  precipitating  processes  were  carried  on  in  these  mines. 
The  process  is  thus  described  by  Mr.  W.  W.  Smyth,  in  his  *  Mines  of  Wicklow  "and 
Wexford*:— 

From  a  letter  of  xhe  Bey.  William  Henry,  D.D.,  inserted  in  the  *  Fhilosophical 
Transactions '  for  1752,  we  learn  that  the  existence  of  copper  in  solution  in  the  water 
flowing  from  Ballymurtagh  has  only  lately  been  discovered  by  acddent,  but  had 
given  rise  to  extensive  apparatus  where  500  tons  of  iron  were  at  the  same  time 
employed  to  efibct  the  precipitation  of  the  costlier  metal.  The  mode  of  operating  was 
Terr  rude ;  pits  were  aug,  10  feet  long,  4  feet  wide,  and  8  feet  deep,  floored  with  flags 
and  lined  witJi  stone,  and  the  iron  bars  were  laid  on  rough  wooden  beams  flxed  across 
from  wall  to  waU.  Dr.  Heniys  statement  of  the  everlasting  efficiency  of  the  water, 
shows  that,  by  him  at  least,  the  rationale  of  its  action  was  little  understood.  '  Chains 
of  these  pits  are  continued  along  the  stream,  as  far  fufi  the  directors  please,  for  the 
water  never  abates  of  its  quality,  if  it  were  conveyed  from  pit  to  pit  through  a 
thousand.' 

By  this  mode  a  ton  of  the  precipitant  obtained  from  the  pits  yielded  16  cwts.  of  the 
flnest  copper.  Dr.  Rutty  states,  that  in  seven  years  previous  to  1765  the  Cronebane 
water  hi^  yielded  17,260/.,  from  predpitate-copper ;  the  precipitate  a£R>rding  above 
half  of  pure  metal. 

Towards  the  close  of  last  century,  copper  was  obtained  bv  the  same  means  at 
Cronebane  and  Tigroney.  According  to  the  *  Journal  des  Mines,'  vol.  iii.,  it  was 
usual  to  add  to  the  strength  of  the  solution,  by  placing  in  the  water  a  quantity  of 
poor  pyritous  ore  which  has  undergone  a  process  of  roasting.  The  form  of  the  pits  is 
not  described,  but  the  ratio  of  pure  copper  to  the  precipitated  powder  was  only  0'328. 

The  quantity  of  precipitate  or  cementation-copper  exported  to  England  was,  in  1788, 
Hi  tons;  in  1789,  37  tons;  in  1790,  59i  tons. 

During  Mr.  Weaver's  management,  the  water  was  run  into  tanks  in  which  the 
muddy  particles  were  allowed  to  subside,  and  then  passed  into  pits  filled  with  plate  and 
scrap  iron ;  the  quantity  precipitated  during  that  series  of  years  was  442^  tons,  which 
sold  on  an  average  at  271,  Ss,  9d,  per  ton,  being  in  aggregate  value  12,126/. ;  whilst 
the  consumption  of  iron  was  rather  less  than  one  ton  to  the  ton  of  the  precipitate. 

At  the  present  date  the  water  is  economised  at  all  the  Ovoca  Mines,  but  by  a  some- 
what difierent  method  it  is  led  through  a  series  of  narrow  troughs  or  launders,  inclined 
at  angles  of  10^  or  12^,  and  interrupted  at  intervals  by  a  deep  chest  or  *  hutch.'  At 
Tigroney  the  precipitate  is  swept  down  with  brooms  every  night  and  morning  into  the 
hutches,  the  contents  of  which  are  afterwards  mixed,  and  realise  50  to  60  per  cent,  of 
copper.  The  expenses  of  obtaining  it  are  about  3/.  per  ton  for  attendance,  sifting,  &c. 
At  Connarie  people  are  kept  sweeping  down  the  launders  throughout  the  day,  by  which 
means  the  precipitate,  although  more  rapidly  collected,  is  more  impure,  3aelding  but 
43  to  54  per  cent  of  copper. 

M.  Bischoff  junr.  has  patented  a  process  for  obtaining  copper  by  precipitation  which 
certainly  effects  the  separation  of  the  copper  with  great  readiness,  and,  as  he  assures 
us,  witii  great  economy.  His  process  oififers  from  any  other  in  the  circumstance  of 
his  obtaining  the  iron  in  a  peculiar  condition.  He  takes  the  ordinary  iron  pyrites 
(Mundic)t  and  reduces  this  to  a  state  of  coarse  powder.  This  is  then  mixed  with  coke 
and  exposed  to  heat  in  close  furnaces.    The   sulphur  is  volatilised,  and  the  incan- 
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descent  coke  absorbing  all  the  oxygen,  the  iron  is  prerented  firom  oxidising,  and  it 
remains  in  a  metallic  state  combined  -with  some  carbon.  When  this  process  is  com- 
pleted, the  powder  is  drawn  off  into  dose  vessels  and  kept  until  required  for  use, 
carefnlly  guarded  from  the  air.  If  this  preparation  is  thrown  into  a  solution  of 
sulphate  of  copper,  there  is  a  violent  action,  and  the  copper  in  a  metallic  state  is  at 
once  thrown  down.  In  practice,  M.  Bischoff  prefers  spr^ding  out  this  preparation 
in  thin  layers,  and  passing  the  copper  water  through  it.  The  process  has  been  in 
use  at  some  of  the  works  on  the  banks  of  the  Dee,  and,  as  we  understand,  considerable 
iBuccess  has  attended  its  use.  The  only  difficulty  appears  to  be  in  preserving  the  finely- 
divided  metallic  iron  &om  oxidation,  which  is  essentially  necessary  to  the  success  of 
the  process. 

mr,  S.  Higgs  junr.  has  greatly  accelerated  the  process  of  precipitation  by  forcing 
steam  through  the  solution  of  copper  in  which  pieces  of  iron  have  been  placed.  This 
process  has  been  successfully  appbed  by  him  at  Huel  Margery  copper-mine,  St  Ives, 
Cornwall. 

Allots  of  Copfbb. — Copper  forms  the  basis  of  a  greater  number  of  important 
alloys  than  any  other  metaL   With  zinc  it  forms  brass  in  all  its  varieties.  See  Bbass. 

Bronze  and  bell-metal  are  alloys  of  copper  and  tin.  This  compound  is  prepared  in 
crucibles  when  only  small  quantities  are  required ;  but  in  reverberatory  hearths,  when 
statues,  bells,  or  cannons  are  to  be  cast.  The  metals  must  be  protected  as  much  as 
possible  during  their  combination  £rom  contact  of  air  by  a  layer  of  pounded  charcoal, 
otherwise  two  evils  would  result ;  waste  of  the  copper  by  combustion,  and  a  rapid 
oxidation  of  the  tin,  so  as  to  change  the  proportions  and  alter  the  properties  of  the 
alloy.  The  fused  materials  ought  to  be  well  mixed  by  stirring,  to  give  uniformity  to 
the  compound.    See  Bkll-Mbtal  ;  Bbomzb. 

By  an  analysis  of  M.  Berthier,  the  bells  of  the  pendtUes,  or  ornamental  docks, 
made  in  Paris,  are  found  to  be  composed  of  copper  72*00,  tin  26*56,  iron  1*44  per  cent. 

An  alloy  of  100  of  copper  and  14  of  tin  is  said  by  M.  Bussaussy  to  furnish  tools, 
which,  hardened  and  sha^ned  in  the  manner  of  the  andents,  afford  an  edge  nearly 
equal  to  that  of  sted  (?). 

Cymbals,  gongs,  and  the  tam-tams  of  the  Chinese  are  made  of  an  alloy  of  100  of 
oopgiwit  with  about  25  of  tin.  To  give  this  compound  the  sonorous  property  in  the 
hi^est  degree,  it  must  be  subjected  to  sudden  refrigeration.  M.  B'Arcet,  to  whom 
this  discovery  is  due,  recommends  to  ignite  the  piece  after  it  is  cast,  and  to  plunge  it 
immediately  into  cold  water.  The  sudden  cooling  gives  the  partides  of  the  alloy 
such  a  disposition  that,  with  a  regulated  pressure  by  skilftd  hammering,  they  mav  be 
made  to  shde  over  each  other,  and  remain  permanently  in  their  new  position.  V/hen 
bv  this  means  the  instrument  has  received  its  intended  form,  it  is  to  be  heated  and 
allowed  to  cool  slowly  in  the  air.  The  partides  now  take  a  different  arrangement 
firom  what  they  would  have  done  by  sudden  refrigeration ;  for,  instead  of  being  ductile, 
they  possess  such  an  elasticity,  that,  on  being  displaced  by  a  slight  compression,  they 
return  to  their  primary  position  after  a  series  of  extremely  rapid  vibrations ;  whence 
a  very  powerful  sound  is  emitted.  Bronze,  bell-metal,  and  probably  all  other  idloys 
of  tin  with  copper,  present  the  same  peculiarities. 

Some  valuable  researches  on  alloys  of  copper  and  tin  have  recently  been  made  by 
M.  Alfred  Biche  {Annales  de  CUmie  et  de  Pkytique,  xxx.  [4],  1873,  p.  851).  It  has 
been  asserted  that  the  Chinese  work  their  bronze  at  a  rea  neat,  but  M.  Biche  has 
succeeded  in  making  tam-tams  by  manipulating  his  bronze  at  much  lower  tempera- 
tures. 

The  bronze-founder  should  study  to  obtain  a  rapid  fosion,  in  order  to  avmd  the 
causes  of  waste  indicated  above.  Keverberatoiy  furnaces  have  been  long  adopted  for 
this  operation;  and  among  these,  the  elliptical  are  the  best.  The  furnaces  with 
spheroidal  domes  are  used  by  the  bell -founders,  because,  their  alloy  being  more  fusible, 
a  more  moderate  heat  is  required ;  however,  as  the  rapidity  of  the  process  is  always 
a  matter  of  consequence,  they  also  would  find  advantage  in  employing  the  ellipti<»l 
hearths.    Coal  is  now  universally  preferred  for  fud. 

The  process  of  coating  copper  with  tin  exemplifies  the  strong  affinity  between  the 
two  metals.  The  copper  surface  to  be  tinned  is  first  deaned  with  a  smooth  sand- 
stone ;  it  is  then  heatieid  and  rubbed  over  with  a  little  sal-ammoniac,  till  it  be  perfectly 
dean  and  bright ;  the  tin,  along  with  some  pounded  resin,  is  nowpLsured  on  the  copper, 
which  is  made  so  hot  as  to  melt  the  tin,  and  allow  of  its  bdng  spread  over  the  surmce 
with  a  dossil  or  pad  of  tow.  The  la^rer  thus  fixed  on  the  copper  is  exceedingly  thin. 
Ba^n  found  that  a  copper  pan,  9  inches  in  diameter  and  8j-  inches  deep,  being 
weighed  immediately  before  and  after  tinning,  became  only  21  grains  heavier.  Now 
as  the  area  tinned,  induding  the  bottom,  amounted  to  155  square  inches,  1  grain  of 
tin  had  been  spread  over  nearly  7^  square  inches ;  or  onlj  20  grains  over  every  sq.  foot. 

Copper  and  Arsenic  form  a  white-coloured  alloy,  sometimes  used  for  the  'scales  of 
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thermometers  and  barometers,  for  dials,  candlesticks,  &c  To  form  this  compound, 
successiye  layers  of  copper  clippings  and  white  arsenic  are  put  into  an  earthen  cruciblo.; 
which  is  then  covered  with  sea-salt,  closed  with  a  lid,  and  gradually  heated  to  redness. 
If  2  parts  of  arsenic  have  been  used  with  5  of  coppar,  the  resulting  compound  com- 
monly contains  one-tenth  of  its  weight  of  metdlic  arsenic.  It  is  white,  sli^hUy 
ductile,  denser,  and  more  fusible  than  copper,  and  without  action  on  oxygen  at  ordinary 
temperatures ;  but,  at  higher  heats,  it  is  decomposed  with  the  exhalation  of  arsenious 
adcL  The  white  copper  of  the  Chinese  consists  of  40*4  copper;  31-6  nickel;  254 
zinc;  and  2*6  iron.  This  alloy  is  nearly  silver  white;  it  is  very  sonorous,  well 
polished,  malleable  at  common  temperatures,  and  even  at  a  cherry  red,  but  very  brittle 
at  a  red-white  heat.  When  heated  with  contact  of  air,  it  oxidises,  burning  with  a 
white  flame.  Its  specific  gravity  is  8'432.  When  worked  with  great  care,  it  may 
be  reduced  to  thin  leaves  and  wires  as  small  as  a  needle.    See  Gebmait  Silver. 

Tutenag,  formerly  confounded  with  white  copper,  is  a  different  composition  from 
the  above.  Keir  says  it  is  composed  of  copper,  zinc,  and  iron ;  and  Dick  describes  it 
as  a  short  metal,  of  a  gre^sh  colour,  and  scarcely  sonorous.  The  Chinese  export  it, 
in  large  quantities,  to  India. 

M.  P61ouze  states  that  an  alloy  of  equal  parts  of  copper  and  nickel  is  greatlv  pre- 
ferable to  an  alloy  which  contains  also  zinc.  Even  2  of  copper  and  1  of  nickel  rorm  a 
valuable  alloy.    See  PrBrrss  (Iron). 

CoppBR,  Statistics  of. — During  a  term  of  about  30  years,  the  copper-mines  have 
sold  their  ores  at  the  public  sales.  The  following  Table,  from  *  Records  of  Mining  and 
Metallurgy,'  by  Messrs.  Phillips  and  Darlington,  represents  the  progress  of  copper 
mining  from  1726  to  1856  :— 

Co'pi]^  Ore  raised  and  sold  in  Comwail  and  Devon  in  Decennial  Periods  for  126 
Years,  from  1725  to  1855. 


Data 

Tkmnaffe 
ofO*i 

Copper 

Amout 

ATtng* 
annual 
Amount 

AT«ra«« 

Prietpcr 

Ton  at 

Copper  Ort 

Inc.  or 

tona 

£ 

ton* 

£     ».      d. 

1726  to  1785 

too 

0 

47,350 

6,480 

7    15    10 

1-00 

1786  „  1745 

120 

6 

56,010 

7,552 

7      8      6 

l']6 

1746  „  17M 

90 

,, 

7 

73,145 

9,879 

7      8      0 

1'52 

1756  „  1765 

(99 

,, 

5 

124,804 

161,970 

7      6      6 

2-61 

1766  „  1775 

178 

,, 

7 

177,883 

26,427 

6    14      6 

4-10 

1776  „  1785 

83 

86,496 

6 

182,700 

80,413 

12 

6      0      2 

4-69 

1786  „  1795 

69 

, , 

4 

,, 

,, 

,, 

1796  „  1805 

187 

53^88 

1 

500,819 

56,403 

H 

8    17      4 

8-70 

1806  „  1815 

108 

62,550 

0 

605,626 

72,630 

8i'a 

8      6      9 

11-20 

1816  „  1835 

171 

75,986 

7 

604,462 

92,627 

8x^ 

6    10      6 

14-29 

1826  „  1835 

1        tis 

108,801 

0 

808,822 

185,231 

8 

5    19      0 

20-86 

1836  „  1845 

I          t40 

111,770 

9 

854,705 

158,840 

7i 

5    15      0 

22-94 

1846  „  1855 
126  years 
70  yean 

1           52 

128,259 

6 

925,191 

162,125 

7* 

5  14    10 

6  9      8 

25-03 

7,884,805 

50,964,388 

572,450 

8% 

From  1855  to  1866  the  following  have  been -the  quantities  of  copper  produced  in 
Cornwall  and  Devonshire : — 


Date 

Valne  of 

Fine  Copper 

Mean  Average 

Average 

Average 
percent, 
produce 

0« 

Ore 

produced 

Price  of  Copper 

Standard 

tons 

A 

tons 

£      s. 

£    s. 

1856 

206,177 

1,241,835 

13,533 

123     0 

103  13 

6  A 

1857 

191,798 

1,201,270 

12,179 

124     0 

140     7 

6{ 

1858 

182,391 

1,057,534 

11,831 

108     2 

131   14 

6 

1859 

181,848 

1,096,207 

11,827 

110     7 

133     6 

6 

1860 

180,883 

1,065,376 

11,797 

107  13 

133  18 

6i 

1861 

180,778 

1,004,915 

11,486 

102  12 

130     1 

6\ 

1862 

183,313 

928,213 

11,662 

100  12 

!     127  13 

6t^ 

1B68 

169,971 

'        832,152 

10,896 

98  17 

1     120     9 

6; 

1864 

165,611 

1        854,116 

10,873 

101     8 

;     124  17 

6r     . 

1865 

159,409 

753,427 

9,850 

94     7 

.     125     3 

H 
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Summary  of  Produce  of  Copper  Ore  and  Copper  for  each  of  the  Ten  Years  ending  1872, 
with  the  respective  Values  and  the  Number  of  Mines  worked. 


Year 

No.  of 
Mines 

Copper  Ore 

Valno 

Oopp« 

Yalne 

tons 

£ 

tons 

£ 

1863 

166 

129,229 

642,944 

8,411 

831,417 

1864 

173 

127,633 

669,919 

7,963 

807,632 

1865 

148 

121,253 

672,618 

7,413 

699,432 

1866 

130 

103,670 

431,083 

6,661 

600.726 

1867 

109 

88,603 

413,683 

6,990 

493,876 

1868 

100 

86,722 

373,006 

6,726 

460,986 

1869 

84 

71,790 

316,364 

6,144 

898,698 

1870 

77 

66,626 

242,227 

4,147 

331,337 

1871 

79 

46,766 

205,026 

3,340 

258,860       ' 

1872 

63 

41,414 

225,402 

2,926 

306,757 

Deyoubbsbs, 


Year 

No.  of 
Hinet 

-  Copper  On 

Value 

Copper 

Talne 

tou 

£ 

tons 

£ 

1868 

24 

40,742 

189,208 

2,486 

246,701 

1864 

19 

37,978 

194,197 

2,309 

234,162 

1866 

21 

38,166 

184,776 

2,337 

228,497 

1866 

21 

84.471 

161,481 

2,248 

206,141 

1867 

23 

31,163 

143,898 

2,036 

167,867 

1868 

20 

30,640 

128,748 

1,941 

162,900 

1869 

18 

22,723 

86,066 

1,394 

108.040 

1870 

16 

24,762 

84,096 

1,458 

105,970 

1871 

14 

24,362 

79,409 

1,342 

104,005 

1872 

12 

23,972 

89,841 

1,203 

124.641 

SummaryJ 

or  the  United  Kingdom  during 

the  last  Ten  I 

'ears. 

Year 

No.  of 
Mines 

Copper  Ore 

Valno 

Copper 

Value 

tons 

£ 

tons 

£ 

1863 

222 

210,947 

1,100,654 

14,247 

1,409.608 

1864 

201 

214,604 

1,166,471 

13,302 

1,350.699 

1866 

203 

198,298 

027,938 

11,888 

1,134,664 

1866 

173 

180,878 

769,118 

11,153 

1,019,168 

1867 

164 

168,644 

699,693 

10,233 

831,761 

1868 

162 

167,336 

642,103 

9,817 

761,602 

1869 

136 

129,963 

619,012 

8,291 

654,065 

1870 

124 

106,698 

437,851 

7,176 

651,309 

1871 

122 

97,129 

387.118 

6,280 

476,143      ; 

1872 

•117 

91,893 

443,738 

6,703 

683,232      ' 

CoPFiB  AsaATiKa. — ^The  substances  which  are  submitted  to  assay  for  copper  arv 
various  ores  of  copper,  slags,  and  other  metallurgical  products,  commercial  yarieUes 
of  copper  and  its  alloys.    The  assays  are  made  by  the  dry  and  wet  methods. 

Dry  Assay,  1.  English  or  Cornish  method, — This  process  is  yery  extensiyely  em- 
ployed in  England ;  all  the  copper  ores  being  bought  and  sold  by  this  method.  The 
mode  of  worlong  by  this  method  varies  somewhat  as  to  the  manipulation,  nature,  and 
proportion  of  fluxes,  form  of  apparatus,  and  other  minute  details ;  but  it  may  be 
regarded  as  consisting  essentially  of  the  four  following  processes : — 

1.  Fusion  for  regtdust  or  sulphide  of  copper  and  iron. 

2.  Boasting  or  Calcination  of  the  regulus  into  oxides  of  copper  and  iroiu 
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3.  ReducHon  or  Fusion  for  coarse-copper ;  the  oxide  of  copper  being  reduced  to  metal, 
and  the  oxide  of  iron  retained  in  the  slag. 

4.  Refining  of  the  coarse-copper. 

All  the  ores  of  copper,  even  rich  carbonates,  are  submitted  to  the  whole  of  the  above 
processes  by  some  assayers ;  part  of  the  processes  are  dispensed  with  by  others,  and  the 
rich  oxidised  ores  fused  direct  for  coarse-copper,  regulus  and  calcination. 

Furnace  and  Implements,    A  wind-furnace  g33 

or  air-furnace — Fig,  633  represents  a  vertical 
section  of  a  furnace  suitable  for  assaying 
copper  ores :  a,  the  fire-place,  lined  with  fire- 
brick, 9  inches  square  by  12  inches  deep;  b,  the 
ash-pit;  c,  fine  or  stack;  d^  damper,  «,  fire- 
brick covers  of  two  sizes,  each  clamped  with  a 
piece  of  flat  bar-iron ;  /,  register  or  iron  ash- 
pit door,  provided  with  a  revolving  disc  of 
sheet-iron,  about  5|  inches  diameter,  having  a 
semicircular  opening ;  g,  the  fire-bars  of  cast* 
or  wrought-iron.  The  draught  is  regulated  by 
means  of  the  damper,  the  register,  or  by  partly 
removing  the  fire-brick  cover.  The  fuel  usea 
is  coke. 

Cornish  Crucibles  of  three  sizes,  (see  Assay). 
Copper  scoop,  fig,  535,  12  inches  in  length,  4 
inches  in  width  at  the  widest  part,  and  1^   . 
inch  at  the  mouth,  provided  with  a  handle 
about  7^  inches  in  length,  for  projecting  the 
fluxes  into  the  crucible.    Iron  moiUdj  fig,  634, 
having  two  hemispherical  cavities,  each  1^  inch 
in  width  and  Jths  of  an  inch  in  depth.  Calcining 
rod,  fia,  687t  28  inches  in  length,  inclusive  of 
the  blade  4  inches  in  length.     Crucible  tongs, 
fig,  636,  represents  those  used  for  general  assay    ^ 
purposes,  those  employed  by  copper  assayers 
are  of  a  different  shape  and  larger  dimensions. 
Flux  spoon  or  ladle,  sieves,  pestle  and  mortar,  ^ 
anvil,  hammer,  chisel,  forceps.     Balance;  it 

should  carry  500  ^ins,  and  turn  with  from  j\th  to  ^^th  of  a  grain.     Weights ;  groin 
weights  are  convenient,  but  special  weights  are  used  by  copper  assayers :  the  heaviest  is 

634  635  636  687 


D 


I 


marked  100,  and  weighs  400  grains,  the  unit  being  subdivided  into  ^.  j^,  ^,  and  ^ 
Fluxes,    Those  employed  arc,  borax  calcined  ;  glass,  greon  or  white,  free  from  oxide 
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of  lead ;  tartar  at  argol ;  UfM^  ^  \  fluorspar,  free  from  copper  or  lead ;  niire ;  ckaredal- 
poufder ;  carbonate  qf  aoda,  dried ;  salt ;  sulphur ;  iron  pyrites,  free  from  copper,  or  tul' 
phide  of  iron.  Befining  flux;  the  product  obtained  by  deflagrating  a  mixture  of  from 
2  to  2|  parts  bj  measure  of  tartar,  3  of  nitre,  and  1  of  8alt---(See  Assay).  The  fluxes 
are  usually  measured,  but  the  better  plan  is  to  weigh  them,  especially  until  experience 
is  gained. 

For  purposes  of  assay  by  this  method,  the  ores,  &&  may  be  oonyeniently  divided 
into :  1.  Ores  containing  over  30  per  cent,  of  copper :  a,  oxides,  carbonates,  silicates,  &c., 
which  require  fusion  for  coarse-cooper  and  refimng;  b,  various  sulphides  comparatively 
pure  or  containing  arsenic  or  antimony,  which  require  <»lcining  '  sweet,'  fusion  for 
coarse-copper  and  refining ;  2.  ores  containing  less  than  about  30  'pet  cent,  of  copper, 
which  require  the  fusion  for  regulus ;  a,  yellow  copper  ores,  with  or  without  iron  pyrites, 
blende,  galena,  &c.,  which  require  partial  calcination  or  warming,  or  the  addition  of 
nitre,  or  both,  to  remove  the  excess  of  sulphur ;  b,  grey  copper  ores,  poor  oxides,  car- 
bonates, silicates,  and  poor  antimonial  and  arsenical  copper  ores,  which  have  been 
roasted  sweet,  which  require  the  addition  of  sulphur  est  of  sulphur  and  iron  cft  iron 
pyrites  to  yield  a  proper  regnliis ;  e,  purple  copper  ore,  mixed  oxides  and  sulphides, 
which  yield  a  proper  regulus  by  direct  fUsion. 

To  assist  in  forming  an  opinion  as  to  the  character  of  the  ore,  nature  of  the 
associated  veiu-stufif,  and  approximate  per-centage  of  copper,  a  portion  of  the  sample 
may  be  vanned  or  washed,  calcined,  or  tested  by  the  mouth  blowpipe,  or  by  a  pre- 
liminary fosion  for  regulus.  This  will  enable  ike  assayer  to  det^mine  beforehand 
how  the  ore  is  to  be  treated. 

For  the  formation  of  a  proper  regulus,  containing  about  60  per  cent,  of  coppor,  the 
following  data  may  serve  as  a  guide : — 

100  grains  of  copper  pyrites  will  require  about  75  graini»  of  nitre  to  yield  a  good 
regulus. 

100  grains  of  iron  pyrites  will  require  about  180  grains  of  nitre  to  oxide  it,  and 
cause  it  to  pass  into  the  slag. 

100  grains  of  grey  copper  ore  or  disulphide  of  copper  will  require  about  60  grains 
of  sulphide  of  iron,  about  82  grains  of  iron  pyrites,  or  about  65  grains  of  hcsmatite  and 
excess  of  sulphur  to  yield  a  proper  regulus. 

The  quantity  of  ore  operated  on  will  vary  from  100  to  400  grains  according  to 
amount  of  copper  present. 

Process:  Fusion  for  regtdus, — ^The  largest  size  Cornish  crucible  is  employed.  The 
raw  or  calcined  ore  is  mixed  with  the  appropriate  fluxes ;  about  from  160  to  200  grains 
each  of  lime,  glass,  borax,  and  fluor-spar,  will  form  a  suitable  mixture  for  many  ores. 
The  nitre,  or  iron  pyrites  or  sulphur,  is  added  according  to  circumstances.  The  crucible 
and  its  contents  are  submitted  to  a  high  temperature  for  about  15  minutes,  and  when 
tranquil  the  fused  products  are  poured  out  into  the  iron  mould,  ^.'634.  When  the 
slag  has  set,  the  imole  is  dipped  into  water,  removed,  and  when  cold  the  regulus 
afterwards  carefully  detached  from  the  slag.  A  good  regulus  is  reddish-brown  in 
colour,  very  tende^r,  and  easily  reduced  to  powder ;  it  should  contain  about  60  per  cent, 
of  copper,  but  may  vary  from  40  to  60  per  cent.  If  the  regulus  is  too  coarse  it  resembles 
iron  pyrites  or  copper  pyrites  in  Appearance,  and  contains  too  much  iron  and  sulphur, 
and  the  ore  requires  more  calcining,  or  the  addition  of  more  nitre  during  fusion.  If  the 
regulus  is  too  Jine,  it  is  black  in  colour,  hard,  and  the  external  surface  is  very  smooth 
and  bright :  it  indicates  that  the  ore  requires  more  sulphur  or  iron  pyrites,  or  a  sub- 
stitute for  them  in  the  fusion.  The  slag  should  be  uniform  in  colour,  but  it  may  be 
white,  green,  or  black,  according  to  the  nature  of  the  ore.  It  should  be  free  ftam.  all 
trace  of  red  colour,  which  would  indicate  the  presence  of  copper.  The  slag  should  be 
examined  for  any  shots  of  regulus. 

Boasting  or  calcination. — ^The  smallest  or  intermediate-sised  crucible  is  used  according 
to  the  weight  of  the  ore  or  regulus.  A  dull  fbre  is  required  to  commence  with.  The 
finely-powdered  substance  is  transferred  to  the  crucible ;  this  is  placed  on  the  top  of 
the  fuel,  mouth  frontwards,  and  in  an  inclined  position  to  &cilitate  oxidation.  The 
substance  is  constantly  stirred  with  the  calcining  rod,  flg.  637,  especially  at  the  first 
part  of  the  operation,  and  the  heat  is  afterwards  increased  to  a  bright  red.  The  cal- 
cination should  be  completed  in  about  30  minutes.  If  any  sign  of  clotting  or  softening 
of  the  particles  occur,  the  crucible  must  be  removed,  and,  if  necessary,  the  product 
repowdered,  mixed  with  some  anthracite-powder  or  coke-dust,  and  recaldned.  Oald- 
nations  may  also  be  made  in  scorifiers  or  roasting  dishes  in  a  muffle  ftimace. 

Fusion  for  coarse»copper. — This  is  effected  in  the  crucible  used  for  calcination.  The 
calcined  ore  or  rqgulus  is  mixed  with  about  from  60  to  150  grains  of  carbonate  of  soda, 
from  60  to  l'50  grains  of  tartar,  and  from  20  to  30  grains  of  borax,  and  exposed  to  a 
high'  temperature  for  about  1 5  minutes.  l%e  temperature  should  be  sufficient  to  reduce 
the  oxide  of  copper  and  melt  the  metal,  and  leave  the  oxide  of  iron  in  the  slag.     The 
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producU  are  ponzed  out  into  tho  ingot  mould,  quenched  in  'water,  and  when  cold  the 
slag  detached  £rom  the  button  of  coarse  or  impure  oopper.  The  character  of  this  will 
vary  according  to  the  impurities  present.  If  any  regulus  is  attached  to  the  upper 
surface  it  indicates  that  the  previous  calcination  has  been  imperfect,  and  the  assay  of 
the  ore  must  be  repeated.  Tne  slag  should  be  black,  and  f^  from,  all  trace  of  red 
colour.  If  the  fusion  has  been  properly  made,  the  slag  will  not  require  to  be  deaned 
Or  to  be  re-fVised  with  reducing  agents ;  although  it  is  customary  for  some  assayers  to 
clean  all  such  slags.  When  raw  or  calcined  ores  are  fdsed  for  coarse-copper  the 
addition  of  more  carbonate  of  soda  and  borax  are  generally  necessary.  A  little  lime 
or  oxide  of  iron  may  also  be  added  with  ores  comparatively  £ree  firom  vein-staff,  to  keep 
the  slag  firee  from  oxide  of  copper :  nitre  and  tartar  are  also  used  for  reduction,  instead 
of  the  carbonate  of  soda  and  tartar. 

R^nmg, — This  may  be  conducted  in  the  crucible  which  has  been  used  for  the  pre- 
vious process.  If  a  new  one  is  employed  a  little  borax  should  be  previously  fused  in 
\U  A  hot  fire  is  necessary.  The  crucible  is  fixed  in  the  fiiel  so  that  the  process  can 
be  easily  observed  through  the  space  of  the  fire-brick  covers,  and  when  hot  the  copper 
button  is  thrown  in.  W^en  the  sui£&ce  of  the  metal  appears  bright  and  clean  about 
ftam  100  to  150  grains  of  the  refining  flux  are  quickly  projected  from  the  copper  tcoop, 
fiq,  585,  upon  it,  and  the  Aimace  closed.  After  the  lapse  of  about  8  minutes  the  cru- 
cible is  removed  and  the  contents  poured  out  into  the  mould.  The  button  should  be 
fiiat  and  have  a  pit  or  depression  on  the  upper  surface.  The  firactore  is  generally  dull, 
granular,  and  of  a  red  colour,  or  finely  fibrous  or  silky,  and  of  a  salmon-red  colour. 
The  staff  varies  somewhat  in  colour ;  it  should  be  grey,  flesh-colour,  pink,  or  pale  red. 
It  is  powdered,  re-ftised  with  tartar  or  other  reducing  agents  for  about  10  minutes,  the 
product  poured  out,  and  carefully  examined  for  any  s^ts  of  metal  it  may  contain. 
\V1th  some  assayers  it  is  customary  to  submit  impure  copper  buttons  to  one  or  more 
fMukmgt  previous  to  refining.  In  wathAng,  the  metal  and  refining  fiuxes  are  pro- 
jected together  into  the  crndble  and  the  raoduct  poured  out  wheniiised. 

Th$fotlowinf  is  another  Method  of  conducting  "the  Cornish  Process. — A  portion  of  the 
iwunded  and  sifted  ore  ia  first  burnt  on  a  shovel,  uid  examined  as  to  its  supposed 
richness  and  the  amount  of  sulphur,  arsenic,  and  other  impurities  it  may  eontain.  A 
Httle  practice  in  this  Operation  wiU  enable  the  operator  to  judge  with  considerable 
accuracy  of  the  quantity  of  nitre  necessary  in  order  to  obtain  a  good  regulus. 

Fusion  for  reaulus, — Two  hundred  grains  of  the  mixed  ore  are  now  weighed  out  and 
careftilly  mixed  with  a  fiux  consisting  of  nitre,  borax,  lime,  and  fiuor-spar,  and  the 
ftision  for  matt  or  regulus  is  begun.  The  quantity  of  nitre  used  will  of  course  vary 
with  the  amount  of  sulphur  and  arsenic  present ;  but  the  other  ingredients  are  com- 


monly employed  in  the  following  proportions: — ^Borax,  5  dwts.;lime,  l^ladlefhl; 
fluor-spar,  1  ladleM.'  After  being  placed  in  the  crucible,  the  whole  is  generally 
covered  by  a  thin  stratum  of  common  salt  After  remaining  in  the  fire  for  about  a 
quarter  of  an  hour,  the  fusion  will  be  found  complete,  and  the  contents  of  the  pot  may 
be  poured  into  a  suitable  iron  mould.  The  button  of  regulus  is  now  examined,  in 
order  to  determine  whether  a  suitable  proportion  of  nitre  has  been  used.  If  the  right 
quantity  has  been  employed,  the  button,  when  broken,  should  present  a  granular 
nacture,  and  yield  from  *  8  to  10  for  20 '  of  copper,  us,  Aram  40  to  50  per  cent.  How- 
ever ranik  a  sample  may  be,  it  should  never  be  mixed  with  above  9  or  9^  dwts.  of  nitre ; 
and  if  the  amount  of  sulphor  be  small,  3  dwts.  are  often  sufficient.  The  grey  sulphides, 
the  red  and  black  oxides,  and  carbonates,  have  sulphur  added  to  them  for  the  purpose 
of  obtaining  a  regulus.  Highly-sulphurised  samples,  requiring  above  9^  dwts.  of 
nitre,  are  sometimes  treated  in  a  difierent  way.  In  this  case  the  ores  are  first  care- 
fully roasted,  and  afterwards  fused  with  about  6  dwts.  of  nitre,  9  dwts.  of  tartar,  and' 
8  dwts.  of  bOTax. 

Roasting, — ^The  roasting  of  the  regulus  thus  obtained  is  performed  in  a  smaller 
<drucible  than  that  used  in  the  fusion  for  matt.  During  the  first  quarter  of  an  hour, 
a  very  low  temperature  is  sufficient.  The  heat  is  then  increased  to  Ml  redness,  and 
the  assay  allowed  to  remain  on  the  fire  for  a  farther  period  of  about  20  minutes. 
During  the  first  15  minutes  it  should  be  kept  constantlv  stirred  with  a  slender  iron 
rod ;  but  afterwards,  an  occasional  stirring  will  be  found  sufficient  When  nearly  the 
whole  of  the  sulphur  and  arsenic  has  been  expelled,  the  temperature  must  be  raised- 
nearly  to  whiteness  during  a  few  minutes,  and  the  assay  then  witjidrawn  and  allowed 
to  cool. 

Fusion  for  coarss-^>opper. — The  fusion  for  copper  is  effected  in  the  same  crucible  in' 
which  the  roasting  has  been  carried  on.  The  quantity  c^  flux  to  be  used  for  this 
purpose  varies  in  accordance  with  the  weight  of  the  button  of  regulus  obtained.  A- 
mixture  of  2  dwts.  of  nitre,  7}  dwts.  of  tartar,  and  1^  dwt  of  borax,  is  sufficient  for 

'  The  IscQe  used  for  this  porpoee  is  three-qoartera  of  an  inch  in  diameter  and  balf-an-indi  in  depth.' 
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the  reduction  of  a  calcined  regains  that,  preyiouB  to  roasting,  weighed  from  45  to  50 
grains.  In  the  case  of  a  button  wei^ng  from  90  to  100  grains,  3^  dwts.  of  nitre, 
9  dwts.  of  tartar,  and  2  dwts.  of  borax,  should  be  employed.  These  quantitiefl  are, 
however,  seldom  weighed,  since  a  little  practice  renders  it  easy  to  guess,  with  a  suffi- 
cient degree  of  accuracy,  the  necessary  amounts. 

Boning. — ^The  prill  of  copper  thus  obtained  is  seldom  fine,  and  consequently  re- 
quires purification.  A  crucible  is  heated  to  redness  in  the  furnace,  the  metallic  button 
is  taken  from  the  mould  and  thrown  into  it,  and  some  refining  flux  and  salt  are  placed 
in  a  scoop  for  immediate  use.*  In  a  few  minutes  the  fusion  of  the  prill  is  effected. 
The  crucible  is  now  taken  fpom  the  fire  by  a  pair  of  tongs,  the  contents  of  the  scoop 
introduced,  and  a  gentle  agitation  given  to  it ;  an  appearance  similar  to  the  bright- 
ening of  silver  on  the  cupel  now  takes  place,  and  the  crucible  is  returned  to  the  fire 
for  about  four  minutes.  The  crucible  is  now  removed,  and  its  contents  rapidly  poured 
into  a  mould.  The  button  thus  obtained  will  consist  of  refined  copper,  and  present  a 
slight  depression  on  its  upper  surfSeice.  The  slags  &om  the  reducing  and  refining 
operations  are  subsequently  fused  with  a  couple  of  spoonftils  of  crude  tartar,  and  the 
prill  thus  obtained  weighed  with  the  larger  button. 

2.  German  Method. — ^This  method  is  used  in  Germany  and  other  parts  of  Europe, 
for  the  estimation  of  copper  in  ores  and  other  substances.  It  consists  esscntiaUy  of  the 
following  processes : — 1.  Boasting  or  calcination;  2.  Eeduction  or  fusion  for  black 
copper;  3.  Befining. 

Fumaoe^  jv, — ^A  mvffiefv/mace  is  employed.  The  form  and  dimenmons  of  a  muffle 
furnace  vary  somewhat ;  the  construction  depending  on  the  nature  of  the  fuel  employed 
and  other  circumstances.  If  bituminous  coal  is  used,  the  muffle  is  heated  by  the  flune 
of  the  fuel,  and  the  fire-grate  is  placed  at  some  dislance  below.  When  anthracite  ooal 
or  charcoal  is  employed  the  muffle  is  surrounded  with  hot  ftieL  Soorifien  or  roa$Hna 
dishes ;  fiat  shallow  vessels  made  of  fire-day  about  2\  inchep  diameter  and  1  inda 
deep  inside  measure.  Crucibles ;  thin  oval  shaped  vessels  of  fire-clay,  provided  with  a 
fiat  foot  about  4i  inches  high  and  1}  inch  internal  diameter  at  the  widest  part.  Tongs, 
scoop,  pestle  and  mortar,  and  other  implements  are  required.  For  a  description  of  a 
muffle  f^imace,  see  Silver. 

Weights.-^^Tpod&l  assay  weights  are  used  in  Germany.  1.  Assay  centner  =5 100 
assay  pounds;  1  assay  pound  =100  assay  part  pounds.  The  assay  centner  weighs 
3*75  grammes,  or  about  58  grains.  50  grains  of  the  substance  may  be  taken  to  operate 
on  when  grain  weights  are  used. 

Fluxes,  ^c, — Black  fiitx,  the  product  obtained  by  defiagrating  1  part  of  nitre  and  2^ 
of  tartar,  or  a  mixture  of  alkaline  carbonate  and  charcoal,  or  substitute  for  them  horax, 
glass,  salt,  graphite,  charcoal-powder,  lead,  arsenic,  antimony,  iron  pvrites.  For  the 
purpose  of  assay  by  this  method  the  ores  and  other  substances  may  be  divided  into :  1 , 
Oxidized  ores,  &c  which  require  reduction  and  refining ;  2.  Sulphurous  ores,  &c  which 
require  calcination,  reduction,  and  refining ;  3.  Ores,&c.  poor  in  copper,  wliidi  require 
fusion  with  iron  pyriteij  to  obtain  a  regulus :  the  regnlus  is  afterwards  treated  accord- 
ing to  2 ;  4.  Varieties  of  impure  copper,  which  require  refining  with  lead. 

Process :  Boasting, — 50  grains  of  the  ore  mixed  with  about  j-  of  its  weight  of  graphite 
powder  or  other  substitute  and  spread  over  the  bottom  of  a  scorifier  or  roasting  didi 
previously  coated  inside  with  red  osde  of  iron.  The  scorifier  is  now  plaoed  in  a 
muffle  at  a  low  red  heat,  and  the  calcination  continued  until  the  graphite  ceases  to  glow 
and  the  odour  of  sulphurous  and  other  gases  is  no  longer  perceptible.  This  is  then 
removed,  and  the  product  powdered,  remixed  with  about  5  per  cent,  or  more  of  charooal- 
powder,  and  recalcined.  This  operation  is  repeated  a  tmrd  time  if  necessary.  The 
calcination  is  completed  in  about  30  minutes.  Carbonate  of  ammonia  is  someUmee 
added  to  complete  the  calcination. 

Fusion  for  Black  Copper, — ^The  powdered  caldned  product  is  transferred  to  the  oval- 
shaped  crucible,  and  covered  with  about  twice  its  weight  of  black  flux,  and  borax  ot 
glass  or  both  added  as  required.  The  whole  is  covered  with  a  layer  of  salt,  and  over 
Uiis  is  placed  a  piece  of  charcoal  about  ^  an  inch  square ;  a  cover  is  then  inserted.  Lead, 
arsenic,  or  antimony  or  their  oxides  are  also  added  when  necessary  as  collecting  agents 
to  alloy  with  the  copper  and  render  it  more  fusible.  The  f^on  is  conducted  in  a 
muffle ;  the  temperature  is  gradually  increased  &om  a  red  h^t  and  the  operatioo 
completed  in  from  30  to  40  minutes.  The  crucible  is  removed,  and  when  cold,  broken 
open.  The  button  of  copper  should  bo  perfectly  fksed  and  £ree  from  regulus.  The 
slag  should  be  well  fuseo,  glassy,  and  free  from  a  red  colour. 

Boning, — This  is  conducted  in  a  muffle  upon  a  flat  shallow  piecn  of  broken  cmdble 
about  from  1  to  1^  inch  square.    This  is  placed  between  hot  charcoal,  as,  a  high  tem- 

*  The  refining  flux  consists  of  two  ports  oC  nitro  and  one  of  \rhitc  tartar  fused  together,  and  sob* 
eeqoently  poimded. 
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porature  is  roqnired.  Tho  button  is  then  wrapped  in  paper  with  about  an  eaual  weight 
of  borax,  and  placed  upon  tho  hot  clay  vessel.  When  tho  button  is  melted,  the  door 
of  the  muffle  is  partly  opened  to  allow  the  air  to  enter,  and  the  operations  continued 
until  the  copper  brightens,  appears  of  a  green  colour,  and  finally  becomes  solid.  The  day 
vessel  is  then  removed  from  the  muffle,  and  cooled  by  dipping  it  slowly  in  water.  The 
slag  is  then  detached  from  the  button,  which  should  have  the  characteristic  properties 
of  fine  copper.  The  refining  is  also  conducted  on  a  cupel.  Two  cupels  afft  tieated  in 
a  muffle,  and  upon  one  is  placed  the  button  of  black  copper  with  an  equal  weight  or 
more  of  lead,  and  upon  the  other  the  same  weight  of  pure  copper  atid  lead.  When 
melted,  air  is  admitted  by  partly  removing  the  muffle^oor,  and  the  process  continued 
until  the  copper  brightens.  The  buttons  are  then  covered  with  charooal-i>owder,  re- 
moved, and  cooled  in  water,  and  weighed.  The  loss  upon  the  pure  copper  is  added  on 
to  the  assay  button,  and  the  result  calculated. 

Wet  Assay ;  1.  By  Cyanide  of  Potassium. — This  is  the  best  adapted  and  most  direct 
method  for  estimatmg  copper  in  copper  ores  bv  means  of  standard  solutions.  It  was 
first  proposed  by  Mr.  H.  f  arkes.  The  process  depends  on  the  following  reaction :  when 
a  solution  of  cyanide  of  potassium  is  added  to  a  blue  ammoniacal  solution  of  copper  it 
becomwi  colourless  by  the  formation  of  a  double  <7anide  of  ammonia  and  copper.  By 
ascertaining  by  direct  experiment  the  amount  of  cyanide  of  potassium  required  to  dis- 
charge the  colour  in  an  ammoniacal  solution  containing  a  given  weight  of  copper,  it  is 
easy  by  a  comparative  experiment  to  determine  the  amount  of  copper  in  a  given  weight 
of  ore.  The  standard  solution  of  cyanide  of  potassium  required,  is  prepared,  by  cBs- 
solving  about  from  2,000  to  2,600  grains  of  cyanide  of.  potassium  {gold  cyanide)  in  4 
pints  (35,000  grains)  of  water.  One  thousand  grains  of  this  solution  shomd  be  equal 
to  a;bout  10  grains  of  copper.  The  solution  is  standi^ised  as  follows: — ^A  piece  of 
clean,  electroQrpe  copper,  of  from  4  to  7  grains,  is  accurately  weighed,  dissolved  in  a 
small  quantity  of  dilute  nitric  add  in  a  small  flask,  boiled  to  expel  nitrous  ftimes, 
and  diluted  with  water  to  about  half  a  pint.  Ammonia  is  added  in  excess,  when  it  will 
become  blue.  A  burette  ffor  a  description  of  this  instrument,  see  Aucauxbtbt)  is 
filled  to  the  top  line  with  tlie  solution  of  cyanide  of  potassium,  and  run  in  very  slowly 
to  the  cold  blue  solutaon  of  copper  until  it  becomes  nearly  colourless,  or  of  a  &int 
lilac  tint.  The  number  of  divisions  which  are  r«ftd  off  will  be  equal  to  the  amount  of 
cxsp^  operated  on.  The  experiment  is  repeated  on  a  second  or  third  piece  of  coppw, 
and  the  mean  result  taken  as  standard.  The  decolorisation  will  require  firom  ^  to  }  of 
an  hour,  according  to  the  amount  of  copper  present.  A  piece  of  white  paper  should 
be  placed  under  and  behind  the  fiask,  to  aid  in  observing  the  tint  of  the  solution 
during  decolorisation.  As  the  standard  solution  undergoes  slow  decomposition,  it 
will  require  correction  about  once  a  week. 

Process.— 'From  10  to  50  grains  of  the  ore  are  placed  in  a  small  flask  or  beakar  g^ass, 
and  moistened  with  strong  sulphuric  add ;  nitnc  add  is  then  added  ficom  time  to  timer 
and  the  whole  digested  at  a  gentle  heat  until  nitrous  add  fumes  cease  to  be  given  o£ 
Water  is  cautiously  added,  and  the  solution  reheated,  to  dissolve  the  basic  sulphates 
of  copper  and  iron.  When  the  ore  is  completely  decomposed,  the  whole  is  tran^erred 
into  a  pint  flask  and  diluted  to  about  h  a  ^int ;  ammoma  is  added  in  excess,  and  when 
the  solution  is  cold,  the  standard  solution  is  gradually  run  in  until  there  remains  only 
a  faint  lilac  tint  The  number  of  divisions  used  are  read  off,  and  the  per-centage  of 
copper  calculated.  Example : — 1,000  grains  of  the  burette  are  e^ual  to  10  gcains  of 
copper,  and  20  grains  of  the  copper  ore  require  500  grains  of  solution ;  therefore, 

1,000:500::10  :5and 

5  X  5*- 25  per  cent  of  copper. 

When  peroxide  of  iron  is  present  it  should  not  be  filtered  off  during  the  assay,  as  it 
would  retain  copper.  The  copper  thus  retained  passes  into  solution  during  decolori- 
sation. The  alteration  in  the  tint  of  the  peroxide  of  iron  will  also  afiford  a  rough  in- 
dication <rf  the  completion  of  the  assay.  The  addition  of  sulphuric  add  is  only  required 
fat  the  decomposition  when  sulphides  are  present  in  the  ore.  The  presence  of  silver, 
zinc,  nii^el,  and  cobalt,  interfere  with  the  estimation  of  copper  by  this  method.  Silver 
18  easily  removed  by  adding  hydrochloric  add  or  chlonde  of  sodium,  and  flltering 
before  adding  the  ammonia.  When  sine,  nickel,  and  cobalt  are  present,  the  copper  is 
separated  with  the  usual  precautions  bv  means  of  sulphuretted  hydrogen,  h^KJSulphite 
ef  soda^  or  metallic  iron,  and  the  precipitates  afterwards  redissolved  in  acids,  and  the 
solution  assayed  as  before  described. 

2.  Preqipitation  Method,-T-T)m  is  one  of  the  oldest  wet  methods  of  estimating  copper, 
and  when  the  requisite  care  is  taken  the  results  are  accurate.  It  is  also  useful  when 
burettes  are  not  available.  In  some  localities,  and  particularly  in  South  America  and 
l^e  United  States  of  America,  the  assay  of  copper  ores  is  performed  by  this  pro- 
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cess.  The  whole  of  the  ores  bebnging  to  the  different  classes  may  be  estimated  in 
this  way. 

A  weighed  quantity  of  the  pulyerised  ore  is  introduced  into  a  long-necked  flask  of 
hard  Qerman  glass.  Nitric  acid  is  now  added,  and  the  flask  exposed  to  the  heat  of  a 
sand-bath.  A  little  hydrochloric  acid  is  subsequently  introduced,  and  the  attack  con- 
tintied  until  the  residue,  if  any  remains,  appears  to  be  free  from  all  metallic  stains. 
The  contents  of  the  flask  are  transferred  to  a  porcelain  evaporating  dish,  and  evapo- 
rated to  dryness,  taking  care,  by  means  of  frequent  stirring,  to  prevent  the  mass  from 
spirting.  The  whole  must  now  be  removed  from  the  sand-bath  and  allowed  to  oool, 
a  little  hydrodilorio  acid  subsequently  added,  and  afterwards,  some  distilled  water. 
The  contents  of  the  basin  must  then  be  made  to  boil,  and,  whilst  still  hot,  filtered  into 
a  beaker.  A  piece  of  bright  wrought  iron,  about  two  inches  in  length,  three-quarters 
of  an  inch  in  width,  and  a  quarter  of  an  inch  in  thickness,  is  now  introduced,  and  the 
liquor  gently  heated  on  the  sand-bath  until  the  whole  of  the  copper  has  been  thrown 
down,  l^e  Hqoor  is  now  removed  by  means  of  a  glass  siphon,  and  the  metallic  copper 
freed  from  all  adhering  chlorides,  by  means  of  repeated  washings  with  hot  water,  and 
then  dried  in  a  water-biftth,  and  weighed. 

In  case  the  mineral  operated  on  should  contain  tin  or  antimony,  very  minute  traces 
only  of  these  metals  will  be  found  with  the  precipitated  copper.  When  lead  is  pre- 
sent, it  is  best  to  add  a  few  drops  of  sulphuric  acid  during  the  process  of  the  attack ; 
by  this  means  the  lead  will  be  precipitated  as  sulphate  of  lead,  and  be  removed  by 
filtration. 

Assay  of  Commercial  Varieties  of  Copper,  Brass,  Bronze,  fe. 

By  SypostUpkiie  of  Soda,  This  is  a  very  accurate  method  of  estimating  copper :  it 
was  first  made  known  by  Mr.  £.  0.  Brown.  The  reagents  required  are,  1.  A  standard 
solution  cf  hyposulphite  of  soda.  This  is  made  by  dissolving  1,300  gnuns  of  the 
crystals  in  4  pints  of  water ;  the  solution  is  standardised  by  means  of  weighed  pieces 
of  electrotype  copper  by  the  process  afterwards  described,  and  the  mean  result  taken 
as  standard.  2.  Iodide  of  potassium.  The  crystals  should  be  free  from  iodate.  About 
six  times  the  weight  of  the  copper  present  is  required  for  each  assay.  8.  Solutum  cf 
Starch,  Prepared  by  boiling  from  1  to  2  grains  of  starch  in  about  half  a  put  of 
water.  When  cold  tiie  clear  solution  is  decanted  off  for  use.  The  estimation  of  the 
copper  by  this  method  depends  on  the  following  reactions.  When  iodide  of  potassium 
is  added  to  acetate  of  protoxide  of  copper,  subiodide  of  copper  is  formed,  and  free 
iodine  is  set  free,  which  dissolves  in  the  excess  of  iodide  of  potassium.  By  nieansof  a 
standard  solution  of  hyposulphite  of  soda,  the  free  iodine  is  converted  into  iodide  of 
sodium' with  the  formation  of  tetrathionate  of  soda.  The  solution  of  starch  serves  to 
indicate  the  coiiuiletion  of  the  reaction,  by  the  bleaching  of  the  blue  iodide  of  stardiat 
first  framed.    The  reactions  may  be  expressed  by  the  following  equations : — 

2(CuO,  A)  +  2KI «  Cu«I  + 1  +  2(K0,  A) 
I  +  2(NaO,S«0«)  ==  Nal  +  NaO.S^O*. 

Process, — ^From  8  to  10  grains  of  the  copper  or  alloy  are  dissolved  in  dilute  nitHe 
add,  and  the  nitrous  acid  expelled.  The  solution  diluted  with  water,  and  carbonate 
of  soda  added  until  carbonate  of  protoxide  of  copper  remains  precipitated.  Acetic  add 
is  added  in  excess,  and  afterwards  about  60  grains  or  less  of  iodide  of  potassium. 
The  solution  of  hyposulphite  of  soda  is  now  run  in  from  a  burette,  until  the  solution 
acquires  a  yellow  colour.  A  little  of  the  starch-solution  is  now  added,  and  the  ad- 
dition of  the  hyposulphite  of  soda  cautiously  continued  until  the  solution  becomes 
colourless.  The  number  of  divisions  on  the  burette  are  read  off,  and  the  amount  of 
copper  calculated  therefrom.  Example : — If  1,000  grains  of  the  standard  solution  are 
equal  to  10  grains  of  copper,  and  10  grains  of  the  alloy  require  600  grains  of  the  same 
solution,  then 

l,000:600::10:6and 

6x10= 60  per  cent,  of  copper. 

When  lead  is  present,  a  little  sulphuric  add  should  be  added  daring  the  solution  of  the 
metal  in  nitnc  add,  to  convert  it  into  insoluble  sulphate  of  protoxide  of  lead.  To 
render  it  applicable  to  copper  ores,  after  the  solution  of  the  ore  and  dilution,  the 
copper  must  first  be  separated  by  means  of  sulphuretted  h^rdrogen,  hyposuli^te  of 
soda,  or  by  iron  or  zinc,  and  the  predpitato  redissolved  in  mtrio  add,  tiudng  oaxe  to 
expel  all  trace  of  nitrous  add  before  proceeding  with  the  assay. 

Assay  of  Slags  anct  other  Substances  containing  Small  QuanUHes  of  Copper^ 

Cohration  2W. — This  method  depends  on  the  fiict  that  the  intensity  of  the  bins 
colour  <^  an  ammoniacal  solution  of  c(^por  is  proportionate  to  the  quantity  of  metal 
piesont.    There  are  two  plans  which  may  be  followod:~a*  A  standard  ooloBatioB 
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test  solution  is  ppoparod  by  dissolving  a  known  weight  of  copper  (0*5  op  1  grain)  in 
dilute  nitric  ncid,  adding  excess  of  ammonia  and  diluting  to  10,000  grains.  This 
solution  is  kept  in  a  well-stoppered,  long,  glass  graduated  vessel.  The  ammoniacal 
plution  of  copper  obtained  by  the  decomposition  of  a  given  weight  of  the  substance 
is  transferred  to  a  graduated  measure  of  the  same  shape  and  capacity,  and  water 
added  until  the  tint  corresponds  to  that  of  the  standard  coloration  test.  l%e  per- 
centage of  copper  is  calculated  as  follows : — 10,000  grains  of  the  standard  coloration 
test  contain  0*5  grain  of  copper;  the  solution  of  100  grains  of  the  Bubstance  required 
dilution  to  8,000  grains— 

10,000  :  8,000  ::0'6  :  0*4  per  cent  of  copper. 

b,  A  series  of  standard  coloration  test  solutions  of  copper  are  prepared  and  kept 
in  a  number  of  colourless  square  or  round  glass  bottles.  The  bottles  should  be  of  the 
same  shape  and  capacity.  If  the  scries  comprise  ten  bottles,  the  first  bottle  may  con- 
tain -^th  of  a  grain  of  copper,  the  second  ^ths,  and  so  on  to  the  last  of  1  grain.  From 
60  to  100  grains  of  the  powdered  slag  or  other  substance  are  treated  with  nitric  or 
with  nitro-hydrochloric  add,  until  decomposition  is  efifected«  In  some  cases  preyious 
fusion  with  carbonate  of  soda  may  be  found  necessary.  l%e  solution  is  diluted  with 
water,  excess  of  ammonia  added,  and  filtered,  or  the  precipitate  allowed  to  settle  and 
tlio  solution  decanted.  If  necessary,  the  precipitate  obtained  by  ammonia  is  rcdis- 
solved  in  acid,  and  reprecipitated  by  ammonia ;  and  if  the  filtrate  has  a  blue  tint  it 
must  be  added  to  that  previously  obtained.  The  whole  of  the  solution  is  then  diluted 
with  water  until  there  is  the  same  volume  of  solution  as  in  one  of  the  test  bottles. 
The  colour  is  then  compared  with  the  coloration  test  bottles,  and  the  one  it  corre- 
sponds to  represents  the  amount  of  copper  present  in  the  quantity  of  substance 
openitod  on.  From  this  datum  the  per-centage  of  copper  is  calculated.  If  nickel  or 
cobalt  be  present  the  copper  must  first  be  separated  by  means  of  sulphuretted  hydrogen 
or  otherwise,  and  the  precipitate  rodissolvea  in  acid. 

COFFBR  O&ZS.    See  Copphu. 

COPPBK,  OZZBBS  OF.  Two  oxides  are  known :  the  red  or  suboxide  Tcuprous 
oxide)  Cu*0,  and  the  black  or  protoxide  (cupric  oxide),  CuOr  Both  occur  native,  and 
are  valuable  ores.  The  suboxide  may  be  prepared  artificially  by  adding  grape-sugar  to 
a  solution  of  the  blue  sulphate  of  copper,  treating  the  product  with  an  excess  of  caustic 
potash,  and  then  boiling  the  solution.  The  suboxide  communicates  a  fine  ruby-red 
colour  to  glass ;  this  oxide  is  soluble  to  some  extent  in  metallic  copper,  the  metal  bo- 
coming  thereby  *  dry  *  or  brittle.  Protoxide  of  copper  may  be  prepared  by  calcining 
copper,  or  by  igniting  the  nitrate  or  the  sulphate.  It  communicates  a  green  colour  to 
glass.  The  protoxide  is  employed  in  organic  analysis  for  yielding  oxygen  during 
combustions. 

COPFBR  VYSZTBS.    See  Cofpbb. 

COPPBK,  8A&T8  OV.  Goppsb,  Acbtate  of.  A  basic  acetate  of  copper  (cupric 
acetate)  is  largely  used  as  a  pigment  under  the  name  of  Verdigris.  The  neutral 
acetate  is  also  prepared  commercially,  and  termed  Distilled  Verdigris.  It  appears  Uiat 
the  well-known  pigment^  8chtDeit\furth  or  Emerald  Ghrem^  is  a  combination  of  acetate 
and  arsenite  of  copper.    See  Ykbdiobis  ;  Schwetnfcbth  Gbbbn. 

Coffer,  Absenitb  of.  The  fine  green  pigment  called  Scheel^s  Greenis  an  arsenite, 
and  Schweinfurth   Green  is  an  aceto-arsenito  of  copper.    See    Scheklb's  Gbeen; 

SCHWBIKFVnTH  GbSKN. 

CoPFEB,  Oabbonates  OF.  Two  of  these  occur  native,  forming  the  minerals  known 
as  Malachite  and  Asurite,  An  artifidajl  basic  carbonate  is  prepared  as  a  pigment  under 
the  names  of  Brunswick  and  mineral-green.  See  Azubitb  ;  Coffeb  ;  Maiachitr  ; 
Vbhditbb. 

Coffeb,  Chlorides  of.  Two  chlorides  are  known ;  the  subchloride  (cuprous  chloride) 
CuKl  (Cu'Cl*),  and  the  protochloride  (cupric  chloride)  CuCl  (CuCl*).  The  latter 
is  readily  obtained  by  dissolving  either  oxide  or  carbonate  of  copper  in  hydrochloric 
acid ;  it  is  a  deliquescent  salt  soluble  in  alcohol,  the  alcoholic  solution  burning  with  a 
fine  green  flame.  The  subchloride  may  be  reduced  from  the  protochloride  by  boiling 
its  solution  with  sugar.  A  solution  of  the  subchloride  in  hydrochloric  add  is  used  in 
gas-analysis  for  the  absorption  of  carbonic  oxide.  There  are  also  several  oim^lorides  of 
copper ;  one  of  these  occurs  native,  forming  an  ore  known  as  Atacamite.    See  Cofpbb. 

Copper,  Nitbatb  of.  This  salt  is  prepared  b^  dissolving  copper  in  moderately 
strong  nitric  add,  and  evaporating  to  crystallisation.  Its  formula  when  anhydrous 
is  CuO,NO*  (Ouavo*).    This  salt  is  used  to  produce  a  fine  green  in  fireworks. 

CoppBB,  SuLPHATB  OF,  Called  in  commerce  Blue  Vitriol^  Blue  Btone,  or  Blue 
Copperas. — ^This  salt  is  frequently  prepared  by  roasting  copper  pyrites  with  free  access 
of  air,  but  sulphate  of  iron  is  formed  at  the  same  time,  and  the  two  salts  are^  not 
readily  separated.    It  is  also  obtained  by  heating  old  copper  with  sulphur,  by  which  a 

3f2 


Digitized  by  VjOOQIC 


948 


COPROLITES 


sabsulphide  of  copper  is  produced ;  this  is  converted  into  sulphate,  by  roasting  in  con- 
tact "With  sir.  IjEUge  quantities  of  sulphate  of  copper  are  obtained  in  the  process 
of  silver  refining,  and  as  a  by-product  in  Ziervogel's  method  of  silrer-extraction. 
Chrystallised  sulphate  of  copper  contains  Cu0.S0*  +  8H0  (CoSO^  +  SBH>).  It  is 
largely  employed  in  calico-printing,  and  as  a  source  of  other  salts  of  copper.  The  salt 
is  also  used  in  certain  forms  of  constant  batteries,  as  Paniell's. 

Several  basic  sulphates  are  known,  some  of  which  occur  native.  Casselman^s  green 
is  an  artafldal  basic  sulphate.    See  Copper  ;  PrBrrBS ;  Sdcvkr. 

CoppBB,  Sulphides  of.  At  least  two  distinct  sulphides  of  copper  may  be  prepared. 
Chopper  and  sulphur  when  melted  together  combine  with  vivid  incandescence,  and  pro- 
duce the  Bubstuphide  or  disulphide  (cuprous  sulphide),  Cu*S.  This  compound. al^ 
XKtaan  native  as  copper  glance  ;  and  is  produced  as  a  regulus  in  the  ordinary  process 
of  copper-smelting,  when  it  is  called  by  the  smelter  fine  metal.  The  higher  sulphide 
(cupnc  sulphide),  CuS,  is  found  native  as  CoveUine^  and  may  be  artificially  prepared, 
as  a  hydrate,  by  precipitating  a  salt  of  copper  with  sulphuretted  hydrogen.  The 
sulphides  are  decomposed  when  heated  with  free  access  of  air ;  at  high  temperatures 
sulphurous  add  is  evolved,  and  oxide  of  copper  formed,  whilst  at  low  temperatures  a 
sulphate  of  copper  is  produced. 

OOnnUkS.  A  common  name  for  green  vitriol  or  sulphate  of  protoxide  of  iron 
(ferrous  sulphate).     Iron  pyrites  is  also  sometimes  called  copperas.     See  PrRrrEs. 

COMfcOUnraS.  («c^pos,  dung ;  XiBos^  stone),  A  term  properly  restricted  to 
fossilized  fcscal  matter.  True  ooprolites  usually  present  the  form  of  ovoid  nodules, 
resembling  Iddney  potatoes,  marked  on  the  surface  with  corrugations,  and  exhibiting 
internally  a  spiral  structure  due  to  the  form  of  the  intestinal  canal  through  which 
they  have  passed.  Some  of  these  coprolites  were  formeiiv  described,  from  their  shape, 
as  fir-cones ;  but  their  true  origin  was  dearly  pointed  out  many  years  ago  by  Dr. 
Buckland.  They  often  contain  scales,  teeth,  and  bones,  of  fish,  which  represent  the 
undigested  portions  of  food  voided  in  the  excrements;  and  they  are  occasionally  found 
in  such  connection  with  the  skeletQns  of  fossil  saurians  as  to  show  their  original 
position  in  the  intestines.  The  coprolites  of  reptiles  and  fish  are  found  in  many  of  our 
Secondary  and  Tertiary  rocks,  and  are  especially  abundant  in  the  Lias.  These  true 
coprolites  consist  mainly  of  phosphate  and  carbonate  of  lime.  The  analyses  below  by 
Hr.  Thornton  J.  Herapath  represent  the  composition  of  a  coprolite  from  the  lias  strata 
of  Lyme  Begis.  It  was  rather  large,  being  above  9  oz.  in  weight,  was  of  a  greyish 
ceiour,  and  when  broken  exhibited  some  traces  of  a  crystalline  structure.  It  famished 
«  gn^jrish-white  powder.  Many  scales  of  different  extinct  fishes,  and  other  organic 
xemains,  were  to  he  perceived  on  the  external  surface ;  the  greater  proportion  of  them 
appeared  to  belong  to  a  spedes  of  fish  which  is  known  by  the  name  of  Pholidophortta 
limbatuB.  Its  specific  gravity  was  about  2*644  or  2*700,  and  the  composition  p^  cent, 
was  as  follows : — 


I 

U 

AIoui 

Water    driven    off  at  from    300*>  to 

850OF. 

Water  and  organic  matters  expelled 

at  a  red  heat 

Chloride  of  sodium,  with  some  sulphate 

ofeoda      ...... 

Carbonate  of  lime 

do.       of  magnesia 
Sulphate  of  lime  .        .        .        .        , 

Phosphate  of  do.  (tribasio)  .        . 

do.    .  .  magnesia 
Perphospbote  of  iron    .        .        .        . 

Pho^hate  of  idumina  .... 

Peroxide  of  iron 

Alumina 

Silido  add,  with  fluoride  of  caldum  and 

loss 

2-560 

3-680 

traces 
23*640 

none 

1-740 
60-726 
a  little 

3*980 
alittle 

2*094 
none 

1'580 

2-668 

3-456 

traces. 
23-708 
none 

1*801. 
60*813 
alittle 

4135 
a  little 

1*894 

none 

1*525 

2-6140 

3*5680 

traces 
23*6740 

none 
1*7705 
60*7695 =P0»  28-047 

alitUe 
4*0575 -PO*   1*992 

alittle 
1*9940 

none 

1*5525 

100^)00 

100*000 

100*0000  =  PO»29*069« 

■  In  tho  firat  oC  these  analyses,  tho  phosphoric  acid  was  estimated  Iqr  K.  Bohnlit's  method,  as  per^ 
phoiphate  of  iron ;  in  the  second,  as  phosphate  of  lead. 
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From  the  high  per-centage  of  phosphate  of  lime  recorded  in  these  amiljses,  it  must 
be  evident  that  coprolite^  are  of  great  value  to  the  agriculturist  as  fertilising  agents. 
Indeed,  largo  quantities  of  So-called  '  coprolites '  are  thus  employed.  It  should,  however, 
be  distinctly  understood  that  the  term  has  been  considerably  extended  in  its  meaning, 
and  is  now  applied  to  all  phosphatic  nodules  used  in  the  formation  of  lurtifieial  man- 
ures, whatever  may  have  been  their  origin.  These  nodules,  or  pseudo^prolites,  are 
especially  abundant  in  the  Bed  Crag  of  Suffolk.  This  Crag  is  a  marine  deposit  of 
Pliocene  ATpper  Tertiary^  age,  xich  in  shells  and  other  organic  remains;  and  at 
the  base  ot  the  Orag  there  is  a  bed  of  rolled  bones,  teeth,  and'  various  animal  exuviee, 
derived  from  Uie  London  Clay,  and  associated  with  rolled  pebbles  rich  in  phosphate  of 
lime.  These  pebbles  or  nodulee  were  first  described  by  the  late  Prof.  Henslow  as  true 
coprolites,  but  it  is  certain,  from  their  physical  characters,  that  they  have  not  a  coprolitic 
origin.  Nevezl^eless,  these  pseudo-coprolites  are  equally  rich'  in  phosphate  of  lime,  as 
wiU  be  seen  by  the  following  analyses  of  two  samples  £rom  the  coast  of  Suffolk  by 
lir.  Herspath :— * 


Water  with  a  little  organic  matter  . 

I 

n 

4-00 

8-660 

Salts  soluble  in  water  (chloride  of 
sodium  and  sulphate  of  soda) 

traces 

traces 

Carbonate  of  lime    .... 

10-280 

8-969 

„          magnesia    .        . 

a  trace 

atiace 

Sulfate  of  lime      .... 

distinct  traces 

0-611 

Phosphate  of  Ume  (8CaO,PO*) . 

70-020  «P0*  32766 

69-099 -PO*  81-924 

„           magnesia    . 

traces  only 

traces 

Perphoephate  of  iron  (2Fe*0«,8PO*) 

0-860 =P0*    8-244 

8-616 =P0*   4-Oai 

Phosphate  of  alumina  (2Al«0»,3PO*) 

1-560-PO*    0-870 

2-026-PO*    1-168 

Oxide  of  manganese         • 

traces 

traces 

Fluoride  of  calcium .        • 

0-608 

0-804 

Silicic  add,  coloured  red  by  a  little 

undecompoeed  silicate  of  iron 

6-792 

6*809 

100-000 -P0»  86-889 

100-000 -P0»   87-16 

Phosphatic  nodules,  passing  under  the  name  of  coprolites,  are  found  at  the  junction 
of  the  Lower  Greensand  and  Gault,  at  the  junction  of  the  €ktult  and  Upper  Green- 
sand,  and  at  the  base  of  the  Chalk. 

In  an  excellent  paper  *  On  the  Phosphoric  Strata  of  the  Chalk  Formations,'  published 
in  the  first  number  of  VoL  IX.  of  the  *  Journal  of  the  Boyal  Agricultural  Society  of 
England,'  Mr.  Way  observes,  that  he  has  found  the  coprolites  fromFamham  in  Surrey 
to  contain  from  62  to  64  per  cent,  of  bone-earth  phosphate ;  and  that  Dr.  Gilbert  had 
informed  him,  that  in  several  analyses  which  he  had  made  of  samples  taken  from 
several  tons  of  the  ground  coprolites,  he  had  found  the  proportion  of  phosphate  of 
lime  to  vi^ between  66  and  67  percent.  Mr.  Nesbit  (* Quart.  Joum.  of  Chem.  Soc.' 
in.  p.  235)  found  from  22*30  to  28-74  per  cent,  of  phosphoric  acid,  which  is  equiva- 
lent to  from  48*31  to  69*07  of  tribasic  phosphate,  in  those  from  the  tertiary  deposits 
of  this  county. 

Phosphatic  nodules,  or  coprolites,  are  obtained  from  the  base  of  the  Gault  at 
Folkestone,  and  from  the  base  of  the  Chalk  at  Cambridge.  *  The  Cambridgeshire 
phosphatic  nodules,'  says  the  Bev.  0.  Fisher,  *  are  extracted  by  washing  from  a  stratum 
(seldom  exceeding  a  foot  in  thickness)  lying  at  the  base  of  the  Lower  Chalk,  and  rest- 
ing immediately,  without  any  passage-bed,  u^n  the  Ghault  There  is,  however,  a 
gradual  passage  upwards  from  the  nodule-bed  into  the  Lower  Chalk  or  oluncK  The 
average  yield  is  about  300  tons  per  acre ;  and  the  nodules  are  worth  about  608.  a  ton. 
The  cUggers  usually  pay  about  140/.  an  acre  for  the  privilege  of  digging,  and  return 
the  land  at  the  end  of  two  years  properlv  levelled  and  re-soiled.  They  follow  the 
nodules  to  a  depth  of  about  20  feet ;  but  it  soavcely  pays  to  extract  them  from  that 
depth.—*  Quart  Joum.  Geolog.  Soc.*  Feb.  1873. 

The  following  analyses  of  Cambridge  coprolites  are  published  by  Dr^  Voelcksr  in 
the  Joum.  of  the  Boy.  Agric  Soc.  for  I860:— 

*  Journal  Bo^'.  A^o.  Soc,  Eng,  188), 
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Moisfcnre  and  organic  matter 

Limo 

Magnesia    .... 
Oxide  of  iron 

Alumina     .... 
Phosphoric  acid  . 
Carbonic  acid 
Sulphuric  acid    . 
Chloride  of  sodium 
Potash        ,        :        .        . 

Soda 

Insoluble  siliceous  matter  . 
Fluorine  and  loss 


4-68 
48-21 
1-12 
2*46 
1-86 
25-29 
6-66 
0-76 
0-09 
0-82 
0-60 
8-64 
4*96 


10000 


n 


4-01 

45*39 

0-48 

1-87 

2-57 

26-75 

618 

1-06 

traces 

0-84 

0-78 

6-22 

4-95 


10000 


In  the  first  analysis  the  proportion  of  tribasic  phosphate  of  lime  (bone-earth) 
reaches  54*89,  and  in  the  second  analysis  57-12  per  cent 

Mineral  deposits  rich  in  phosphate  of  lime  occur  in  the  Bala  lamestono  at 
Cwmgwymnen,  about  16  miles  fi:om  Oswestry ;  but  they  do  not  appear  to  be  of  copro- 
litic  origin.  They  have  been  worked  for  agricultural  purposes,  and  were  described  by 
Dt,  a.  Voelcker  before  the  British  Association  in  1865. 

Attention  has  recently  been  called  to  a  remarkable  phosphatic  deposit  in  South 
Carolina,  which  is  now  extensively  worked.  This  deposit  occurs  in  beds  of  post-plioeene 
age,  but  is  largely  composed  of  nodules  of  altered  marl  derived  from  an  £ocene  rock 
Imown  as  the  great  Carolinian  Marl  Bed.  These  nodular  fragments  from  the  mother- 
rock  are  rich  m  organic  remains,  and  are  associated  with  bones  and  teeth  of  land 
animals  of  more  recent  age.  For  a  descriotion  of  the  deposit,  see  *  The  Phosphate 
Rocks  of  South  Cart^ina,'  by  Francis  S.  Holmes,  A.M.  Charleston,  1870.  See  AFATm ; 
MAiruBB. 

OOVTIVO*  A  new  and  important  quality  of  writing-inks  was  introduced  by  the 
indefatigable  James  Watt,  in  1780,  who  in  that  year  took  out  a  patent  for  copying 
letters  and  other  written  documents  by  pressure.  The  modtis  opmindi  was  to  have 
mixed  with  the  ink  some  saccharine  or  gummy  matter,  which  should  prevent  its 
entire  absorption  into  the  paper,  and  thus  render  the  writing  capable  of  having  a  copy 
taken  from  it  when  pressed  against  a  damp  sheet  of  common  tissue  paper.  But 
although  this  process  was  very  imperfect,  the  writing  generally  being  much  besmeared 
bv  the  damping,  and  the  copies,  in  many  cases,  only  capable  of  being  read  with  great 
difficulty,  it  was  not  for  sevens-seven  years  after  the  invention  of  Watt  that  any 
improvements  in  such  inks  were  attempted.  The  firm  of  Underwood  and  Burt  patented 
a  method  of  taking  copies  by  the  action  of  a  chemically-prepared  pa^,  in  a  chemical 
ink,  by  which,  not  onl^  are  far  superior  copies  taken,  and  the  original  not  at  all 
damaged,  but  many  copies  may  be  taken  at  one  time  from  a  single  doeamenU  Printed 
matter  may  be.alsio  copied  at  the  same  time,  on  the  same  beautiM  principle.  We  give 
the  specification  of  Mr.  Underwood: — 

*  But  while  the  means  employed  for  producing  the  desired  efl&cts  may  be  varied, 
I  prefer  the  following  for  genend  use :-— 1  damp  ^e  paper,  parchment,  or  other  mate- 
rial which  I  desire  to  copy  upon,  with  a  solution  of  200  grains  of  the  yellow  or  nentnl 
chromate  of  potash  dissolved  in  1  gallon  of  distilled  water,  and  either  use  it  immedi- 
ately, or  dry  it  and  subsequently  damp  it  with  water  as  it  is  required  for  use.  I  then 
prepare  the  material  which  I  use  for  produdng  the  characters  or  mariu,  and  which 
may  be  (»lled  copving  ink,  by  simply  dissolving  (in  a  water-bath)  pure  extract  of 
logwood  in  distilled  water ;  or,  for  printing,  I  use  a  varnish  or  other  similar  material 
soluble  in  water,  and  dust,  or  throw  over  it  powdered  extract  of  logwood.  If  I  desire 
to  take  twenty  copies  from  an  original,  I  use  about  six  pounds  of  the  pure  extract  of 
logwood  to  a  gallon  of  distilled  water ;  but  a  larger  number  of  copes  may  be  taken  by 
dusting  or  throwing  over  the  original,  before  the  ink  has  thoroug^y  dried,  a  powder 
composed  of  five  parts  of  powdered  extract  of  logwood,  one  part  of  powdered  gum 
arable,  and  one  part  of  powtlerqd  tragacanth.  When  I  desire  to  print  from  an  origmal, 
in  producing  which  I  have  used  ink  prepared  as  before  described,  I  proceed  by  damping 
six  sheets  of  paper,  prepared  as  before  described,  and  having  taken  off  all  superfluous 
moisture  with  good  blotting  paper,  I  place  the  original  upon  the  upper  sheet  and  press 
the  whole  for  about  half  a  minute  in  a  copying  press ;  I  then  remove  the  original,  and 
in  its  place  put  six  other  sheets  of  the  prepared  paper  in  a  damp  state,  and  subject 
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the  whole  to  pressure  for  about  a  quarter  of  an  hour.  I  then  take  five  other  prepared 
sheets  in  a  damp  state,  and  having  laid  the  original  upon  thom,  press  them  together 
for  about  two  minutes,  then  replace  the  original  by  three  other  prepared  and  damped 
sheets,  and  press  the  whole  together  for  about  a  quarter  of  an  hour.  The  extract  of 
logwood  so  acts  upon  the  neutral  chrom&te  of  potash  that  I  thus  obtain  twenty  good 
dear  fae-similes  df  the  original  matter  or  design.' 

They  have  also  produced  an  Indian  ink  on  the  same  principle,  which,  when  used 
in  the  preparation  of  architectural  ]^ans,  maps,  &c,  will  give  one  or  more  dear  copies 
of  even  the  finest  lines.  The  only  point  to  be  observed  in  the  taking  of  such  copies, 
is  that  as  they  are  taken  to  a  scale,  thev  must  be  kept  pressed  in  close  contact  with 
the  original,  till  they  are  perfectly  dry,  because  if  not^  they  will  shrink  in  drying,  and 
the  scale  will  be  spoilt. 

The  most  complete  information  on  this  subject,  and  that  of  inks  generally,  is  to  be 
found  in  a  memoir  published  in  the  *  Journal  of  the  Sodety  of  Arts*  by  Mr.  J.  Underwood. 

OiHpnJalUL  WTB.  These  nuts  are  produced  in  the  Brazils  by  the  Attalea 
funtfera.  They  are  suitable  for  a  great  variety  of  small  ornamental  wc^ks,  and  are 
manu£Ekctured  into  the  knobs  of  umbrellas  and  parasols.  The.  same  palm  which  yields 
eoquiUa  nuts  also  furnishes  the  Fiassaba  fibre,  or  monkey-grass. 

COSAB.    An  Indian  pattern  silk  handkerchief. 

COSA&  (Oorail,  Fr. ;  Koralle,  6er.)  is  a  calcareous  substance,  formed  a  spedes 
of  marine  polype,  which  constructs  in  concert  immense  ramified  habitations,  consisting 
of  an  assemblage  of  small  cells,  each  the  abode  of  an  animal.  The  coral  is,  therefore, 
a  real  polypary,  which  resembles  a  tree  strip|>ed  of  its  leaves.  It  has  no  roots,  but  a 
foot  not  unlike  a  hemispherical  skull-cap,  which  applies  dosely  to  every  point  of  the 
surface  upon  which  it  stands,  and  is  therefore  difiScidt  to  detach.  It  merely  serves  as 
a  basis  or  support  to  the  coral,  but  contributes  in  no  manner  to  its  growth,  like  the 
root  of  an  ordinaiy  tree,  for  detached  pieces  have  often  been  found  at  the  bottom  of 
the  sea  in  a  state  of  increase  and  reprcxluction.  From  the  above  base  a  steni,  usually 
single,  proceeds,  which  seldom  surpasses  an  inch  in  diameter,  and  from  it  a  small 
number  of  branches  ramify  in  venr  irregular  directions,  which  are  studded  over  with 
cells,  each  containing  a  polype.  These  polypes  when  they  extend  their  arms,  feelers, 
or  tentacula,  resemble  flowers,  whence,  as  well  as  from  the  form  of  the  coral,  they 
were  formerly  dassed  among  vegetable  productions.  They  are  now  termed  zoophytes 
by  many  writers  upon  Natural  History. 

The  polype  which  yields  the  ordinary  red  coral  of  commerce  is  known  to  naturalists 
as  the  Cormiumrvbrum^  and  is  placed  in  the  family  of  the  Gorffonida,  or  Sea-shrubs, 
a  group  of  the  order  Abyonaria,  This  red  coral,  therefore,  occupies  a  different 
^tematic  position  from  that  of  the  common  corals  which,  by  the  accumulation  of 
tJ^eir  solid  parts,  form  the  rocky  masses  known  as  coral  islands,  and  which  are  referred 
to  the  order  Zoantharia,  As  much  misconception  prevails  with  respect  to  the  true 
nature  of  the  coraUium  or  hard  parts,  in  these  two  kinds  of  polype,  it  may  be  useful 
to  point  out  their  essential  difi&rence.  In  the  common  corals,  tJie  solid  calcareous 
structure  is  formed  within  the  body  of  the  polype,  whilst  in  the  red  coral  it  is  secreted 
by  the  outer  surface  of  the  organism,  notwithstanding  its  position  as  a  branched  axis 
supporting  the  soft  parts  of  the  bod^.  Both  types  of  coral  belong  to  the  Actinoea :  a 
class  of  the  great  division  of  the  Animal  Kingdom  termed  the  Cadenieraia,  It  is  the 
red  coral  which  is  described  in  this  artide. 

The  finest  red  ooial  is  found  in  the  Mediterranean.  It  is  fished  for  on  the  coasts 
of  Frovence,  and  constitutes  a  considerable  branch  of  the  trade  at  Marsdlles.  The 
coral  is  attached  to  the  submarine  rocks,  as  a  tree  is  by  the  roots ;  but  the  branches, 
instead  of  growing  upwards,  shoot  downwards  towards  the  bottom  of  the  sea:  a  con- 
formation favourable  to  breaking  them  off  and  brining  them  up.  For  this  kind  of 
fishing,  dght  men,  who  are  excellent  divers,  equip  a  felucca  or  small  boat  called 
commonly  a  coralline.  They  cany  with  them  a  large  wooden  cross,  with  strong,  equal, 
and  long  arms,  each  bearing  a  stout  bag-net.  They  attach  a  strong  rope  to  the  middle 
of  the  cross,  and  let  it  down  horizontally  into  the  sea,  having  loaded  its  centre  with  a 
weight  sufficient  to  sink  it.  The  diver  follows  the  cross,  pushes  one  arm  of  it  after 
another  into  the  hollows  of  the  rocks,  so  as  to  entangle  the  coral  in  the  nets ;  then  his 
comrades  in  the  boat  pull  up  the  cross  and  its  accompaniments. 

Coral  fishing  is  nearly  as  dangerous  as  pearl  fishing,  on  account  of  the  number  of 
sharks  which  frequent  the  seas  where  it  is  carried  on.  One  would  think  the  diving- 
bell  in  its  now  very  practicable  state  might  be  employed  with  great  advantage  for 
both  purposes. 

Coral  is  mostly  of  a  fine  red  colour,  but  occasionally  it  is  flesh-coloured,  yellow,  or 
white.  The  red  is  preferred  for  maldng  necklaces,  crosses,  and  other  female  orna- 
ments*   It  is  worked  up  like  predous  stones.    See  LApmAET. 

Coral  beads  have  ever  been  fashionable  ornaments.    I>r.  Gilchrist  states :— *  Coral 
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boads  are  in  high  estimation  throughout  Hindostan  for  necklaces  and  bracelets  &r 
-women.  These  beads  are  manufactured  from  the  red  coral  fished  up  in  Turious  parts 
of  Asia ;  they  are  very  costly,  espedallv  when  they  run  to  any  size ;  and  tiiey  are 
generally  sold  by  their  weight  of  silver. 

Coral  beads  were  always  fuTourite  articles  for  ornament  even  in  this  couofcry ;  and 
in  the  'Illustrations  of  Manners  and  Ezpenoes  of  Antient  Times  in  En^nd,'  by 
Nichols,  1798,  we  find  the  following  entries  from  *  the  churchwardens'  aeoompts  dT 
St.  Mary*8  Hill,  London,'  containing  *  the  inventory  of  John  Fort,  layt  the  Idng^  ser- 
vant, as  after  followeth:  * — 

'  Item  of  other  old  gear  found  in  the  house  :•—  £,    »•    d, 

*  Item  one  os,  and  ^  ofeoraU  0     2     6 

*  Jewels  for  her  boay. 

*  Item,  a  pair  of  coral  beds,  gaudyed  with  gaudys  of  silver  and  gilt»  10  ool 

B,tZ9,Ad,  1    18     4' 

(John  Fort  died  in  1624.) 


COXAXAnm.  A  scarlet  dye,  prepared  by  heating  a  mixture  of  carbolic,  ozalio 
and  sulphuric  adds.    See  Cabbouc  Acid. 

COSBAfUi.  {Cordage,  Fr. ;  TawDerk,  Ger.)  Cordage  may  be,  and  is,  made  of 
a  groat  variety  of  materials.  In  Europe,  however,  it  is  mostly  formed  of  hemp^ 
although  now  much  cordage  is  made  of  coir.    See  Coin. 

Frofessor  Robinson  lufoposed  the  fc^owing  rule  for  determining  the  strength  of 
cordage : — Square  the  circumference  of  a  rope  in  inches ;  one  fifth  of  the  product  wiH 
be  the  number  of  tons'  weight  which  it  will  bear :  this  is,  however,  uncertain. 

CIKBDOVAV.  A  leather  made  at  Cordova  in  Spain  firom  goat-skin.  Leather 
made  from  horse-hide  is  called  cordovan  in  this  country. 

COSBVmOT.    A  kind  of  ribbed  doth.    See  Fustian. 

COXr  or  OOKVa.  A  basket  for  carrying  coals ;  a  fi»me  of  wood  to  load  coals 
on ;  a  sledge  to  transport  minerals  on. 

COXXAXDB&  saBB.  The  firuit  of  the  Coriandum  9ativum,  used  as  a  season- 
ing, and  also  for  the  preparation  of  an  essential  oiL 

CO&X  (Lii^e,  Fr. ;  AorAr,  Ger.)  is  the  bark  of  the  Quercue  suber,  Linn.,  a  spedes 
of  oak-tree  which  grows  abundantly  in  the  southern'  provinces  of  France,  Italy,  and 
Spain.  The  bark  is  taken  off  by  making  coronal  incisions  above  and  below  the 
portions  to  be  removed ;  vortical  indsions  are  then  made  from  one  of  these  cirdes  to 
another  whereby  the  bark  may  be  easily  detached.  It  is  steeped  in  water  to  soften  it, 
in  order  to  be  flattened  by  pressure  under  heavy  stones,  and  is  then  dried  at  a  fire, 
which  blackens  its  sur&oe.    The  corks  are  bound  up  in  bales  and  sent  into  the  market. 

There  ore  two  sorts  of  cork,  the  white  and  the  black ;  the  former  grows  in  F^ranca 
and  the  latter  in  Spain.  The  cakes  of  the  white  are  usually  more  beautiful,  mare 
smooth,  lighter,  freer  from  knots  and  cracks,  of  a  finer  grey,  and  of  a  yellowidi-grey 
colour  on  both  sides,  and  cut  more  smoothly  than  the  black.  When  this  cozk  is  bunt 
in  dose  vessels  it  forms  the  pigment  called  Spanish  black, 

Cork  is  employed  to  fabricate  not  only  bottle  corks,  but  small  architectural  and 
geognostic  models,  which  are  very  convenient  from  their  lightness  and  sdiditj. 

The  cork-cutters  divide  the  boards  of  cork  first  into  narrow  fillets,  wluch  they 
afterwards  subdivide  into  short  parallelopipeds,  and  then  round  these  into  the  proper 
conical  or  cylindrical  shape.  The  bench  before  which  they  work  is  a  square  table, 
where  four  workmen  are  seated,  one  at  every  side,  the  table  being  f^imished  with  a 
ledge  to  prevent  the  corks  from  falling  over.  The  cork-cutter^s  knife  has  a  broad 
blaide,  very  thin,  and  fine  edged.  It  is  whetted  from  tame  to  time  upon  a  fine-grained 
dry  whetstone.  The  workman  ought  not  to  draw  his  knife-edge  over  the  cork,  tot 
ho  would  thus  make  misses,  and  might  cut  himself,  but  rather  the  cork  over  the 
knife-odgo.  He  should  sdze  the  knife  with  his  left  hand,  rest  the  back  of  it  upon 
the  edge  of  the  table,  into  one  of  tho  notches,  made  to  prevent  it  firom  slipping,  and 
merely  turn  its  edge  sometimes  upright  and  sometimes  to  one  dde.  Then  holding  the 
squared  piece  of  cork  by  its  two  ends,  between  his  finger  and  his  thumb,  he  presenti 
it  in  the  direction  of  its  length  to  the  edge ;  the  coric  is  now  smoothly  cut  into  a 
rounded  form  by  beimc  dexterouslv  turned  in  the  hand.  He  next  cuts  off  the  two 
ends,  when  the  cork  is  finished  and  thrown  into  the  proper  basket  alougside,  to  be 
afterwards  sorted  by  women  or  boys. 

Of  late  years  much  thidcer  kinds  of  cork  boards  have  been  imported  trtm 
Catalonia,  m>m  which  longer  and  better  corks  may  be  made.  In  the  ait  of  cock- 
cutting  the  French  surpass  the  English,  as  any  one  may  convince  himself  }fj 
.  comparing  the  corks  of  their  champagne  bottles  with  those  made  in  this  oountry. 

Cork,  on  account  of  it^  buoyancy  in  ^ter,  is  extensivdy  omploj^  fior  mti^iflf 
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floftts  to  fiflhennen's  nets,  and  in  the  oonstroction  of  life-boats.    Its  impermeability  to 
water  has  led  to  its  emplo^ent  for  inner  soles  to  shoes. 

When  ooric  is  rasped  into  powder,  and  subiectod  to  chemical  solvents,  snch  as 
alcohol,  &C.,  it  leaves  70  per  cent,  of  an  insoluble  substance,  called  suberine.  When 
it  is  treated  with  nitric  add,  it  yields  the  following  remarkable  prtiducts : — White 
fibrous  matter  0*18,  resin  14*72,  oxalic  acid  16*00,  suberic  acid,(peculilEtr  add  of  cork) 
14*2,  in  100  parts.  ' 

A  patent  was  obtained  some  years  ago  for  machine  cork-cutting.  The  cutting  6f 
the  ooric  into  slips  isefi&cted  by  fixing  it  upon  the  sliding  bod  of  bn  eilgino,'  and 
bringing  it,  by  a  progressive  motion,  under  the  action  of  a  drcular  knife,  by  which 
it  is  cut  into  slips  of  equal  widths.  The  nature  or  construction  of  a  machine  to  be 
used  for  this  purpose  may  be  easily  conceived,  as  it  possesses  no  new  mechanical 
feature,  except  in  its  application  to  cutting  cork.  The  motion  communicated  to  the 
knife  by  hand,  steam,  horse,  or  other  power,  moves  at  the  same  time  the  bed  also 
which  carries  the  cork  to  be  cut 

The  second  part  of  the  invention,  viz.,  that  for  separating  the  cork  into  square 
pieces,  after  it  Has  been  cut  into  slips  as  above,  is  efib<^ed  by  a  moving  bed  as  before, 
uDon  which  the  slips  are  to  be  placed  and  submitted  to  the  action  of  a  cutting  lever, 
which  may  be  regidated  to  chop  the  cork  into  pieces  of  any  given  length. 

The  third  part  of  the  invention,  viz.,  that  for  rounding  or  finishing  the  corks,  con- 
sists of  an  engine  to  which  is  attached  a  circular  knife  that  turns  vertically,  and  a 
carriage  oat  frame  upon  its  side  that  revolves  on  its  axle  horizontally. 

The  carriage  or  name  contains  several  pairs  of  clamps  intended  respectively  to 
bold  a  piece  of  the  square  cut  cork  by  pressing  it  at  the  ends,  and  carrying  it  length- 
ways perpendicularly.  The  wood  of  the  Anona  palustriSf  growing  in  the  West  Indies, 
is  so  soft  that  corks  are  made  of  it    It  is  hence  called  Cobk-Wood. 

COXVBO.    An  ore  of  quicksilver  found  in  Spain,  is  so  called  locally. 

COSOMAVBBXi  ^WTOOB.    The  wood  of  the  JHotpyroB  hirsuta, 

OOBOZOy  C0S08S0.  Vegetable  /oor^.— The  commercial  names  for  the  fruit  of 
the  Phytelephae  maerocarpat  a  spedes  of  Bnudlian  pahn.  It  is  called  the  Tagua  Nut 
in  South  America.  It  grows  on  the  braders  of  the  nver  Magdalena  in  great  abundance, 
and  the  nuts  are  largely  imported.  The  natives  of  the  dismcts  where  the  tree  grows 
have  been  in  the  habit  from  time  immemorial  of  using  this  vegetable  ivory  for  making 
buttons,  heads  of  walking-sticks,  &c  It  is  used  largely  in  t&s  country  in  the  place 
of  ivory,  but  it  does  not  keep  its  colou;r  well.     See  Ivobt,  Vbqbtablb. 

COmmoanm  SVBUOCATB,  Chloride,  or  ProtoeUoride,  of  Mercury,  {Dmto^ 
cldorure  de  mercure,  Fr. ;  Aet^endee  Quecksilber  SublinuU,  Ger.),  is  made  by  subliming 
a  mixturo  of  2^  parts  of  sulphate  of  oxide  of  mercury,  and  1  part  of  sea-salt,  in  a 
stone-ware  cucurbit  The  sublimate  rises  in  vapour,  and  encrusts  the  globular  glass 
capital  with  a  white  mass  of  small  prismatic  needles.  Its  specific  gravity  is  6*225. 
Its  taste  is  acrid,  stypto-metallic,  and  exceedingly  unpleasant  It  is  soluble  in  16 
parts  of  water,  at  tlie  ordinary  temiperature,  and  in  less  than  three  times  its  weight 
It  dissolves  in  2j-  times  its  weight  of  cold  alcohol.  It  is  a  very  deadly  poison.  Kaw 
white-of-egg  swallowed  in  profusion  is  the  best  antidote.  A  solution  of  corrosive 
sublimate  nas  been  long  employed  for  preserving  soft  anatomical  proparations.  By 
this  means  the  corpse  of  Colonel  Morland  was  embalmed,  in  order  to  be  brou^t  from 
the  seat  of  war  to  rtma.  His  features  remained  unaltered,  only  his  skin  was  brown, 
and  his  body  was  so  hard  as  to  sound  like  a  piece  of  wood  when  struck  with  a  hammer. 

In  the  work  upon  the  dry  rot,  published  by  Mr.  Knowles,  Secretary  of  the  Committee 
of  Inspectors  of  the  Navy,  in  1821,  corrosive  sublimate  is  enumerated  among  the 
'  chemical  substances  which  have  been  prescribed  for  {^eventing  the  dry  rot  in  timber ; 
and  it  is  well  known  that  Sir  H.  Da^r  had,  several  years  before  that  date,  used  and 
recommended  to  the  Admiralty  and  Navy  Board  corrosive  sublimate  as  an  anti-dry  rot 
application.  It  has  been  since  extensively  employed  by  a  joint-stock  company  for  the 
same  purpose,  under  the  title  of  Eyan*s  Patent 

The  preservative  liquid  known  as  Chadbtfs  Solution,  which  is  employed  for  pro- 
serving  wood  and  anatomical  preparations,  is  composed  as  follows : — ^Bay  salt  4  os., 
alum  2  oz.,  corrosive  sublimate  2  grains,  water  2  pints. 

COBmvOATBB  ZmOV.     See  Inox. 

OOKUIIJIUM.  This  mineral  spedes  contains  sapphire,  corundum  stone,  and 
emery.    It  consists  of  alumina,  moro  or  less  coloured  by  metallic  oxides. 

The  perfectly  white  crystals  of  sapphire  are  pure  alumina. 

There  are  two  varieties  of  the  per^t  corundum :  the  sapphire  so  called,  and  the 

oriental  ruby ;  of  which  the  latter  has  a  rather  less  spedfic  gravity,  bdns  8*9  against 

.  8*97.  Thdr  form  is  a  slightly  acute  rhombohedron,  which  possesses  double  refraction, 

.  and  is  inferior  in  hardness  only  to  the  diamondt    Tl^®  sapphire  ocpOTB  also  in  0-b|4^ 

'  prisms.    SeeEicBBT;  I^tbtj  Saffhibb.  
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OorundwHt  or  Corane,  is  the  Indian  name  for  the  mineral  called  also  Adamantine 
•p^.  The  Chinefle  spedmanB  haye  a  grey  colour,  but  the  Tariot^  from  India  is 
whiter.  The  extreme  hardness  of  this  substance,  scratching  everything  except  diamond, 
renders  it  remarkably  Ysluabla  to  lapidaries  and  seal-cutters.  It  is  but  little  softer 
than  the  ruby,  sap^ire,  or  oriental  topaz.  It  is  tea  superior  to  emery  for  grinding, 
and  is  used  throughout  India  and  China  for  polishing  stones,  &c.  Luge  deposits  of 
crystalline  corundum  have  recently  been  discovered  in  North  Carolina,  TJ.S.,  and  have 
been  worked  commercially,  especially  at  Corundum  HiU,  in  Macon  Co.  The  corundum 
occurs  in  veins  running  through  serpentine,  and  is  associated  with  ripidolite,  jeffere- 
site,  &c 

COSTmAJnorCK  a  mining  term,  from  the*  old  Cornish  Cothas  steau,  faXLen  ot 
dropped  tin.  It  signifies  the  practice  of  sinking  pits  in  search  of  lodes  across  the  line 
of  direction  yMch  the  tin  lodes  usually  traverse  in  Cornwall. 

OOTTOV  is  a  vegetable  fibre  covering  the  entire  surface  of  the  seeds  of  species  of 
Gossypium — plants  which  belong  to  the  natural  order  Mdvacea,  Cotton  is  unlike  any 
other  textile  fibre  used  in  commerce  in  the  &ct  that  it  is  a  hair  formed  of  a  single 
oelL  In  the  vegetable  world  there  is  an  almost  endless  series  of  cell-forms,  marked 
by  the  two  extremes  of  a  perfectly  spherical  cell,  and  of  a  cell  so  attenuated  as  to 
be  neariy  e^lindrioal.  The  latter  form  is  characteristic  of  cotton.  In  its  early  stage, 
the  cotton  hair  consists  of  a  hoUow  tube,  a  transverse  section  of  which  would  pceeent 
an  elliptical  outline ;  but  in  the  course  of  growth,  partly  from  the  pnssure  of  contiguous 
hairs,  and  partly  from  a  loss  of  moisture,  the  cylinder  collapses  and  becomes  tape-like 
in  form.  The  collapse  is  not  uniform,  however ;  all  down  the  centre  of  the  hair  the 
sides  are  parallel,  but  at  each  edge  a  ri<i^  is  formed  by  the  £olding  of  the  oell-walls. 
The  hair  thus  comes  to  have  the  form  of  an  ordinary  railway  rail,  and  its  transverse 
section  presents  the  general  appearance  of  a  cUimb-bdL  The  two  rounded  edges  of  the 
hab  have,  however,  a  tendency  to  twist  upon  themselves,  and  give  to  it  a  certain  curly 
roughness.  It  is  this  characteristic  of  ootton  which  makes  it  especially  valuable  for 
spinning  purposes ;  the  ooirugations  of  the  sur&ce  helping  to  bind  the  fibres  together, 
and  to  give  strength  and  elasticity  to  the  thread. 

Many  other  vegetable  hairs  have  been  tried  as  substitutes  for  cotton,  such  as  the 
<  cotton  grass,'  (Knopiorum)  often  seen  upon  bogs  and  moors,  but  they  have  all  &iled, 
because  they  are  not  formed  of  a  single  luur,  but  of  a  linear  series  of  hairs  united  by 
their  extremities.  In  all  such  cases  the  points  of  union  of  the  several  cells  form  knots 
in  the  fibre  which  render  the  hairs  liable  to  entanglement  and  severance  when  acted 
upon  bv  machinery.  Other  substitutes  for  ootton,  which  have  resembled  it  in  being 
uni-cellular,  have  nevertheless  f&iled  from  being  too  short 

The  fibre  of  cotton  is  the  longest  uni-oellular  hair  known  in  the  vegetable  kingdom, 
and  its  length  varies  with  the  species,  or  according  to  the  locality  in  which  it  is  grown. 
It  is  this  variability  in  the  length  of  the  fibre — in  commercial  language  its  '  staple ' — 
which  is  the  most  important  fM^r  in  determining  the  price ;  the  longer  the  staple 
the  more  it  is  worth.  The  descripUon  of  ootton  which  has  tiie  longest  staple  is  known 
as  Sea  Island,  the  average  lengUi  being  1*61  indi;  Sg^rptian  stands  next,  with  a 
fibre  of  1*41  inch;  then  Peruvian,  1*30  indi;  Brazilian,  1*17  inch;  New  Orleans, 
1*02  inch ;  and  finally  Indigenous  Ekist  Indian,  0*89  inch  of  average  length. 

Comparatively  little  attention  has  yet  been  directed  (and  that  only  within  recent 
years),  to  the  improvement  of  the  essential  qualities  of  cotton  fibre.  And  it  may  be 
asserted  that  a  wide  field  lies  yet  before  the  cultivator  for  Uie  adoption  of  such  methods 
of  irrigation,  manuring,  hybridisation,  and  general  treatment  as  will  lead  to  future 
developments  of  these  qualities,  and  to  an  enlarged  production  of  the  plant.  The 
enormous  changes  which  modem  agriculturists  have  brought  about  by  the  treatment^ 
on  scientific  principles,  of  cereals  and  root  crcffis  are  probablv  not  more  marvellous  than 
those  which  another  generation  may  see,  with  due  care  and  method,  in  the  culture  of 
cotton.  Cultivators  have  got  to  discover,  from  careful  analysis,  what  materials  they 
can  add  to  the  soil  to  increase  the  strength,  length,  whiteness,  and  lustre  of  the  hair; 
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wbftt  modifications  they  can  make  in  the  management  of  the  plant  for  the  pnipose  of 
making  its  growth  possible  in  districts  hitherto  found  nnsoitable.  There  was  a  time 
when  not  even  the  cherry — ^mnoh  less  the  grape— would  scarcely  ripen  upon  the  Bhine, 
a  district  which  the  fostering  care  of  man  has  at  length  transformed  into  a  fertile 
wine-produdng  region.  Much  progress  is  also  possible  in  the  way  of  hybridisation 
and  earefial  selection  of  seed,  by  bringing  into  existence  firesh  varieties,  which  shall 
perpetuate  the  best  characteristics  of  their  progenitors.  The  practice  of  hybridisation 
18  a  department  of  cotton-culture  which  has  not  met  with  the  attention  it  deserves.. 
The  experiments  in  this  direction  of  M^'or  Trevor  Olarke,  whose  persevering  efibrta  to 
improve  the  native  Indian  varieties  are  well  known,  have  shown  the  great  value  of 
this  oUss  of  reseaidL 

The  number  of  species  of  Gossypium  producing  the  cotton  of  commerce  has  been 
very  variously  estimated ;  but  Farlatore,  the  writer  of  one  of  the  most  recent  mono- 
graphs upon  this  genus  (Le  Bpeeie  dei  Cotoni,  Firense,  1866),  describes  and  figures 
seven  good  species.  So  great,  however,  is  the  multitude  of  forms  at  present  in  culti- 
vation, that  authorities  are  by  no  means  ag^reed  as  to  which  of  these  forms  are  to  be 
reckoned  as  specific.  But  the  opinion  of  competent  botanists  is  gaining  ground  that 
all  these  forms  have  descended  from  the  three  following  species: — Go$8j/pmm  arboreum, 
the  true  ootton  of  the  Indian  peninsula,  and  of  the  island  of  Celebes ;  O-,  barbadenu^ 
the  Barbadoes  or  Bourbon  cotton,  from  which  has  probably  originated  the  celebrated 
Sea  Island  cotton ;  and  G.  herbaoeum,  or  the  common  cotton  of  the  East  Indies,  China, 
and  the  Malay  Aidiipelago. 

COTTOV  BTSnrO.    See  Dtbimo. 

COTTOV  r AOTOKTf  or  OOTTOV  MIIA.  These  terms  are  employed  indis- 
criminately for  the  purpose  of  describing  any  building  or  set  of  buildings,  m  which  the 
TOOcesses  of  spinning  or  of  weaving  ootton  by  the  aid  of  machinery  are  carried  on. 
Establishments  of  this  kind  are  often  of  great  magnitude,  giving  enoployment  to  large 
numbers  of  work-people,  and  producing  many  varieties  of  fabric.  But  whether  it  bo 
large  or  small,  whether  its  productions  be  of  one  kind  or  of  many  kinds,  a  cotton 
&ctory  needs  to  be  arranged  in  a  certain  order,  and  its  successive  processes  must  bo 
suitably  organised.  The  hands  and  heads  of  those  who  labour  must  be  specially 
trained  and  habituated  to  their  several  parts,  and  the  whole  operation  conducted  with 
the  greatest  attainable  regularity,  and  with  the  least  possible  interruption  at  the  suc- 
cessive stages  of  the  wor£  In  this  manner  is  secured  that  harmomous  eo-operation 
which  is  scarcely  less  essential  to  economy  of  manufacture  than  is  the  use  of  steam  or 
water  power. 

The  successive  operations  carried  on  in  the  manu&cture  of  cotton  will  be  more  fully 
described  elsewhere ;  meanwhile  the  following  synthetie  view  may  famish  the  reader 
with  a  general  notion  of  their  nature  and  their  order : — 

1 .  The  mixing  and  opening  up  or  loosening  the  cotton  wool,  as  imported  in  the  bales, 
so  as  to  separate  at  once  uie  coarser  and  heavier  impurities  as  well  as  those  of  a 
lighter  and  finer  kind. 

2.  The  wUlomng^  scratching,  or  hUntnng^  an  operation  which  removes  the  seeds  and 
dirt,  and  prepares  the  material  in  the  form  of  a  continuous  lap  or  rolled  sheet  for  the 
next  process. 

3.  The  carding,  which  is  intended  to  disentangle  every  tuft  or  knot,  to  remove  every 
remaining  impurity  which  might  have  eluded  the  previous  operation,  and  finally  to 
prepare  for  arranging  the  fibres  in  parallel  lines,  by  laying  the  cotton  first  in  a  fieecy 
web,  and  then  in  a  nband  form. 

4.  The  doubling  and  drawing  out  of  the  card-ends  or  ribands,  in  order  to  complete 
the  parallelism  of  the  filaments,  and  to  equalise  their  quality  and  texture. 

5.  The  slttbbing  operation,  whereby  the  drawings  made  in  the  preceding  process  are 
greatly  attenuated,  with  no  more  twist  than  is  indispensable  to  preserve  the  uniform 
continuity  of  the  spongy  cords. 

6.  The  intermediate  stubbing,  another  doubling  and  further  attenuation,  which  is 
however,  omitted  in  the  spinning  of  coarse  yams. 

7.  The  roving,  which  is  simply  a  repetition  of  the  doubling  and  drawing  accom- 
plished in  the  intermediate  process,  but  leaving  the  cotton  in  a  still  more  attenuated 
condition  ready  for  the  next  process. 

8.  The  spinning  process,  which  completes  the  extension  and  twisting  of  the  yam. 
This  is  accomplished  either  with  the  throstle  or  the  mule.  By  means  of  the  former 
machine  the  thread  is  spun  with  a  larger  proportion  of  turns  or  twists,  and  is  thus 
mnde  tough  and  strong  for  purposes  requiring  yam  that  will  not  readily  break — as  in 
the  warps  of  stout  fabrics.  By  moans  of  the  latter,  yarns  of  less  strength  are  produced, 
such  as  the  warps  of  lighter  fabrics,  and  wefts  of  all  kinds.  The  latter  process,  being 
the  less  costly  of  the  two,  is  preferred  in  cases  where  its  results  are  otherwise  suitablo 
to  the  particular  ^nd  in  view, 
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ti!  The  yarn  thus  oompleted  is  now  converted  into  the  specsial  ftbrio  for  which,  it  \u», 
been  prepared— by  one  or  other  of  the  following  procossei: — 

a.  Weaving  for  which,  however,  «eftain  prepasatory  operations  are  needed.  T\»  ■ 
warps  must  be  formed,  first,  by  toindrng  thie  yam  on  large  boblrine, .  one  continuoiia 
thread  on  each.  From  a  given  number  of  bobbins  the  requisite  number  of  thr&idM. 
are  then  laid  side  by  side  upon  beams.  These  again  are  passed  through  the  tisb^g . 
machine,  which  adds  strength  and  dastidty  to  the  threads  of  the  warp,  enabling  them 
more  successfully  to  resist  the  necessary  strain  of  wearing.  The  wdt  needs  no  pre* 
paration  after  leaving  the  mule,  but  is  placed  at  onoe  in  the  form  of  a  *  cop '  into  the 
shuttle. 

6.  Doubling, — ^In  this  process  two  or  more  threads  are  twisted  together ;  the  doubled . 
yam  being  then  either  converted  into  warps  for  woven  goods  of  special  strength,  such 
as  double  warp  calicoes,  fustians,  velveteens,  and  cotton  velvets ;  or  is  carried  forward 
through  one  or  other  of  the  following  operations. 

0.  Beding  and  Binding, — ^Here  the  yam  is  wound  into  reels  or  skdns  and  packed 
in  bundles  for  the  purpose  of  exportation,  or  for  dyeing  or  bleaching^  or  for  the  manu- 
ihcture  of  hosiery. 

d.  Singeing  and  BoUshing, — "Bj  the  first  of  these  processes  the  thread  passes  through 
jets  of  gas  &me,  and  thus  loses  its  superfluous  fibres ;  by  the  laUer,  having  first  b^ 
dyed,  it  acquires  a  high  degree  of  glossiness,  and  is  then  used  for  admixture  with  silk 
in  the  mixed  goods  which  of  late  years  have  become  popular,  under  the  designation  of 
Japanese  silks,  &c 

There  are  few  instances  in  which  the  whole  of  these  operations  are  carried  on  in  the 
same  fiictory.  To  a  large  extent  even  the  two  main  divisions — spinning  and  weaving 
— ^are  the  work  of  separate  firms  and- establishments.  Usually,  however,  Uieee  two  are 
combined.  In  order  the  better  to  illustrate  these  main  features  of  the  factory  system, 
we  now  proceed  to  describe  a  concrete  example — that  of  a  cotton  mill  at  Stockport, 
containing  61,400  throstle  and  mule  spindles,  and  1,820  looms. 

The  mill  consists  of  a  main  body  with  two  lateral  wings,  projecting  forwards^  the 
latter  being  appropriated  to  store-rooms,  a  counting-house,  rooms  for  winding  the 
yam  on  bobbins,  and  other  miscelUneous  purposes..  The  building  has  six  fiocHs, 
besides  the  attic  story.  The  ground-phm  comprdiends  a  plot  of  ground  280  feet  long 
by  200  broad,  exclusive  of  the  boiler  sheds. 

The  right-hand  end,  a  {fig.  638)  of  the  principal  building,  is  separated  from  the 
main  body  by  a  strong  wall,  and  serves  in  the  three  lower  stories  for  acoommodating 
two  ninety-horse  steam-engines,  which  are  supplied  with  steam  from  a  range  of  boilers 
contained  in  a  low  shed  exterior  to  the  milL 

The  three  upper  stories  over  the  steam-engine  gallery  are  used  for  unpacking, 
sorting,  picking,  cleaning,  willowing,  and  lapping  the  cotton  wooL  Here  are  the 
willow,  the  blowing,  and  the  lap  machines,  in  a  descending  order,  so  that  the  lap 
machine  ocsupies  the  lowest  of  the  three  fioors,  beinpr  thus  most  judiciously  placed  on 
the  same  level  with  the  preparation  room  of  the  bmlding.  On  tlks  fourth  main  floor 
of  the  &ctory  there  are,  in  the  flrst  place,  a  line  of  carding  engines  arranged  near 
and  parallel  to  the  windows,  as  shown  at  b  b,  in  the  ground  plan  {fig,  538),  and,  in 
the  second  place,  two  rows  of  drawing  frames,  and  two  of  bobbin  and  fiy  friimes,  in 
alternate  lines,  parallel  to  each  other,  as  indicated  by  d,  c,  d,  c,  for  the  drawing 
frames,  and  ■,  b,  b,  b,  for  the  bobbin  and  fiy  frames  in  the  g^round  plan.  The  latter 
machines  are  close  to  the  centre  of  the  apartment. 

The  two  stories  next  under  the  preparation  room  are  occupied  with  throstle  frames, 
distributed  as  shown  at  f  f,  in  the  ground  plan.  They  stand  in  pairs  alongside  of 
each  other,  whereby  two  may  be  tended  by  one  person.  These  pnndpal  rooms  are 
280  feet  long  and  nearly  50  f^et  wide.  The  two  stories,  over  the  preparation  room, 
viz.,  the  fifth  and  sixth  fioors  from  the  ground,  are  appropriated  to  the  mule  jennies, 
which  are  placed  in  pairs  fronting  each  other,  so  that  each  pair  may  be  worked  by  one 
man.  Their  mode  of  distribution  is  shown  at  a  o,  in  the  ground  plan.  The  last 
single  mule  is  seen  standing  against  tiio  end  wall,  with  its  head-stock  projecting  in  the 
middle. 

The  ground  fioor  of  the  main  building,  as  well  as  the  extend ve  shed  abutting  belund 
it,  marked  by  k,  h,  u,  in  the  plan,  is  devoted  to  the  power  looms,  the  mode  of  placing 
which  is*plainly  seen  at  h,  H,  u. 

The  attic  story  accommodates  the  winding  frames,  and  warping  millSi  and  tho  warp 
siring  machines,  subservient  to  power  weaving. 

Some  extra  mules  (self-actors),  are  placed  in  the  wings. 

We  shall  briefiy  sum  up  the  references  in  the  ground  plan  ai  follows : — 

▲,  the  ground  apartment  for  the  steam-engines. 

B,  tho  distribution  of  the  carding  engines,  the  moving  shaft  or  axis  nm^og  in  • 
ptraight  Ijnp  through  them,  wf^^  its  pulleys,  for  receiving  tl^^  dririofif  bands, 
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c  c,  the  drawing  frames. 

D  D,  the  jack,  or  ooarso  bobbin  and  fly  frames. 

538 


639 


II B,  the  fine  loring,  or  bobbin  and  fly  frames. 

t.  the  arrangement  of  the  throstle  frames,  standing  in  pairs  athwart  the  galleiy,  in 
the  2nd  and  drd  flats. 
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G,  the  mules  are  here  represented  by  their  roller  beams,  and  the  outUnes  of  their 
head-stocks,  as  placed  in  the  6th  and  6th  stories. 

H,  the  looms,  with  their  driying  pulleys  projecting  from  the  ends  of  their  main  axes. 
Sometimes  the  looms  are  placed  in.  parallel  straight  lines,  with  the  rigger  pulleys  of 
the  one  alternately  prqjected  morB  than  the  other,  to  permit  the  firee  play  of  the 
driving-belts ;  sometimes  the  looms  are  placed,  as  generally  in  Uiis  engraving,  alter- 
nately to  the  right  and  left,  by  a  small  space,  when  the  pulleys  may  all  project  equally. 
The  former  plan  is  the  one  adopted  in  Hr.  Orrell's  mill. 

I,  represents  the  cast-iron  girders  which  support  the  floors,  of  this  fixe-p»xtf 
building. 

X,  K,  are  closets  placed  in  each  floor,  in  the  recesses  of  a  kind  of  plasters  built 
against  the  outside  of  the  edifice.  These  hollow  shafts  are  joined  at  top  by  horizontal 
pipes,  which  all  terminate  in  a  chest  connected  with  the  suction  axes  of  a  fan,  whereby 
a  constant  draught  of  air  circulates  up  the  shafts,  ventilates  the  apartments,  and  pre- 
vents the  reflux  of  ofiensive  effluvia  from  the  water-closets,,  however  careless  the  woriL- 
people  may  be.  The  closets  towards  the  one  end  of  the  building  axe  destined  for  the 
^  men ;  towards  the  other  for  the  women. 

L,  L,  are  the  staircases,  of  a  horse-shoe  form,  the  interior  space  or  shaft  in  the  middle 
being  used  for  the  teagle  or  hoist.  In  the  posterior  part  of  tne  shaft  a  niche  or  groove 
is  left  for  the  counter-weight  to  slide  in,  out  of  the  way  of  the  ascending  and  descend- 
ing platform. 

If,  If,  are  the  two  porters'  lodges,  connected  to  the  comer  of  each  wing  by  a  hand- 
some iron  balustrade.    Thev  are  joined  by  an  iron  gate. 

It  will  be  'observed  that  the  back  loom-shed  has  only  one  story,  as  shown  in  section 
(fiff*  6^0).  In  the  ground  plan  of  the  shed,  n  represents  the  rooflng,  of  wood-work. 
The  rafters  of  the  floors  rest  at  their  ends  upon  an  iron  plate,  or  shoe  with  edges  (as 
it  is  called),  for  the  girders  to  bear  upon. 

The  power  for  driving  the  machinery  is  convqred  from  the  engine-rooms  by  shafting 
in  the  usual  manner.  To  the  horizontal  ramifications  from  the  upright  shaft  any 
desired  velocity  of  rotation  may  be  given  by  duly  propmtioning  the  dhuneters  of  the 
bevelled  wheels  of  communication  between  them ;  thus,  if  the  wheel  on  the  end  of  the 
horizontal  shaft  have  one-half  or  one-third  the  diameter  of  the  other,  it  will  give  it  a 
double  or  a  triple  speed. 

In  the  lowest  fioor,  the  second  bevel  wheel  above  the  stone  block  drives  the  hori- 
zontal shaft  €,  seen  in  the  ground  plan  ;  and  thereby  the  horizontal  shaft  /,  at  right 
angles  to  the  former,  which  runs  throughout  the  length  of  the  building,  as  the  other 
did  through  its  breadth,  backwards.  The  shaft  /  lies  alongside  of  the  back  window 
wall,  near  the  ceiling ;  and  fix>m  it  the  transverse  slender  shafts  proceed  to  the  right 
and  left  in  the  main  building,  and  to  the  shed  behind  it,  each  of  them  serving  to  drive 
two  lines  of  looms.  These  slender  or  branch  shafts  ore  mounted  with  pulleys,  each  ol 
which  drives  four  looms  by  four  separate  bands. 

In  the  second  and  third  floors,  where  the  throstles  are  placed,  the  shaft  d  is  seen  in 
the  section  to  drive  the  following  shafts : — 

Upon  the  main  upright  shaft  d  {fig,  640),  there  are  in  each  of  these  stories  two 
horizontal  bevel  wheels,  with  their  faces  fronting  each  other  (shown  plainly  over  d  d), 
by  which  are  moved  two  smaller  vertical  bevel  wheels,  on  whose  respective  axes  are 
two  parallel  shafts,  one  over  each  other,  g  ^,  which  traverse  the  whole  length  of  the 
building.  These  two  shafts  move  therefore  with  equal  velocities,  and  in  opporite 
directions.  They  run  along  the  middle  space  of  each  apartment ;  and  wherever  they 
pass  the  rectangular  line  of  two  throstle  frames  (as  shown  at  f  in  the  ground  plan) 
they  are  each  provided  with  a  pulley ;  while  the  steam  pulleys  on  the  axes  of  two 
contiguous  throstles  in  one  line  are  placed  as  far  apart  as  the  two  diameters  of  the 
said  shaft-pulleys.  An  endless  strap  goes  ttom  the  pulley  of  the  uppermost  horizontal 
shaft  round  the  steam  or  driving-pmley  of  one  throstle  frame ;  then  up  over  the  pulley 
fft  the  second  or  lower  shaft,  g ;  next  up  over  the  steam  pulley  of  a  second  throstle ; 
and,  lastly,  up  to  the  pulley  of  the  top  shaft,  g.  See  ^  ^  in  the  throstle  floo^  of  the 
cross  section. 

In  the  preparation  room,  three  horizontal  shafts  are  led  pretty  dose  to  the  ceiling 
through  the  whole  length  of  the  building.  The  middle  one,  k  (see  the  plan,  fig,  538) 
is  driven  immediately  by  bevel  wheels  from  the  main  upright  shaft  d{ftg.  530).  The 
two  side  ones  i,  t,  which  run  near  the  window  walls,  are  driven  by  two  horiionta^ 
shafts,  which  lead  to  these  side  shafts.  The  latter  are  mounted  with  pulleys,  in 
correspondence  with  the  steam  pulleys  of  the  two  lines  of  carding  engines,  as  seoi 
between  the  cards  in  the  plan.  Tlie  middle  shaft  A,  drives  the  two  lines  of  bobbin 
and  fly  frames,  b,  b,  b,  e  (see  cross  section),  and  short  shafts  ^  i,  seen  in  the  cross 
section  of  this  floor,  moved  from  the  middle  shaft  A,  turning  the  gallows  fixed  to  tlie 
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ceilings  over  the  drawing  and  jack  frames,  give  motion  to  the  latter  two  sots  of 
machines.    See  o  D  in  the  cross  section. 
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To  drire  the  mules  in  the  uppermost  stoiy,  a  horizontal  shaft  h  (seo  longitudinal  and 
cross  sections,  as  well  as  ground  plan)  runs  through  the  middle  line  of  the  building, 
and  receives  motion  from  bevel  wheels  placed  on  the  main  upright  shaft,  d^  imme- 
diately beneath  the  ceiling  of  the  uppermost  story.  From  that  horizontal  shaft,  h,  at 
every  second  mule,  a  slender  upright  shaft,  2,  passing  through  both  stories,  is  driven 
(see  both  sections).  Upon  these  upright  branch  shafts  are  pulleys  in  each  story,  one 
of  which  serves  for  two  mules,  standing  baeJc  to  back  against  each  other.  1\>  the 
single  mules  at  the  ends  of  the  rooms,  Uie  motions  are  given  by  still  slenderer  up- 
right shafts,  which  stand  upon  the  head  stocks,  and  drive  them  by  wheel-work,  toe 
steps  (top  bearings)  of  the  snafts  being  fixed  to  brackets  in  the  ceiling. 

In  tiie  attic,  a  horizontal  shaft  m  m,  runs  lengthwise  near  the  middle  of  the  roof, 
and  is  driven  by  wheel-work  from  the  upright  shaft  This  shaft,  m,  gives  motion  to 
the  warping  millB  and  dressing  machin^. 

In  Great  Britain  and  throughout  the  greater  part  of  the  European  continent  the 
motive  power  used  in  cotton  factories  is  derived  almost  entirely  from  steam ;  but  in 
the  United  States  and  in  Switzerland  the  -  large  amount  of  available  river  fall  is  so 
great  that  water-power  is  extensively  employed  in  the  manufacture  of  cotton :  the 
proportion  in  the  United  States  being  2*1  norse-power  of  water  jto  1  horse-power  of 
steam,  and  in  Switzerland  3*4  of  water  to  1  of  steam.  A  further  peculiarity  in  the 
construction  of  American  cotton  mills  is  that  the  motion  is  communicated  from  the 
steam-engine  or  turbine  or  water-wheel,  as  the  case  may  be,  not  through  the  medium 
of  wheels  and  shafting  as  shown  in  our  illustrations,  but  by  means  of  huge  leaUier 
belts  and  drums  or  pulleys.  This  plan,  originating,  no-  doubt,  in  the  formerly  very 
high  price  of  iron  in  the  United  States,  is  stated  to  be  more  efiective  and  eoonomical 
than  the  European  method  already  described. 

The  latest  complete  return  of  me  number  and  extent  of  the  cotton  factories  of  the 
United  Kingdom  was  presented  to  Parliament  in  1871.  From  this  return  we  give  the 
following  particulars  :— 

Cotton  Factories  in  Great  Britain  and  Ireland, 

Number  of  cotton  factories    ....  2,483 

„         carding  engines    .        .        .        .         65,960 

„         combing  machines        .        .        .  1^906 

„         spinning  spindles         .        .        .  34,695,221 

„         doubling  spindles         .        .        .    3,523,537 

„         power  looms         .        .        .        .       440,676 

„         power  loom  weavers     ...        «        165,341 

Amount  of  steam-power  (horse-po wot)  .        ,       300,480 

„        wat^r-power      '    „        :     .        .  $,890 

Total  number  of  pei^sons  employed    '     .        .       449,087 

The  growth  during  recent  years  of  the  cotton  manufacture  in  the  United  Kingdom 
may  be  pretty  accurately  gauged  by  the  comparison  of  a  few  particulars  from  the  last 
four  Parliamentary  returns,  those  of  1856,  1861,  1868,  and  1871.    Thus : — 


Number  of 

1856 

1861 

1868 

18n 

Spinning  spindles' 
Power  looms         . 
Persons  employed 

28,010,217 
298,847 
379,213 

30,387,467 
399,992 
451,569 

32,000,014 
379,329 
401,064 

34,695,221 
440,676 
449,087 

In  the  United  States  the  progress  of  the  cotton  manufacture  has  been  since  1860 
relatively  much  more  rapid  than  in  this  country.  From  the  Census  returns  of  1860 
and  1870,  the  only  complete  and  official  statistics  bearing  upon  this  subject,  we  take 
the  annexed  figures : — 

Cotton  Factories  in  the  United  States, 
I860 
5,235.727 
126,319 


Number  of  spindles 
„         power  looms 


persons  employed 


122,028 


1870 
7,132,414 
157,310 
135,369 


The  following  estimate,  based  upon  c^ial  returns  or  upon  a  comparison  of  the  best 
accessible  infoi*mation,.<^  the  number  of  cotton  spinning  spindles  and  the  weight  of 
cotton  consumed  in  each  of  the  manufacturing  countries  in  Europe  awl  Ankenca  will 
furnish  an  approximately  correct  idea  of  the  relative  importance  of  the  coUon  indiwtrj 
in  each  at  the~pMfl6nt  time  (1874)  : — 
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Spindles  Oofcton  oonsnmed,  Ibf . 

Great  Britain  and  Ireland  .        .        .  35,600,000  1,264,000,000 

United  States 8,000,000  476,000,000 

France 6,200,000  197,000,000 

Germany 6,100,000  228,000,000 

Switserland 2,600,000  66,000.000 

RoBsia 2,000,000  120,000,000 

Austria 1,600,000  106,000,000 

Spain.                 .*       .        .                 .  1,400,000  67,000,000 

Belgium 660,000  27,000,000 

Italy 600,000  24,000,000 

Sweden,  Norway,  and  Denmark  .        .  300,000  18,000,000 

HoUand 260,000  9,000,000 

Total      .        .        .  63,000,000  2,692,000,000 

COTTOV-Cinr.  The  peat  mass  of  seeds  with  which  the  woolly  fibres  of  cotton 
are  accompanied,  and  to  which  they  adhere  most  tenaciously,  must  of  necessity  be  re- 
moyed  before  the  cotton  can  bo  turned  to  any  useful  purpose.  This  operation,  called 
ginning,  is  always  performed  as  near  as  possible  to  the  place  of  growth.  Formerly  the 
object  was  effected  by  the  rudest  handicraft  methods,  such  as  are  indeed  still  followed 
in  some  parts  of  India.  These  methods  were,  however,  very  slow  and  costly.  It  was, 
therefore,  an  important  step  forward  in  the  history  of  cotton  culture  when  Eli  Whitney, 
an  American,  in  the  year  1798,  made  known  his  in-  , . , 

rention  of  the  saw-gin.  The  working  of  this  machine  _^ 

will  be  readily  understood  on  reference  to  /^.  641,  1^       T 

where  ▲  b  is  a  sectional  view  of  a  roller,  about 

9  inches  in  diameter,  revolTing  in  the  direction  of  the 

arrow.    Throughout  the  length  of  the  roller  a  series     --- 

of  circular  saws,  at  intervals  of  about  an  inch  and    ^ 

a  half,  projects  beyond  the  wooden  portion  of  it.  ^^"gf^ffg'^i' 

Above  toe  cylinder,  a  hopper  b  f  contains  the  seed  ^^^tjjfr 

cotton,  which  £ills  upon  a  grating,  so  placed  as  to 

allow  the  teeth  of  the  saws  when  revolving  to  lay  hold  of  the  fibres  of  cotton  and 

pull  them  through  the  gmting.    The  seeds  being  thus  left  behind  roll  down  the  slope 

of  the  grating,  and  are  discharged  at  the  spout  i  k.    The  brush  u  revolves  against  the 

teeth  of  the  saws  for  the  purpose  of  clearing  them  of  the  adherent  fibres. 

The  saw-gin  has  in  several  respects  been  modified  since  its  invention,  with  the  effect 
of  considerably  increasing  the  out-turn,  but  the  principle  remains  essentially  the  same 
as  we  have  described.  The  quality  of  its  work,  however,  leaves  room  for  improvement. 
The  rough  teeth  of  the  saws  do  not  use  the  fibre  gently  enough,  but  cut  and  '  nep '  or 
knot  it,  especially  when  the  machine  is  allowed  to  get  out  of  order  or  is  carelessly 
employed.  Quite  recently,  an  American  inventor  has  hit  upon  an  expedient  which  is 
said  to  go  far  towards  remedying  these  defects.  This  modification  consists  in  substitu- 
ting, for  the  circular  saws,  rows  of  pointed  smooth  steel  wire  teeth,  which,  whilst  effectual 
for  the  purpose  of  drawing  away  tbe  cotton  from  the  seeds,  present  no  rough  comers  or 
surfaces  to  the  passing  fibre. 

Calvert's  tootaed  roller  gin,  illustrated  hy  Jig,  642,  may  be  considered  as  a  modifi- 
cation of  the  saw-gin.  a  is  a  perspective  and  o  a  sectional  view,  a  is  a  box  to  hold 
the  seed  cotton,  b  is  the  hopper,  and  d  is  the  toothed  roller  which  draws  away  the 
cotton,  whilst  the  disengagement  of  the  seeds  is  aided  by  the  fiuted  roller  c. 

The  Macarthy  gin  di&rs  £rom  the  saw-gin  mainly  in  substituting  for  the  saws  a 
roller,  covered  longitudinally,  at  intervals,  with  strips  of  leather  set  on  spirally.  A 
blunted  knife,  working  alternately  up  and  down  at  riffht  angles  to  the  axis  of  the  roller 
and  along  its  entire  length,  serves  to  strike  off  the  adherent  seeds  at  the  point  where 
the  fibre  is  being  drawn  through.  This  machine  is  not  capable  of  doing  as  much  woric 
as  the  saw-gin ;  but,  on  the  ouer  hand,  it  delivers  the  cotton  in  very  good  condition, 
and  is  on  this  account  preferred  for  the  longer  stapled  and  more  valuable  varieties. 
Successful  efforts  have  been  made  to  remove  the  objection  to  the  Macarthy  gin  on  the 
ground  of  its  comparatively  small  out-turn,  but  the  inability  of  the  native  labourers 
in  most  cotton-produdng  countries  to  work  and  keep  in  Gtasr  any  but  the  simplest 
mechanical  combinations  has  hitherto  prevented  the  extensiYe  adoption  of  the  improved 
machines. 

Another  variety  of  cotton-gin  is  known  as  the  Lock  Jaw  or  Cowper*s  Gin.  This 
machine  is  intermittent  in  its  action.  It  nips  the  fibre  firmly,  whilst  an  instru- 
ment pushes  off  the  seed ;  then  it  releases  its  nold,  allowing  the  clean  fibre  to  pass 
away.  A  firesh  quantity  is  then  brought  in,  held  in  like  manner,  and  so  detached  &om 

Vol.  I.  3Q 


Digitized  by  VjOOQIC 


962 


COTTON-GIN 


the  seed.    There  is  no  sliding  And  robbing  action,  as  in  the  Maearthy  Giii ;  or  sawing  of 
the  fibre,  as  in  the  saw-gin.    The  closing  of  the  nipping  blade  npon  the  fibre  ia  .ao 

a  542  b 


like  the  action  of  a  jaw,  that  the  resemblance  has  given  to  this  machine  its  best  known 
name. 
Fiff,  648  shows  a  perspectiye  view,  and^.  644  a  section,  of  it:  k  is  the  nipping 


643 
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blade,  b  the  roller  on  which  are  arranged  the  strips  of  leather,  x.  These  oome  into 
action  one  after  the  other,  in  order  to  S>rm  one  side  of  the  pair  of  jaws  to  act  with  the 
nipmng  blade ;  fine  combs,  c,  are  also  attained  to  the  roller  between  the  strips  of 
leatner  (when  short-stapled  cotton  is  being  combed),  s  is  a  shaft,  with  ocanks,  to  mom 
the  beater,  b,  and  excentrics  to  move  tHe  nipping  blade,  m,  which  latter  is  confined 
hj  links,  k,  causing  it  to  move  in  a  cured  elliptacal  path,    ris  abartofiUnpthe 
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ipaee  between  the  roller  and  beater,  and  d  U  a  doflbr  to  take  the  clean  cotton  off  tfao 
roller.  At  the  time  when  the  nipping  blade  n  approaches  the  roller  b,  it  is  moving  in 
the  same  direction,  and  at  the  same  surface  speed ;  and  as  it  approaches  it  nips  upon  the 
fibre,  or  locks  it  fast  between  its  edge  and  the  strip  of  leather  on  the  roller ;  the  beater 
B  then  comes  up  quickly,  and  pushes  off  the  seed  a  short  distance,  thus  separating 
the  fibre  when  it  is  held  dose  up  to  the  seed,  and  obtaining  it,  necessarily,  c^its  full 
natural  length. 

It  will  be  inferred  from  the  description  of  this  invention  that  it  answers  one  of 
the  essentials  of  a  good  cotton-gin  in  that  it  inflicts  little  damage  upon  the  fibre. 
There  is,  however,  in  this  case  as  in  others  the  practical  difficxdty  that  those  who 
have  to  use  the  machine  have  too  little  skill  and  inteUisence  to  use  it  profitably.  A 
further  obstacle  to  the  adoption  of  the  beft  inventions  ^en  they  happen,  as  is  usually 
the  case,  to  be  somewhat  complex,  is  the  great  distance  of  the  cotton-fields  from 
engineering  establishments,  and  the  consequent  impossibility  of  promptly  executing 
the  needful  repairs. 

Enough  has  been  adduced  to  show  that  the  operation  of  cotton-ginning,  simple  as 
it  may  appear  to  be,  occupies  a  prominent  place  in  the  chain  of  processes  by  whi&  this 
natural  product  is  at  last  made  useAil  for  uie  service  of  mankind.  It  is  also  evident 
that  the  various  nteans  at  present  within  reach  for  effecting  the  separation  of  the  fibre 
from  the  seed  are  all  mate  or  less  objectionable.  The  great  losses  arising  from  bad 
ginning  can  acaroely  be  appreciated  by  those  who  are  not  practicallv  acquainted  with 
the  various  qualities  as  they  oome  to  maricet.  We  may  observe,  however,  that  the 
Beport  of  the  Ck>nunis8ioners  appdntod  to  examine  and  value  the  samples  of  cotton 
esdubited  at  the  International  Exhibition  of  1862  estimated  the  average  loss  from  this 
source  at  2'67d.  per  lb. 

COTTOV  OVW.    See  OraiK  Cottox. 

COTTOV-0BSB*  The  practical  utility  of  cotton-eeed  for  any  other  purpose  than 
the  limited  one  cf  reproduction  or  for  manure  has  until  quite  recently  been  aunost  un- 
known. In  the  United  States  it  was  oooasionally  used  for  fodder,  and  cattle  were  very 
fond  tkxL  It  was  found,  however,  that  unless  given  in  very  small  quantities  and  only 
oocasionfldly,  the  shorter  fibres  still  left  on  the  seed  after  the  ginning  jpcocess  proved 
very  unwholesome.  Means  have  been  found,  however,  for  removing  this  difficultjr,  and 
the  cotton-seed  is  now  taking  high  rank,  amongst  a|nricultural  products,  as  the  source 
of  no  less  than  three  valuable  commodities,  viz, :  Oil,  cattle-food,  and  paper  material. 
The  method  of  treatment  as  practised  in  the  United  States  is  as  follows : — ^first, 
Be-oinningt  by  a  special  apparatus  which  entirely  dears  off  the  short  fibres  ftom  the  seed, 
making  tluim  available  for  paper  manufiicture ;  secondly,  Deoortieaimg,  by  which  the 
external  husk  is  removed,  and  this  again,  after  decomposition,  is  utilised  as  manure ; 
thirdly,  the  kernel  is  subjected  to  the  process  of  OruMmg,  The  products  of  this  last 
operation  are  a  valuable  oil  and  a  cattle-food  cake,  both  of  wluch  have  now  taken 
their  place  as  important  artides  of  commerce.  After  re-ginning,  the  seed  consists  on 
an  average  of  one  half  huik  and  one  half  kernel  The  kernel  yidds  when  crushed 
about  one  third  crude  oil  and  two  thirds  cake. 

Some  idea  of  tiie  wide  field  opened  up  by  this  new  branch  of  manufBtcture maybe 
formed  from  a  rough  statement  of  the  quantity  of  seed  available  for  its  purposes.  Taking 
the  American  cotton  crop  at  4,000,000  bales  or  800,000  tons  annually,  the  production  of 
seed,  on  an  average  of  estimates,  may  be  put  down  at  three  times  as  much  by  weight* 
or  2,400,000  tons.  Allowing  one  half  this  quantity  for  waste  and  resowing,  there  re- 
main 1,200,000  tons  of  the  American  crop  for  manu&cturing  purposes.  '&e  available 
yidd  of  the  crop  of  India,  ^BJgJT^  Braail,  and  other  countries  can  scarcely  be  less  than 
two  thirds  of  tms  amount.  We  thus  tfrrive  at  an  estimate  of  2,000,000  tons  as  the 
annual  supply  of  cotton-seed  capable  of  bdng  turned  to  valuable  uses,  most  of  which 
is  now  being  wasted.  The  quanti^  of  cotton-seed  imported  into  the  United  Kingdom 
almost  entirely  for  manufacturing  purposes  was  in  1871,  174,892  tons,  valued  at 
1 ,526,662/. ;  in  1872, 167,936  tons,  valuedat  1,404,724/. ;  and  during  1878, 207,765  tons, 
vahied  at  1,608,976/. 

COTTOV-SVmZVO.  The  many  varieties  of  cotton  with  which  the  tropical 
world  abounds,  and  the  widdy-diiftring  purposes  for  which  each,  according  to  its 
peculiar  fitness,  is  destined,  have  led  to  considerable  divergence  in  the  meUiods  of 
manufacture.  The  treatment  suitable  for  the  shorter  and  rougher  stapled  cottons, 
or  for  their  conversion  into  bagging,  candle-wick,  or  the  coarser  kinds  of  dothing,  is 
obviously  very  far  removed  from  the  processes  proper  to  the  finest  New  Orleans,  whose 
clear  and  siU^  fibres  fit  it  for  the  manufacture  of  velvets  and  cambrics.  Still  further 
removed  is  the  treatment  necessary  in  spinning  Sea  Island,  which  is  used  in  the  pro- 
duction of  the  most  delicate  musUns  ana  laces.  To  describe  with  minuteness  every 
part  of  the  many  kinds  of  operations  comprised  within  these  extremes  lies  obviondy 
beyond  the  scope  of  this  artide.    There  are,  nevertheless,  certain  well-marked  stages 
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or  processes  common  to  all  kinds  of  cotton-spinning.  These  we  shall  follow  in  due 
order,  pointing  out  by  the  way  such  modifications  of  treatment  as  the  chief  Tarieties 
of  raw  material  and  of  finished  product  require. 

The  long  distances  traversed  by  the  cotton  in  its  passage  from  the  field  to  the 
factory  require  that  every  available  expedient  be  adopted  to  abridge  the  cost  of 
transmission.  A  great  part  of  the  cost  consists  in  the  chaige  for  sea  freight,  which  is 
reckoned  according  to  bulk  and  not  according  to  weight  Hence  nearly  all  kinds  of 
cotton,  and  especially  East  Indian  descriptions,  are  compressed  by  means  either  of  a 
screw  or  a  hy(uaulic  press  into  an  exceedingly  small  space.  The  effect  of  this  process 
is  to  cause  the  fibres  to  be  almost  welded  together  in  solid  masses ;  and  when  the 
bales  are  opened  the  cotton  is  seen  to  lie  in  hard  layers,  very  unlike  the  fleecy  and 
cloud-like  condition  in  which  it  leaves  the  gin.  The  first  purpose,  therefne,  to  wfaid^ 
the  use  of  machinery  is  directed  in  cotton-spinning  is  the  loosening  or  opminff  of  the 
fibres.  With  this  process  is  necessarily  associated  the  cleansing  of  Uie  cotton,  the 
separation  from  it  of  as  much  as  possible  of  the  sand  and  other  impurities  with  whidi 
it  IS  often  too  freely  associated,  as  well  as  of  the  seeds,  which  in  a  whole  or  a  broken 
condition  have  escaped  through  the  gin,  an^  adhere  very  tenaciously  to  the  fibres. 
The  various  kinds  of  madiines  in  use  for  these  purposes  are  known  as  JrUhwa,  Openers, 
or  Soutohera, 

Before  proceeding  to  describe  this  class  of  machinery,  however,  it  is  dedxable  to  say 
something  wiUi  reference  to  the  mixing  of  cotton.  Under  the  head  of  GorroKwe  have 
alluded  to  the  most  distinctive  characteristics  of  the  principal  varieties.  But  there 
are  many  minuter  differences  in  every  description,  differences  of  length,  strength, 
colour,  texture,  and  general  working  qualities,  with  which  only  the  practical  cotton- 
spinner  is  acquainted.  This  is  a  section  of  technical  knowledge  which  nothing  but 
experience  can  give ;  and  it  is  a  mark  of  skill  to  be  able  so  to  combine  or  to  set  off 
these  qualities  against  each  other  as  to  turn  them  to  the  best  account.  Hence  the 
selection  and  the  proper  admixture  of  various  growths  and  descriptions  of  oottoo  is  no 
small  part  of  the  work  of  the  spinner.  Moreover,  it  is  found  in  piactioe  that  even  in 
the  same '  grade,'  or  quality,  l^ere  is  considerable  variation  between  one  bale  and 
another,  and  not  unArequenUy  even  in  the  same  bale.  The  period  of  the  harvest-time 
at  which  the  cotton  is  picked,  the  kind  of  weather  at  the  time,  the  pert  of  the  plant 
on  which  it  is  grown,  and  other  circumstances,  contribute  to  diversify  greatly  Uie 
produce  of  the  same  plantation.  And  however  carefully  it  may  be  classified,  im- 
portant differences  will  remain.  But  there  is  reason  to  Mlieve  ihaX  care  of  this  kind 
IS  not  common.  The  best  method  of  overcoming  these  last-named  dififerences  is  to 
mix  together  as  large  a  number  of  bales  and  to  blend  them  as  intimately  as  possible 
by  spreading  out  the  contents  of  each  bale  on  a  large  stack  in  parallel  layers,  in  such 
manner  as  that  when  it  is  raked  down  from  top  to  bottom  a  small  portion  of  each  b^ 
will  come  away.  By  this  means  the  irregularities  in  the  subsequent  processes  and  in 
the  thickness,  strength,  and  evenness  of  the  yam,  will  be  minimised. 

The  freeing  of  cotton  firom  its  grosser  impurities  is  not  an  easy  undertaking,  and 
during  the  .American  Civil  War  when  coarse,  dirt^,  and  badly-gained  growths  were 
forced  into  consumption,  much  difficulty  was  experienced  for  want  of  effective  cleaning 
machinery.    Ihmng  this  period  the  Cotton  Opener  of  Messrs.  Grighton  and  Co.  was 
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introduced,  and  extensively  adopted  for  the  special  purpose  just  named,     lids 
Diia^hipe  is  illusti^t^  ip  Tertic^l  sectioi)  ]ijfig,  545.     The  cotton  is  fed  down  ^tm 
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open  pipe  a,  to  the  bottom  of  the  vertical  beater  b.  This  beater  reTolyes  rapidly,  its 
arms  striking  the  cotton  agaitast  the  grids  c  c^hj  which  it  is  snrromided,  and  sepa- 
rating the  d&t  and  leaf  from  the  cotton.  These  &11  into  the  dirt  grid  g^  below,  whilst 
the  draught  from  the  fan,  aided  by  the  shape  of  the  beater,  causes  the  cotton  gradually 
to  ascend,  till  it  arrives  at  the  discharge  pipe,  whence  it  descends  to  the  bottom  of  the 
next  beater,  and  is  again  similarly  operatea  upon.  The  cotton,  after  passing  the  second 
beater,  is  discharged  through  a  pipe  to  a  cage  e,  and  creeper  c?,  and  without  any  pressure 
leaves  the  machine  in  an  open,  well  cleaned,  fleecy  state. 

Various  other  forms  of  Opener  are  in  use.  All,  however,  rest  upon  the  application 
either  of  centrifugal  force,  or  of  toothed  rollers  or  cylinders  for  the  loosening  of  the 
cotton,  and  upon  the  pneumatic  force  derived  from  Uie  fan  for  the  purpose  of  drawing 
Hway  dust  and  other  impurities.  One  recent  improvement,  however,  we  may  mention 
(that  of  Messrs.  Lord,  tk  Todmorden)  which  is  not  so  much  a  separate  machine  as  a 
new  method  of  feeding  the  opener.  It  consists  in  passing  the  cotton  through  a  long 
horizontal  tube,  the  lower  portion  of  which  is  grated.  The  cotton  is  forced  through 
the  tube  by  pneumatic  pressure,  created  by  the  revolution  of  a  fan  in  the  ordinary 
way.  The  distance  traversed  by  the  cotton  serves  to  loosen  it  to  a  considerable  ex- 
tent, and  to  disengage  much  of  the  dirt  from  it,  whilst  at  the  same  time  there  is  no 
violent  tearing  or  strain  upon  the  fibre. 

Perhaps  the  most  common  description  of  Opener  in  use  is  known  as  the  Scutcher, 
a  name  which  is  associated  with  a  particular  form  of  construction  easily  recognised  in 
fig,  646.    The  cotton  is  placed  upon  the  travelling  creeper  marked  a,  which  is  made 
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of  a  number  of  narrow  slips,  or  laths,  of  wood,  screwed  to  three  endless  bands  of 
leather,  the  pivots  of  which  are  marked  h  and  e.  Motion  is  given  to  the  roUer  e,  by 
n  wheel  on  the  end  of  the  feed  roller,  thus  causing  the  creeper  to  advance,  carrying 
with  it  the  cotton  to  the  feeding  rollers  d ;  these  revolving  slowly  pass  the  cotton  to 
the  second  smaller  pair  of  fluted  rollers,  which  serve  it  to  the  beater.  The  top  feeding 
rollers  are  weighted  by  levers  and  weights  e  e,  and  hold  the  cotton  sufficiently  tight 
for  the  beater  to  act  upon  it.  The  beater  is  placed  inside  the  machine  at  /,  and  ex- 
tends quite  across  its  breadth,  its  shaft  or  axis  being  shown  with  the  pulley  upon  it  aty. 
The  form  of  the  beater  varies,  but  we  give  the  foUowing  as  an  example  — On  a  shaft 
are  placed  four  or  five  spiders,  each  having  three  or  four  arms  {Jig,  547) ;  547 

to  tne  ends  of  these  arms  are  attached  steel  blades,  which  pass  along  the  p-^ 

whole  length  of  the  beater ;  two  of  the  arms  being  shorter  than  the  TT 

others,  allow  the  blades  attached  to  them  to  contain  a  double  row  of       ^>Lx 
spikes  in  each,  the  points  of  the  spikes  being  at  the  same  distance  a-^TJCH 
from  the  axis  as  the  other  two  blades.    As  the  beater  revolves  about        ^  f 
800  turns  per  minute,  the  blades  and  spikes  strike  the  cotton  with  con-  ^ 

aiderable  force  as  it  is  passed  from  the  feeding  rollers,  and  thus  loosen 
and  disengage  it  from  much  of  its  impurity.  Immediately  under  the  feed  rollers 
and  beater  are  placed  a  number  of  wedge-shaped  bars,  which  form  a  semicircular 
grid,  through  the  narrrow  openings  of  which  the  dirt  and  seeds  fall  to  the  floor,  their 
removal  being  effected  through  the  doors  in  the  framing.  To  prevent  the  cotton 
passing  with  the  dirt  through  the  grid,  a^urrent  of  air,  to  draw  tne  cotton  from  the 
beater  to  the  cage,  is  produced  by  an  exhaust  fan  (its  axis  being  shown  at  h,  Ji0,  546) 
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recemng  its  motion  from  a  pulley  on  the  beater  shaft.  The  projection  t  on  the  firamiqg 
forms  a  pipe,  through  whidi  the  fan  draws  the  air  £rom  the  beater,  passing  on  its 
-way  throu^  a  large  revolying  c»ge  or  cylinder,  the  perii^ery  of  which  is  formed  of 
sheets  of  perforated  metal,  or  wire  gauze.    Its  axis  is  shown  at  k» 

From  the  cage  the  cotton  is  delirered  by  a  second  tntvelling  creeper,  and  falls  into 
a  receptacle,  from  which  it  is  taken  and  passed  through  the  second  Scntcher  or  Lap 
machine,  to  which  we  shall  refer  presently. 

Fiff.  648  exhibits  a  longitudinal  sec- 
tion of  another  kind  of  Opener,  or  first 
Scutcher.  The  machine  is  about  18 
or  10  feet  long,  and  three  feet  across 
within  the  case.  The  whole  frame  is 
made  of  cast  iron,  forming  a  dose  box, 
which  has  merely  openings  for  intro- 
dudnff  the  raw  cotton  wool,  for  taking 
out  the  cleansed  wool,  and  remoring 
the  dust  as  it  collects  at  the  bottom. 
These  doors  are  shut  during  the  ope- 
ration of  the  machine,  but  may  be 
.  opened  at  pleasure  to  allow  the  interior 
to  be  inspected  and  repaired.  The  in- 
troduction of  the  cotton  is  efibcted  by 
means  of  an  endless  cloth  or  a  wooden 
lath  creeper  similar  to  the  one  in  fy. 
543,  which  mores  in  the  direction  of 
the  arrows  a  a,  at  the  left  end  of  the 
figure,  by  passing  round  the  continu- 
aUy  rovolvmg  rollers  b  and  c.  It  is 
then  delivered  to  the  feed  rollers  c. 
The  double-armed  beater  fe  turns  in 
the  direction  of  the  arrow,  and  strikes 
^  the  cotton  violently  as  it  enters,  so  as 

^  to  throw  down  any  heavy  particles  upon 

the  iron  gratinff  or  grid  at  n^  while  the 
light  cotton  filamentB  are  wafted  on- 
wards with  the  wind,  in  the  direction 
of  arrow  o^  along  the  second  travelling 
apron.    A  is  a  cylindrical  ca^  made 
or  wire  gauze  or  perforated  zinc,  from 
which  the  air  is  exhausted  by  means 
of  a  fiui  formerly  placed  at  some  dis- 
tance tram,  the  machine,  and  communi- 
cating with  it  through  a  pipe  fixed  at 
the  opening  k.   Now,  however,  the  fiin 
is  placed  below  the  madiinei  and  com- 
municates with  the  cyUndrical  cage,  as 
described  in  Jig.  646.    The  cage  k,  by 
its  rotation,  presses  down  the  half- 
cleaned  cotton  upon  the  doth  a',  whidi 
cairies  it  forward  to  the  second  beater 
f,  oy  the  second  set  of  fsed  rollers  e^. 
The  second  beater  throws  down  the 
heavy  dust  upon  the  second  grid  fc', 
throuc^  which  it  falls  upon  the  bottom 
of  the  case.    The  cotton  is  wafted  by 
the  second  beater  into  the  space  x  w  tr, 
provided  with  a  fine  grid  bottom.    In 
Jiff.  548  an  additional  ventilator  is  in- 
troduced beneath  at  m  o,  to  aid  the  action  of  the  scutchers  in  blowing  the  cotton 
onwards  into  the  oblong  trough  a.    The  outlet  of  that  fan  is  at  < ;  and  it  draws  in  tho 
air  at  its  axis  q,    u  and  v,  are  two  doors  or  lids  for  removing  the  deaned  cotton 
wool.    This  last  fan  is  suppressed  in  many  scutchers,  as  the  scutching  arms  sup- 
ply a  sufilciont  stream  of  air.     The  dotted'  lines  show  how  the  motion  is  trans- 
mitted from  tbo  first  mover  at  «,  to  the  various  parts  of  the  machine.    6'  6'  repre- 
sent the  bands  lending  to  the  main  shafting  of  the  mill. 

The  second  Scutcher  or  Lap  machine  differs  from  the  first  Scutcher  only  in  two  re- 
spectSk    The  cotton  as  it  passes  out  of  the  machine  is  coiled  in  a  continuous  broad  i~ 
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or  coil  upon  a  roller.  This  coil,  called  a  lap,  it  is  necessary  to  make  as  OTen  in  thkk- 
ness  as  possible,  hence  a  further  distinction  of  the  second  scatcher  consists  in  its 
being  provided  with  the  means  of  approximately  securing  the  desired  evenness. 
Formerly  this  -was  accomplished  by  making  the  feed-doth  or  apron  into  equidistant 
spaces  and  spreading  equally  a  given  weight  of  cleaned  cloth  upon  each  space.  This 
plan  is  still  followed  in  many  factories.  It  has,  however,  been  largely  displaced, 
on  account  of  the  costliness  of 
the  manual  labour  involved, 
by  a  mechanical  contrivance 
invented  by  Messrs.  Lord,  of 
Todmorden,  and  known  as 
Lord's  regulator.  This  ap- 
paratus is  connected  with  the 
feed  rollers,  and  is  made  to 
increase  or  diminsh  their 
speed  inversely  as  the  thick- 
ness of  cotton  passing  be- 
tween them,  thus  apj^xi- 
mately  securing  a  luuform 
rate  of  delivery  to  the  beater. 
This  invention  has  been  fur- 
ther improved  bv  Messrs. 
Lord,  who  have  added  what  is 
known  as  the  *  Piano  Motion ' 
the  purpose  of  which  is  to 
obtain  greater  delicacy  in  the 
action  of  the  regulator,  and 
to  counteract  ue  minuter 
variations  in  the  thickness 
of  the  cotton  as  it  enters  the 
machine.  In  the  improved 
regulator,  the  trough  or  plate  « 
under  the  roller,  or  rollers,  ; 
which  supply  cotton  to  the 
beater,  instead  of  being  in 
one  piece  as  heretofore,  is 
divided  into  any  convenient 
number  of  parts,  each  |)art 
being  acted  upon  by  a  weight 
or  spring,  their  object  being 
to  press  the  fibres  between 
the  trough,  or  plate,  and  the 
feed  roller,  so  as  to  prevent 
.them  being  drawn  forward 
unevenly  by  the  beater,  and 
to  prevent  'snatching.'  The 
variations  in  the  quantity  of 
cotton  fSsd  to  the  machine  pro- 
duce corresponding  variations 
in  the  distence  between  the 
divided  trough  or  plato  and 
the  feed  roller,  and  thus  in- 
croase  or  diminish  the  quan- 
tity of  cotton  supplied  to  the 
machine. 

In  cases  where  Lord's  regu- 
lator is  applied  the  opener 
must  be  made  to  lap  the  cot- 
ton, instead  of  delivering  it 
into  a  loose  mass.  Three  or 
four  laps  are  then  made  to 
unfold  together  upon  the  feeding  lattice  or  apron  of  the  scutcher,  with  the  object  of 
making  the  inevitable  unevenesses  of  the  first  lap  machine  correct  each  other  as  £ftr  as 
possible,  and  thus  aid  the  work  of  the  regulator. 

A  section  of  a  Lap  machine  is  shown  in  fy,  649,  where  we  see  the  feed-cloth,  the 
scutching  beater,  the  cylindrical  cage,  and  the  rollers  for  coiling  up  the  lap.  The  lever 
tfhown  below  is  for  removing  the  pressure  weight  from  the  axis  of  the  lap  rollers,  whea 
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a  full  lap  is  to  b^  removed,  and  replaced  by  an  empt^  one.  m,  at  the  top,  is  the 
commencement  of  the  pipe  which  leads  to  the  suction  fan,  or  ventilator. 

It  is  to  be  observed  that  different  kinds  of  cotton  require  different  kinds  of  treat- 
ment in  the  opening  and  scutching  operations.  Some  scutchers  have  only  one  beater, 
others,  two  or  even  three.  Sometimes  the  opener  has  two  beaters,  so  that  altogether 
the  cotton  is  made  to  pass  through  as  manv.as  five  beaters.  As  a  rule,  however,  it  is 
well  to  beat  or  tear  it  as  little  as  is  possible,  having  in  view  the  main  purpose  of  this 
operation,  viz.  to  loosen  and  to  cleanse  it  from  the  more  palpable  impurities.  For  not 
only  does  the  staple  sufier  firom  repeated  strain,  but  the  longer  stapled  cottons  are  liable 
occasionally  to  get  knotted'  or  *  nepped,'  and  thus  to  introduce  almost  irreparable 
mischief  into  the  subsequent  operations. 

The  operations  of  opening  and  scutching  are  exposed  to  frequent  risks  of  fire. 
Pieces  of  stone,  of  flint,  of  metal,  and  even  boxes  of  ludfer  matct&es  are  not  unfro- 
quently  found  in  cotton.  Whenever  these  pass  into  the  machines  and  are  struck  by  the 
beaters,  there  is  imminent  danser  of  fire.  Hence  the  rooms  in  which  these  operations 
are  eanied  on  are  almost  invanably  fireproof,  and  are  built  quite  separate  firom  the  rest 
of  the  futoiy,  communicating  with  it  only  by  a  covered  ^proof  gangway. 

The  cotton  thus  opened  and  to  a  certain  extent  cleaned  is  yet,  however,  in  a  very 
unfit  state  for  being  spun  into  yam.  The  fibres,  on  examination,  will  be  found 
minflled  in  a  confused  mass,  and  whether  straight,  or  curled,  or  folded,  lying  in  every 
possible  direction.  Moreover,  it  will  be  seen  uat  there  are  amongst  the  longer  fibres 
many  so  short  as  to  be  unfit  for  combination  with  them,  some  also  will  be  knotted,  or 
*  neppy,'  and  added  to  these  imperfections  many  *  moats,'  small  pieces  broken  off  the 
pod  or  the  seed  of  the  cotton,  b^des  other  forms  of  finer  impurity.  For  the  purpose 
of  separating  the  useAil  fibres  firom  the  foreign  accompaniments  and  laying  them  in 
parallel  order,  we  have  the  operation  of  Carding,  The  essential  part  of  this  operation 
may  be  described  as  the  mutual  action  of  two  opposite  surfEices,  which  are  studded 
thick  with  oblique-angled  hooks.  The  wires  of  which  these  hocikB  are  made  must  be 
very  hard  drawn  in  oi^br  to  render  them  stiff  and  elastic.  The  middle  part  of  the 
figures  shows  one  of  the  staples  or  double  teeth,  the  structure  of  whidi  has  been  partly 
eaq^ned  under  Cabd.    Suppose  a,  fig,  560,  to  be  a  piece  of  a  card  fillet>  and  6  to  be 
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mother  piece,  ench  being  mnde  fiist  with  pins  to  a  board ;  the  teeth  of  these  two  cards 
are  set  in  opposite  directions,  but  are  very  near  together,  and  paralleL  Now  suppose 
a  flock  or  tuft  of  cotton  placed  between  two  such  bristling  surraces.  Let  a  be  moved 
in  the  direction  of  its  arrow,  and  let  5  be  moved  in  the  opposite  direction,  or  even  let 
it  remain  at  rest.  The  filaments  of  cotton  will  be  laid  hold  of  by  each  set  of  teeth, 
when  their  surfaces  are  thus  drawn  over  each  other ;  the  teeth  of  a  will  pull  them  in 
a  forward  direction,  while  those  of  h  will  tend  to  retain  them,  or  to  pull  them  bad:- 
wards.  The  loops  or  doublings  will,  by  both  movements,  be  opened  or  drawn  out,  so 
that  the  tansled  fibres  will  be  converted  into  rows  of  parallel  filaments,  lying  alongside 
or  before  eadi  other.  Each  tooth  will  secure  to  itself  one  or  more  of  them,  and  by  the 
friction  of  its  sides  as  well  as  the  hooks  of  its  points,  will  draw  them  to  their  utmost 
elongation.  Though  one  stroke  of  the  opposite  cards  be  inadequate  to  produce  this 
equable  arrangement,  yet  many  repeated  strokes  must  infallibly  accompliux  the  end  in 
view,  of  laying  the  fibres  parallel. 

Let  us  suppose  this  end  efi^ted,  and  that  all  the  fibres  have  been  transferred  to  the 
card  a,  a  transverse  stroke  of  h  will  draw  over  to  it  a  certain  number  of  them,  and  in- 
deed at  each  stroke  there  will  be  a  new  partition  between  the  two  cards,  with  increased 
parallelism,  but  still  each  card  will  retain  a  great  deal  of  the  cotton.  To  make  one 
card  strip  another,  the  teeth  of  one  of  them  must  be  placed  in  a  reverse  position,  as 
shown  in^.  651.  If  a  be  now  drawn  in  the  direction  of  its  arrow  along  the  fiioe  of  6, 
it  will  inevitably  comb  out  all,  or  almost  all,  the  filaments  from  it,  since  the  hooks  of 
h  have,  in  this  position,  no  power  of  retaining  them.  Even  the  doubled  fibres  or 
loops  will  slip  over  the  sloping  point  of  6,  in  obedience  to  tlie  traction  of  a.  By  consi- 
dering these  two  relative  positions  of  the  cards,  which  take  place  in  hand  cards  simi^y 
by  reversing  one  of  them,  any  person  will  be  able  to  understand  the  |^y  of  a 
cylinder  card  against  its  flat  top,  or  against  another  cylinder  card,  the  respective  teeCh 
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being  in  what  we  may  call  the  teasing  position  of  ^.  550;  and  also  the  play  of  a 
cylinder  card  against  the  doffer  cylinder,  in  what  may  be  called  the  stripping  position 
of^.  561. 

Cylinder  cards,  so  essential  to  the  continuity  and  despatch  of  cotton-factory  labour, 
were  the  ingenious  invention  of  Lewis  Paul,  of  Northampton,  but  were  greatly 
iraproyed  and  brought  into  nearly  their  present  pperative  state  by  Sir  Bichard  Ark- 
wriffht.  A  carding  engine  consists  of  one  or  more  cylinders,  covered  with  card- 
leader  (sometimes  card-cloth),  and  a  set  of  plain  surfeuses  similarly  covered,  made  to 
work  against  each  other,  but  so  that  their  points  do  not  come  into  absolute  contact. 
Some  cards  consist  entirely  of  cylinders,  the  central  main  cylinder  being  surrounded 
by  a  series  of  smaller  ones  called  rollers.  These  are  generally  used  for  preparing  the 
coarser  stapled  cotton. 

Fig,  552  may  be  taken  as  a  typical  illustration  of  the  carding  engine,    a  is  one 

552 


of  the  two  upright  slots,  which  are  fixed  at  each  side  of  the  engine  for  receiving  the 
iron  ffudgeons  of  the  wooden  rollers  round  which  the  fleece  of  the  lapping  machine  is 
roUe£  The  circumference  of  this  coil  rests  upon  a  roller  6,  which  is  made  to  turn 
slowly  in  such  a  direction  as  to  aid  the  unfolding  of  the  lap  by  tJie  fluted  cylinders  e.  The 
lap  proceeds  alon^  the  table  seen  beneath  the  letter  o,  in  its  progress  to  the  fluted  rollers ; 
y  18  a  weight  which  hangs  upon  the  axis  of  the  upper  roller,  and  causes  it  to  press 
upon  the  under  one :  /is  the  main  card  cylinder ;  ggOt  the  aich  formed  by  the  flat 
top  cards ;  A,  the  sm^  card  cylinder  for  stripj^ng  off  the  cotton,  and  therefore  called 
the  do£Ear;  t,  the  doffer-knife  or  comb  for  stripping  the  fleecy  web  from  the  dofibr; 
Ar^ffft,  the  lever  mechanism  for  moving  these  ports.    At  d  there  is  a  door  giving 

553 


iiceess  to  the  interior  of  the  engine,  for  the  purpose  of  removing  whatever  dirt,  &^ 
may  happen  to  fall  into  it.    In  fg,  553  we  see  the  manner  of  fixing  thei,  fiat  tops  gg 
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orer  the  cylinder;  and  to  make  the  matter  clearer,  three  of  the  tops  am  xiemofad* 
Upon  the  arched  cast-iron  side  of  the  frame,  a  row  of  strong  iron  pins  k  is  made  Cut 
in  the  middle  line ;  and  each  top  piece  has,  at  each  of  its  ends,  a  hde,  which  flts  down 
npon  two  snch  opposite  pins.  1 1  are  screws  whose  heads  senre  as  supports  to  the 
tops,  by  coming  into  contact  with  the  bottom  of  the  holes,  irbkh.  are  not  of  coarse 
bored  throngh  the  woods  of  the  tops.  By  taming  the  heads  of  these  screws  a  little 
the  one  way  or  the  other,  the  pins  may  be  lengthened  or  shortened  in  anr  degree,  so 
as  to  set  the  tops  very  truly  in  adjustment  with  the  cylinder  teeth  rerolTing  beneath 
them.  A'  is  the  smsll  runner  or  urchin,  and  t'  the  large  runner ;  both  of  whkh  are 
spirally  covered  from  end  to  end  with  narrow  card  fillets,  in  the  same  manner  as  the 
doffer.  The  main  cylinder  is,  on  the  contrary,  covered  with  card-cloth,  in  strips  laid 
on  parallel  to  its  axis,  with  inteijacent  parallel  smooth  leather  borders.  The  teeth 
of  these  several  cards  are  set  as  represented  in  the  figure,  and  their  cylinders  rerolve 
as  the  arrows  indicate.  The  runners  as  well  as  the  doflfer  cylinder  may  be  set  nearer 
to  or  f^irther  from  the  cylinder/;  but  the  screws  intended  for  this  adjustment  are 
omitted  in  the  drawings,  to  avoid  concision  of  the  lines. 

The  card-end  or  fleece  taken  off  the  daBer  h  by  the  crank  and  comb  mechanism  ikm 
passes  through  the  tin-plate  or  brass  funnel  n,fy,  552,  whereby  it  is  hemmed  in  and 
contracted  into  a  riband,  which  is  then  passed  through  between  a  pair  of  drawing 
rollers  o.  It  is  next  received  by  the  rollers  u  v^  which  cany  it  off  with  equal  velocity, 
and  let  it  flail  into  the  tin  cans  placed  below,  when  it  is  not  to  be  re-carded,  or  conduct 
it  over  a  friction  pulley,  to  be  wound  along^  with  many  other  card-ends  upon  a  lap 
roller  or  large  bobbin.  In  the  latter  case  it  is  then  conveyed  to  the  *  finiaher '  carding 
engne. 

The  two  pairs  of  rollers  at  o  effect  the  extension  of  the  card-end,  and  reduce  its 
size.  The  under  rollers  are  made  of  iron  and  fluted ;  the  upper  ones  are  also  made  of 
iron,  but  they  arecovtured  with  a  coat  of  leather,  niccdy  glued  on  over  a  coat  of  flannel, 
which  two  coato  render  them  both  smooth  and  elastic  Two  weights,  w,  press  the 
upper  cylinder  steadily  down  upon  the  under  ones.  Between  the  flrst  and  seocmd  pair 
there  is  a  certain  interval,  which  should  be  proportioned  to  the  length  of  the  cotton 
staple.  The  second,  or  that  flirthest  from  the  nmnel,  revolves  with  peater  velocity 
than  the  first,  and  therefore  turns  out  a  greater  length  of  riband  than  it  receives  f^m 
ite  fellow ;  the  consequence  is,  a  corresponding  extension  of  the  riband  in  the  interval 
between  the  two  pairs  of  rollers. 

The  motions  of  the  several  parts  of  the  enginii  are  eflbcted  in  the  followii^  way : — 
The  band,  pp^fig,  558,  which  comes  down  from  the  pulley  upon  the  main  suft  near 
the  ceiling  of  the  work-room,  drives,  by  means  of  the  pulley  ^,  the  cjiinder/,>Sff.  553. 
From  another  pulley,  r,  on  the  axis  of  the  cylinder,  the  axis  of  t  is  did\^  by  the 
band  «  working  round  the  pulley  i  on  ite  end.  His  shaft  drives  the  crank  and  lever 
mechanism  of  the  stripper  knifSo  i.  A  third  pulley  of  the  same  side  as  r  is  fixed  just 
within  the  frame  to  the  other  end  of  the  cylinder,  and  from  it  a  crossed  or  dose 
band  r'  goes  to  a  pulley  upon  the  small  runner  h\  to  give  this  ite  rapid  rotation. 
Upon  the  opposite  end  of  the  engine  in^.  552,  these  wheels  and  pulleys  are  marked 
with  dotted  Unes.  Here  we  may  observe,  firsts  a  pulley  y  upon  tne  cylinder,  and  a 
pulley  a',  which  receives  motion  from  it  by  means  of  the  Mud  g.  'hia  axis  of  d^, 
carries  in  front  a  pinion  m',  which  seto  in  motion  the  wheel  W,  The  latter  imparto 
motion,  by  means  of  a  tnnion  and  intermediate  ^eel  o',  to  the  is^ieel  A  on  the  dd&r, 
and  consequentlv  to  that  cylinder  on  the  one  hand ;  and  it  turns,  by  the  earner 
wheel  p't  a  whedl  x,  whose  axis  is  marked  also  inihxmfig,  553,  upon  the  other  hand. 
The  axis  a^,fig»  552,  carries,  towards  the  middle  of  the  engine,  a  veiy  bioad  wheel, 
which  is  represented  by  a  small  dotted  circle.  The  toothed  wheel  v  of  the  smooth 
roller  ^,fig.  552,  and  the  two  toothed  wheels  o  o,  fig,  553,  of  the  under  rollers  o  o,  /^. 
552,  work  into  that  broad  wheel.  The  wheel  of  the  second  or  delivery  fiuted  roller  is 
seen  to  be  smaller  than  that  of  the  first,  by  which  means  the  diflbrenceof  their 
velocities  is  obtained.  The  large  runner  t  is  driven  from  the  main  cylinder  pulley,  by 
means  of  the  band  a',  and  the  pulley  u',  fia,  552.  The  said  band  is  crossed  twice,  and 
is  kept  in  tension  by  the  pulley  f ,  rouna  which  it  passes.  The  motion  of  the  fluted 
rollers  «,  which  feed  in  the  cotton  fleece,  is  accomplished  by  means  of  a  bevel  wheel 
h'  on  the  end  of  the  do£fer,  which  works  in  a  similar  wheel  </  on  the  oblique  axis  «C 
(dotted  lines  across  the  drum)  of  the  pinion  if  upon  the  lower  end  of  the  same  axis 
which  turns  the  wheel/',  upon  the  under  feed  roller. 

Each  of  the  feed  rollers,/;^.  553,  bears  a  pinion  6  0  at  one  end,  so  that  the  upper 
roller  turns  round  with  the  under  one.  The  roller  h,  fig,  552,  is  set  in  motion  by 
means  of  its  wheel  a/ ;  which  is  driven  by  a  wheel  t/  on  the  other  end  of  the  under  feed 
roller,  through  the  intervention  of  the  large  carrier-wheel  uf.  The  original  or  first 
motion  of  h  must  be  as  quick  as  that  of  the  fluted  feed  rollers  f ,  in  oraer  that  the 
former  may  uncoil  as  mucn  lap  as  the  latter  can  pass  on. 
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The  annexed  Table  exhibits  the  relative  velodtiee  of  the  diflbrent  cylinders  and 
lollen  of  the  carding  engine,  iHiich,  however,  are  not  invariable,  but  may  be  modified 


Kamei  Of  the  Parte 

Diameter  in 
inchei 

ininchee 

Revolntloin 
in  one  minute 

Velocity 

MaincyUndep/      » 

Bonner  or  nxchin  if 
Ditto  V  ,        ♦ 

86 
14 

6*26 

8*6 

1167 

1- 

M67 

2*6 

109*9 
43*96 
19*62 
11* 
8*664 
8*14 
8*664 
7-86 

180* 
4*88 
6* 
470* 

0-696 
68*71 
114*62 
64*66 

142-87 

192*6 

981 

6170* 

2-66 

216*76 

419-6 

429*08 

Fluted  fMd  roller  e. 
First  drawing  roller  o     , 
Second  ditto    . 
Smooth  delivery  roller  « , 

according  to  circninstancee,  by  changing  the  pinions  ^tfy^  662,  and  ttf  according  to 
the  qnabty  or  length  of  the  cotton  staple. 

F£gf,  654  is  a  i^n  of  the  card  and  the  fleece,  664 

where  \  is  the  cylinder,  m  is  the  funnel,  u 
the  pressing  rollers,  and  V  the  card-ends  in  the 
can. 

Fiff8,  566,  666  mav  be  studied  in  order  to 
&cilitate  the  comprehension  of  these  complex 
machines.  Fiff,  656  is  a  plan  :^  w  is  the  main  | 
cylinder ;  m  k  is  the  dofier  knife  or  comb ;  o, ' 
the  carded  fleece  hemmed  in  by  the  funnel  a, 
pressed  between  the  rollers  b,  ind  then  &lling 
in  narrow  fillets  into^its  can.  FSg.  666,  x  l  are 
the  feed  rollers;  ab|  the  main  cylinder;  cd, 
the  tops;  bf,  the  dofier  card;  kw,  the  dofier 
Imife ;  d,b,c,  the  card-end  passing  between 
compressinff  rollers  into  the  can  a. 

J^.  667  18  a  carding-engine  without  top-fiats,  being  entirely  covered  with  rollers 
and  dearers.    This  kind  of  engine  is  very  well  suited  to  the  preparation  for  the  lower 

666 


nnd  lower  medium  'counts'  of  yarn.    For  finer  descriptions,  the  use  of '  fiats '  or '  tops  * 
is  almost  universal. 

The  samejS^.  (657)  wiU  serve  to  illustrate  one  of  the  most  modem  forms  of  carding 
engine,  if  the  reader  will  suppose  two  additional  rollers  placed  under  the  licker-in  ; 
all  three  rollers  being  of  the  same  size,  clothed  alike  and  revolving  in  the  same  direc^ 
lion,  in  dose  proximity  to  each  other  and  to  the  main  cylinder.  This  engine  known 
as  the  Patent  Automatic  Cardiiig  Engine,  is  made  by  the  patentees,  Messrs.  W. 
HuKins  &  Sons,  and  Messrs.  Hetherington  &  Sons.  Its  action  is  as  follows: 
-—The  cotton  is  delivered  by  the  feed  rollers  to  the  licker-in  as  usual ;  but  before 
it  reaches  the  main  cvlinder  it  is  brought  into  contact  with  and  is  carded  by  the 
intermediate  roller,  which  allows  only  the  carded  portions  dT  cotton  to  pass  through 
to  the  cylinder,  the  larger  masses  being  taken  hold  of  b;^  the  intermediate  roller,  and 
carried  forward  until  they  are  brought  into  contact  with  the  bottom  roller,  which 
still  tother  cards  and  separates  the  fibres  of  cotton,  allowing  an  additional  portion  to 
be  delivered  to  the  cylinder,  the  remainder  beina  taken  on  bv  the  lx>itom  roller  and 
likewise  deposited  on  the  cylinder.    Thus,  instead  of  the  cotton  being  delivered  in  flaky 
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masses  upon  the  cylinder  by  the  licker-in,  as  in  the  ordinary  mode,  it  is  first  well  opened 
and  carded,  separated  from  dirt  and  seeds  at  the  most  convenient  point,  and  then  dis- 
tributed lightly  and  evenly  over  the  main  cylinder  at  three  separate  points. 

Fig,  567  also  exhibits  a  view  of  a  *coiler*  immediately  in  front  of  the  carding 


667 


engine.  By  means  of  this  ingenious  contrivance  the  sliver  or  riband  of  cotton  instead 
of  coming  directly  out  of  the  rollers  and  falling  into  the  can,  is  made  to  pass  through 
the  upper  portion  of  the  coiler,  which  folds  itself  with  a  circular  coil  into  the  can  placed 
upon  tJie  flat  disc-stand  at  the  foot  of  the  coiler.  The  disc,  and  with  it  the  can,  is 
niade  to  revolve  very  8l(*wly  in  a  contrary  direction  to  that  of  the  coiler,  and  thus 
every  part  of  the  can  is  e(^ually  filled,  and  uie  appearance  of  the  sliver  when  taken  out 
of  the  can  is  that  of  a  senes  of  neat  and  closely-packed  spiral  convolutions. 

In  some  districts  where  the  yams  spun  are  of  medium  *  counts'  or  thickness 
'double  carding  engines '  are  used,  engines  in  which  there  is  a  second  ^linder  fed 
directly  by  the  dofSr  of  the  firsts  These  machines  turn  out  a  large  quantity  of  work, 
and  in  the  preparation  of  coarse  cottons  are  efficient  and  economical 

The  efforts  to  improve  the  carding  engine  have  of  late  years  been  directed  rather  to 
cleaning  and  maintaining  the  efficiency  of  the  engine  than  to  any  changes  in  its 
method  of  working.  The  delicate  points  of  the  wires  both  on  the  cylinder  doffer 
rollers  and  fiats  of  the  machine  need  to  be  kept  constantly  sharp.  Frequent '  grinding ' 
is  therefore  necessary.  This  is  accomplished  by  friction  against  prepared  surfaces  of 
emery.  Formerly  manual  labour  was  necessary  to  effect  diis  purpose  as  regards  the 
cards  on  the  cylinders.  Now,  however,  it  is  accomplished  entirely  by  mechanical 
means.  The  most  recent  improvement  of  this  kind  is  the  grinding  roller  of  Mr. 
Horsfall,  which  is  made  to  traverse  the  width  of  the  cylinder  in  contact  with  the  wires 
whilst  they  are  revolving  rapidly  in  a  backward  direction.  It  is  obvious  that  the 
impurities  remaining  after  scutching  must  tend  to  clog  up  the  wires  of  the  carding 
engine.  And,  as  a  matter  of  fact,  some  parts  of  the  cai^  need  to  be  cleansed  many 
times  in  a  day.  Especially  is  this  the  case  iiith  fiats.  This  operation  called  *  stripping ' 
was  until  late  years  a  very  laborious  one ;  now,  however,  the  labour  is  much  lighter, 
in  consequence  of  the  various  contrivances  for  machine  stripping.  The  most  impor- 
Umt  inventions  of  this  kind  are  the  self-stripping  flats  of  Mr.  Evan  Leigh,  of  Mr. 
Buchanan,  and  Mr.  Wellman.  Of  the  last  two  there  are  many  modifications,  and 
indeed  the  mechanical  stripping  of  carding  engines  is  still  in  a  state  of  progress. 

It  has  already  been  stated  that  in  preparing  the  longer  stapled  cottons  for  the 
spinning  of  fine  yarns,  a  single  carding  operation  is  not  sufficient.  After  passing 
through  the  first  or  *  breaker  card/  the  cotton  is  put  through  the  *  finisher.'    Even  the 
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finiBher  card,  however,  has  now  boon  superseded  whero  it  has  been  desired  to  spin  the 
best  fine  jams,  by  the  Combing  Machine,  This  important  inyeution,  the  discovery  of 
M.  Heilmann,  an  Alsocian,  though  patented  in  England  in  1846,  was  first  brought 
into  general  notice  at  the  London  Exhibition  of  1851.  The  patent  right  so  far  as  it 
related  to  the  preparation  of  cotton  was  purchased  by  a  company  of  five  Manchester 
spinners  for  80,000^.,  and  for  a  time  these  firms  enjoyed  the  exdnsive  use  of  the 
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machine.  Several  improrements  have  been  eilfected  in  M.  Heilmann's  invention  bv 
Mettn.  John  Hetherington  &  Sons  of  Manchester.  The  great  advantages  derived 
from  the  use  of  the  combing  machine  consist  in  its  power  entuely  to  remove  the 
moats  and  dirt  from  the  cotton,  and  to  separate  with  far  greater  precision  than  is 
possible  with  the  carding  engine  the  long  £com  the  short  fibres.  The  spinning  of  the 
finest  jBnm  for  tbo  manufacture  of  musUns,  laces,  and  sewing  cotton  lias  thus  been 
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masses  upon  the  cylinder  by  the  lickeip-in,  as  in  the  ordinary  mode,  it  is  first  well  opened 
and  carded,  separated  from  dirt  and  seeds  at  the  most  convenient  point,  and  then  dis- 
tributed lightly  and  evenly  over  the  main  cylinder  at  three  separate  points. 

Fig,  567  also  exhibits  a  view  of  a  *coiler*  immediately  in  front  of  the  carding 
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engine.  By  means  of  this  ingenious  contrivance  tlie  sIiTcr  or  riband  of  cotton  instead 
of  coming  directly  out  of  the  rollers  and  falling  into  the  can,  is  made  to  pass  through 
the  upper  portion  of  the  coiler,  which  folds  itself  with  a  circular  coil  into  the  can  placed 
upon  Uie  flat  disc-stand  at  the  foot  of  the  coiler.  The  disc,  and  with  it  the  can,  is 
made  to  revolve  very  slciwly  in  a  contrary  direction  to  that  of  the  coiler,  and  thus 
every  part  of  the  can  is  e(^ually  filled,  and  Uie  appearance  of  the  sliver  when  taken  oat 
of  the  can  is  that  of  a  senes  of  neat  and  closely-packed  spiral  convolutions. 

In  some  districts  where  the  yarns  spun  are  of  medium  'counts'  or  thickness 
'double  carding  engines '  are  used,  engines  in  which  there  is  a  second  cylind^  fed 
directly  by  the  dofl»r  of  the  first-.  These  machines  turn  out  a  large  quantity-  of  work, 
and  in  the  preparation  of  coarse  cottons  are  efficient  and  economioaL 

The  efforts  to  improve  the  carding  engine  have  of  late  years  been  directed  rather  to 
cleaning  and  maintaining  the  efficiency  of  the  engine  than  to  any  changes  in  ita 
method  of  working.  The  delicate  points  of  the  wires  both  on  the  cylinder  doflfer 
rollers  and  flats  of  the  machine  need  to  be  kept  constantly  sharp.  Frequent '  grinding ' 
is  therefore  necessary.  This  is  accomplished  by  friction  against  prepared  surfaces  of 
emery.  Formerly  manual  labour  was  necessary  to  effect  Qub  purpose  as  regards  the 
cards  on  the  cylinders.  Now,  however,  it  is  accomplished  entirely  by  mechanical 
means.  The  most  recent  improvement  of  this  kind  is  the  grinding  roller  of  Mr. 
Horsfall,  which  is  made  to  traverse  the  width  of  the  cylinder  in  contact  with  the  wires 
whilst  they  are  revolving  rapidly  in  a  backward  direction.  It  is  obvious  that  the 
impurities  remaining  after  scutching  must  tend  to  clog  up  the  wires  of  the  caitling 
engine.  And,  as  a  matter  of  fact,  some  parts  of  the  cards  need  to  be  cleansed  many 
times  in  a  day.  Especially  is  thi s  the  case  with  flats.  This  operation  called '  stripping ' 
was  until  late  years  a  verjr  laborious  one ;  now,  however,  the  labour  is  much  lighter, 
in  consequence  of  the  various  contrivances  for  machine  stripping.  The  most  impor- 
tant inventions  of  this  kind  are  the  self-stripping  flats  of  Mr.  Evan  Leigh,  of  Hr. 
Buchanan,  and  Mr.  Wellman.  Of  the  last  two  there  are  many  modifications,  and 
indeed  the  mechanical  stripping  of  carding  engines  is  still  in  a  state  of  progress. 

It  has  already  been  stated  that  in  preparing  the  longer  stalled  cottons  for  the 
spinning  of  fine  yams,  a  single  carding  operation  is  not  sufficient.  After  passing 
through  the  first  or  *  breaker  card/  the  cotton  is  put  through  the  *  finisher.'    Eron  tho 
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finisher  card,  however,  has  now  been  snperseded  where  it  has  been  desired  to  spin  the 
beet  fine  yams,  by  the  Conihing  Machine,  This  important  inreution,  the  discovery  of 
M.  Heilmann,  an  Alsacian,  though  patented  in  England  in  1846,  was  first  brought 
into  general  notice  at  the  London  Exhibition  of  1851.  The  patent  right  so  fiur  as  it 
related  to  the  preparation  of  cotton  was  purchased  by  a  company  of  five  Manchester 
spinners  for  30,000^.,  and  for  a  time  these  firms  enjoyed  the  exclusive  use  of  the 
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madiine.  Several  improrements  have  been  efl^ed  in  M.  Heilmann's  invention  bv 
MetOB.  John  Hetherington  &  Sons  of  Manchester.  The  great  advantages  derived 
fipom  the  use  of  the  combing  machine  consist  in  its  power  entirely  to  remove  the 
moats  and  dirt  ftom  the  cotton,  and  to  separate  with  far  greater  precision  than  is 
pofsible  wiUi  the  carding  engine  the  long  £com  the  short  fibres.  The  spinning  of  the 
fineH  jBTOfl  for  tbo  inaniifactiire  of  miuuns,  laces,  and  sewing  cotton  lias  thus  been 
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vondeEfally  impioTed.  The  constmedon  and  opeaeataon  of  the  oomhing  machine  'will 
be  readily  understood  upon  a  study  of  the  accompanying  illustration  of  a  czoM-section 
of  the  machine  {fig,  558). 

1  is  the  lap  of  cotton  resting  upon  the  two  -wooden  rollers  2,  2a.  When  motion  is 
given  to  these  rollers,  they  cause  the  lap  to  unwind  and  deliver  the  sheet  of  cotton 
down  the  inclined  conductor  3,  and  between  the  fluted  steel  feeding  ipller  4,  and  the 
leather-covered  pressure  roller  4a ;  to  these  rollers  an  intermittent  motion  is  given  by 
means  of  a  star  wheel;  they  make  j^  of  a  revolution  to  one  revolution  of  the  cylinder 
6,  this  motion  beinff  effbcted  during  the  time  the  cushion  plate  ^  is  forward,  and  the 
nipping  plate  5  is  lifted  from  it.  The  cushion  plate  6a  is  hung  upon  the  centre  5^, 
and  the  nipping  plate  upon  the  shaft  be,  and  this  shaft  receives  motion  from  a  cam  at 
the  end  of  tne  machine  through  the  lever  5tf,  the  connecting  rod  13d;  lever  18^,  and 
shaft  136, — the  parts  being  so  arranged  that  the  cushion  plate  5a  is  pressed  backwaxd. 
by  the  nipping  plate  5,  but  as  soon  as  the  pressure  is  removed  it  is  drawn  forward  by 
a  spring  until  it  arrives  at  the  strap.  Besides  this  movement,  the  nipping  plate  is 
caused  to  move  on  its  own  axis,  whicn  enables  it  to  quit  contact  with  the  cushion,  while 
the  cotton  is  being,  fed  in  between  them. 

The  cushion  5a  is  represented  as  thrown  back  by  the  nipping  plate  5,  and  while  in 
this  position  the  cotton  is  held  between  them,  until  the  combe  on  the  cylinder  pass 
between  the  fibres  of  cotton  idiich  protmde,  and  remove  firom  them  all  impuritiee  and 
the  fibres  whidi  are  too  short  to  oe  held  by  the  nipper.  The  combing  cylinder  6a 
is  attached  to  the  shaft,  or  axis  6,  by  which  it  is  xuMe  to  revolve.  The  perij^ery 
of  this  cylinder  is  divided  into  four  unequal  parts,  by  the  combs  66  on  one  side,  and 
the  fluted  segment  6o  on  the  other  side ;  the  spaces  between  them  being  pUin  to 
allow  time  for  the  nipper  and  leather  detadiing  vMtsr  8a  to  change  their  positions. 

The  combs  on  the  cylinder  are  made  with  teeth  at  various  distances,  the  coarser 
ones  taking  the  lead,  uid  flner  teeth  fcdlowing,  the  last  combs  having  more  than  80 
teeth  in  a  Uneal  inch.  All  impurity  or  waste  mixed  with  the  fibres  held  by  the  nipper 
is  carried  aw^  by  these  combs,  which  at*  every  revolution  are  deaned  by  the 
cylindrical  brosh  10a,  stripping  the  waste  from  them,  and  depositing  upon  the 
travelling  creeper  11a,  formed  of  wired  doth,  which  carries  it  down  until  the  doffing 
•  knife,  or  steel  blade  12  removes  it  in  the  usual  manner ;  it  then  drops  into  a  waste 
box,  and  is  afterwards  used  for  inferior  purposes. 

As  soon  as  the  combs  have  all  passed  the  fibres  held  by  the  nipper,  the  cushion 
plate  5a  is  drawn  forward,  the  nipper  plate  5  is  lifted  from  it,  and  the  fibres  are 
released.  The  fiuted  segment  60  on  the  cylinder  is  at  the  same  time  passing  immedi- 
atelv  under  the  cushion  plate  5a,  the  ends  of  the  combed  fibres  Mug  upon  it,  and  as 
the  leather  detaching  roller  8a  has  been  lowered  into  contact  with  the  fiuted  segment, 
they  are  then  drawn  forward ;  but  as  it  is  necessary  to  prevent  any  fibres  passing  that 
have  not  been  properly  cleaned  or  combed,  the  top  comb  7  is  placed  between  the 
nipper  and  the  roller  and  as  this  comb  falls  and  penetrates  the  fibre,  just  in  front  of 
the  part  uncombed  by  the  <^lindrical  combs  it  prevents  any  waste  from  being 
drawn  forward  with  the  combed  cotton. 

The  leather  detaching  roller  8a,  in  addition  to  its  occasional  contact  with  the  fluted 
segment  6c,  is  always  in  contact  with  the  fluted  steel  detaching  roller  8,  and  partici- 
pates, in  its  movements.  These  rollers  are  stationary  while  the  ^linder  combe  are 
cleaning  the  fibres  projecting  from  the  nipper,  but  as  soon  as  that  operation  is  com- 
pleted they  are  put  into  motion,  and  make  part  of  a  revolution  backward,  taking  bad: 
with  them  the  fibres  previously  combed,  but  taken  out  of  the  way  to  allow  the 
cylinder  combs  to  pass,  in  order  for  the  next  fibres  coming  forward  to  be  jmned  or 
pieced  to  them,  so  as  to  form  a  continuous  sliver  or  riband.  As  soon  as  the  badnvard 
movement  is  completed,  the  leather-detaching  roller  8a  is  made  to  approach  the 
cylinder  by  the  lever  ^,  which  receives  motion  from  a  cam  at  the  end  of  the  machine, 
tjirough  the  lever  8c?,  connecting  rod  8^,  lever  14c,  and  shaft  146.  Before,  however, 
it  comes  in  contact  with  the  fiuted  segment  6c,  the  movement  of  the  fiuted  roller 
is  reversed,  and  it  is  caused  to  turn  forward,  producing  a  corresponding  movement 
of  the  detaching  roller  8a,  the  speed  being  so  arranged  that,  befbre  they  are  allowed 
to  touch  each  oZher,  the  peripheries  of  the  fiuted  segment  6c  and  the  rcdler  8a  tzavd 
with  an  eqiukl  yelodty.  At  this  stage,  the  ends  of  the  fibres  deaned  by  the  cylinder 
combs  and  projecting  ftom  the  nipper  are  resting  upon  the  fiuted  segment;  and  the 
roller  8a,  in  comiuff  in  contact  with  it,  presses  upon  those  fibres,  and  immediately 
draws  them  forward ;  the  front  ends  are  then  lifted  by  the  leather  roller  and  placed 
on  the  top  of  those  fibres  previously  deaned,  and  lnou|^t  back  to  receive  them.  The 
pressure  of  the  rollers  8  and  8a  completes  the  piecing  of  the  fibres ;  the  motion  of  the 
rollers  being  continued  until  the  hinoermost  ends  of  the  fibrea  are  drawn  throogh  the 
top  comb,  and  a  length  of  cotton  is  delivered  to  the  callender  rollers, — sufficient  slack 
being  left  between  to  allow  for  the  next  backward  movement    The  idler  8a  is  then 
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ZttiMd  &om  Uie  fluted  segment  and  ceases  to  revolve.  From  the  callender  roUen,  the 
combed  cotton  passes  along  the  &ont  plate  or  conductor,  where  it  joins  the  slivers 
from  ti^e  other  nve  heads  of  the  machine,  and  with  them  passes  through  the  drawing 
head,  and  is  then  deposited  in  a  can  ready  to  be  removed  to  the  drawing  frame. 

Such  is  a  minute  analysis  of  the  movements  of  this  complicated  piece  of  mechanism. 
Perhaps  a  clearer  and  more  complete  view  of  its  operation  may  be  gathered  from  a 
summary  statement 

The  lap  of  cotton  having  been  placed  on  a  pair  of  revolving  lap  rollers,  the  fleece, 
or  sheet  o£  cotton,  is  conducted  down  an  inclinod  guide  to  a  fluted  steel  feeding  roller, 
which  places  the  cotton  between  the  open  jaws  of  an  iron  nipper.  The  nipper  is  then 
closed  and  made  to  approach  the  comb  cylinder,  where  it  holds  the  fibres  in  such  a 
position  that  the  combs  of  the  revolving  i^linder  pass  between  and  remove  fh>m  the 
fibrM  all  impurities  and  short  or  broken  cotton,  which  are  afterwards  worked  up  into 
yarns  of  a  coarser  quality.  As  soon  as  the  combs  have  all  passed  through  the  first 
portion  of  the  fieece  under  treatment,  the  nipper  recedes  from  the  cylinder,  and  when 
It  has  reached  the  proper  distance,  opens  its  jaws,  and  allows  the  partially  combed  fibres 
to  be  drawn  out  of  the  fleece,  by  means  of  a  leather-covered  roller.  Thb  drawing  out 
of  these  fibres  brings  their  uncombed  ends,  which  were  before  held  in  the  nipper, 
undw  the  teeth  of  a  fine  top  comb,  thus  completing  the  combingof  each  separate  fibre. 
Previous  to  the  movement  for  drawing  out  fresh  fibres  from  the  uncombed  fieece,  the 
detaching  roller  has  made  a  partialrevolution  backwards,  and  taken  with  it  the  combed 
cotton  previously  delivered,  in  order  to  piece  to  it  the  fibres  just  combed.  The  machine 
is  so  arranged  that  the  forward  movement  of  the  detaching  roller  brings  out  the 
cotton  in  a  continuous  sliver  to  the  front  of  the  machine. 

Both  the  detailed  and  the  summary  statement  just  presented  describe  only  one 
'  head '  or  section  of  the  machine.  There  are,  however,  working  simultaneously  side 
by  side  and  identical  in  construction,  six  heads  on  one  machine.  Each  oi  these 
delivers  a  continuous  sliver  of  combed  cotton,  and  the  whole  six  slivers  are  finally 
combined  into  one,  which  is  then  ready  for  the  next  operation,  viz.,  Drawing. 

When  the  cotton  leaves  the  carding  engine  (or  in  the  case  of  very  fine  yam  the 
combing  machine)  it  ought  to  be  quite  dean,  having  regard  to  the  particular  degree  of 
purity  and  brightness  required  in  the  kind  of  yam  it  is  proposed  to  spin.  If  the  dirt 
and  other  impurities  have  not  been  sufficiently  got  rid  of  at  this  stage,  there  is  no 
hope  of  their  being  extracted  afterwards.  What  remains  now  to  be  done  before  the 
actaal  spnning  can  take  place  is  simply  to  equalise  the  sliver  and  complete  the 
straightening  of  the  fibres.  To  a  great  extent  this  last  operation  has  been  already 
accomplished  by  the  carding  engine ;  but  a  slight  examination  of  the  fieece  as  it  comes 
from  tne  doffer  of  the  engine  wUl  show  that  the  parallelism  of  the  fibres  is  as  yet  in  a 
very  imperfect  state.  This  double  olnect  of  equalising  the  sliver  and  making  the 
fibres  quite  parallel  and  straight,  is  effected  by  means  of  the  Dramng  Frame,  The 
former  end  is  reached  by  frequent  combination  of  the  sliver,  by  doubling  as  it  is  termed 
— whilst  the  latter  is  accomplished  by  drawing  out  or  attenuating  the  combined  slivers. 
The  dnwing  operation,  or  draughty  is  indeed  repeated  in  all  the  subsequent  processes 
also,  and  it  will  therefore  be  convenient  to  describe  it  once  for  aU. 
Let  a  and  6,  fig,  569,  represent  the  section  of  two  rollers  lying 
over  eadi  other,  which  touch  with  a  regulated  pressure,  and  turn 
in  contact  upon  their  axes  in  the  direction  shown  by  the  arrows. 
These  rollers  will  lay  hold  of  the  fleecy  riband  presented  to  them 
at  the  i>oint  of  contact,  draw  it  throng  between  them,  and 
deliver  it  quite  undianged.  The  lengtn  of  the  pece  passed 
through  in  a  given  time  will  be  equal  to  the  circumference  of  one 
of  tile  rollers  midtiplied  by  the  number  of  its  entire  revolutions 
in  the  same  time.  Now  u  the  speed  and  circumference  of  the 
three  sets  of  rollers  shown  in  toe  figure  be  the  same,  that  is 
to  say,  if  their  sur£EU!es  travel  at  the  same  rate,  the  riband  will 
be  ddivered  from  the  last  pair  of  rollers  of  exactly  the  same 
thidmess  or  *  counts '  as  at  its  entranceat  the  first  pair.  But  if  the  surfSsice  speed  of  <t 
and  d  be  greater  than  that  of  a  and  6,  then  the  former  pair  will  deliver  a  greater 
length  of  riband  than  the  latter  receives  and  transmits  to  it  The  consequence  can 
be  nothuig  else  in  these  drcumstances  than  a  regulated  drawing  or  elongation 
of  the  rilMind  in  the  interval  betwixt  a,  6,  and  c,  d,  and  a  tendency  of  the  fila- 
ments as  they  glide  over  each  other,  to  assume  a  stikight  parallel  direction.  In  like 
manner  the  drawing  mav  be  repeated  by  giving  the  rollers  e,/,  a  greater  surface 
speed  than  that  of  we  rollers  o  and  d.  This  increase  of  velodty  may  be  produced, 
either  by  enlarging  the  diameter,  or  by  increasing  the  number  of  turns  in  the  same 
time,  or  finally  by  both  methods  conjoined.    Li  general  the  rollers  are  so  acljusted. 
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that  the  chief  elongation  takes  place  between  the  second  and  third  paira,  idiile  that 
between  the  first  and  second  is  but  slight  and  preparatory.  It  is  obyions,  besides, 
that  the  speed  of  tlie  middle  pair  of  rollers  can  have  no  influence  upon  the  amount 
of  the  extension,  provided  the  speed  of  the  first  and  third  pairs  remains  un- 
changed. The  rollers  a,  by  and  c,  d^  maintain  towards  each  other  oontinoally  the 
the  same  position,  but  they  may  be  removed  with  their  £rame-work,  mare  or  less,  from 
the  third  pair,  e,/,  according  as  the  length  of  the  cotton  staple  may  require.  The 
distance  between  the  points  of  contact  of  a,  6,  and  c,  d^  is,  once  for  all,  so  calculated, 
that  it  shall  exceed  the  length  of  the  cotton  filaments,  in  order  that  these  filaments  may 
not  be  torn  asunder,  by  the  second  pair  pulling  them  while  the  first  holds  them  fast. 
Between  d  and/,  where  the  greatest  extension  takes  place,  the  distance  must  be  as 
small  as  it  can  be  without  ri&  of  tearing.  If  the  distance  between  d  and/  be  veiy 
great,  a  riband  passing  through  will  be  found  to  be  much  less  evenly  drawn  than  iHien 
the  two  sets  of  rollers  are  set  so  close  to  each  other  as  to  act  upon  the  shortest  possible 
length  of  riband  at  once. 

The  under  rollers  b,  <?,/,  are  made  of  iron,  and  to  enable  them  to  lay  firmer  hold  of 
the  filaments  their  surfaces  are  fiuted  with  triangular  channels  parallel  to  their  axes. 
The  upper  rollers,  a,  c,  f,  are  also  made  of  iron,  but  they  are  smooth,  and  covered  with 
a  double  coating,  which  gives  them  a  certain  degree  of  softness  and  elasticity.  A  coat 
of  fiannel  is  first  applied  by  sewing  or  glueing  the  ends,  and  then  a  coat  of  leather  in 
the  same  way.  The  junction  edges  of  the  leather  are  cut  slanting,  so  that  when 
joined  by  the  glue,  the  surface  of  the  roller  may  bo  smoothly  cylindrical  The  top 
rollers  are  sometimes  called  the  presserSf  because  they  press  by  means  of  weights 
upon  the  under  ones.  These  weights  are  suspended  to  the  slight  rods  k'  k ;  of  "iHiich 
the  former  operates  on  the  roller  e  alone,  the  latter  on  the  two  rollers  a  and  c  together. 
For  this  purpose  the  former  is  hung  to  a  oshaped  curve  i,  whose  upper  hook  embraces 
the  roller,  not  the  curved  portion  of  it  used  in  the  drawing  operation  and  called  the 
boss,  but  the  central  portion  between  the  bosses,  which  is  turned  smooth  for  the  pur- 
pose. The  latter  is  suspended  upon  a  brass  saddle  A,  which  rests  upon  a  and  c  A 
bar  of  haid  wood,  ^,  called  a  clearer,  whose  under  Bxutace  is  covered  with  flannel, 
rests,  with  merely  its  own  weight,  upon  the  top  rollers,  «nd  strips  off  all  the  loose 
hangin|^  filaments,  which  gather  upon  the  roller  when  at  work.  Similar  bars  with  the 
same  view  are  made  to  bc^  up  under  the  fluted  rollers  b,  d,f,  and  press  against  them 
by  a  weight  acting  through  a  cord  passing  over  a  pulley.  IniBtead  of  the  upper  dearers, 
light  wooden  rollers  covered  with  flannel  are  occasionally  applied. 

Were  the  drawing  of  a  riband  continued  till  all  its  flbres  acquired  the  desired 
dsgree  of  parallelism,  it  would  be  apt,  ftom  excessive  attenuation,  to  tear  across,  and 
tliereby  to  defeat  the  pur}X)se  of  the  spinner.  The  difficulty  is  got  rid  of  in  a  veiy 
simpile  way,  namely,  by  laying  several  ribands  together  at  every  repetition  of  the  process, 
and  incorporating  them  by  the  pressure  of  the  rollers.  The  practice  is  called  doublmg. 
It  is  an  exact  imitation  of  what  takes  place  when  we  draw  a  tuft  of  cotton  wool 
between  our  flngers  and  thumb  in  order  to  ascertain  the  length  of  the  staj^e,  and 
replace  the  drawn  fllaments  over  each  other,  and  thus  draw  tiiem  forth  again  and 
again,  till  they  are  all  |)arallel  and  of  nearly  equal  length.  The  doubling  has  another 
advantage,  that  of  causing  the  inequalities  of  thickness  in  the  ribands  to  disappear,  by 
applying  tJieir  thicker  to  their  thinner  portions,  and  thereby  j^odudng  uniformi^  <^ 
substance. 

The  drawing  frame,  as  shown  in  section  in  fig»,  659,  561,  and  in  a  back  view 
in  fig,  560,  will  require,  after  the  above  details,  little  farther  eiq>lanation.  / 1  are 
the  weights  which  press  down  the  top  rollers  upon  the  under  ones,  by  means  of 
the  rods  k  Jsf  and  hook  t.  Each  fluted  roller,  is,  as  shown  at/,  fig,  561,  provided  in 
the  middle  of  its  length  with  a  thinner  smooth  part  called  the  neek,  wiiereby  it  is 
really  divided  into  two  fluted  portions,  represented  by  «  e  in  the  figure.  Upon  this 
middle  neck  in  the  pressure  rollers,  the  hook  i,  and  the  saddle  il  immediatelv  bear,  as 
shown  in  the  former^.  559.  The  card-ends  or  slivers  to  the  number  probably  of  six, 
are  introduced  to  the  drawing  frame  either  from  cans,  placed  at  e  e,fig,  561,  and  a, 
fig,  560,  or  from  lap-bobbins ;  and,  after  passing  through  it|  the  ribands  or  slivers  are 
received  either  into  similar  cans  as  a,  or  upon  other  lap-bobbins  upon  the  other 
side.  These  appendages  may  be  readily  conceived,  and  are  therefore  not  exhibited  in 
all  the  drawings.  Three  of  the  slivers  being  laid  to^^er,  are  again  introduced  to 
the  one  fiuted  portion  a  b,  fig,  559,  and  three  other  slivers  to  the  ^er  portion.  The 
slopinff  curved  tin  or  brass  plate  «,  fia.  560,  with  its  guide  pins  t,  serves  to  conduct 
the  shvers  to  the  rollers.  When  the  two  threefold  slivers  have  passed  through 
between  the  three  pairs  of  rollers,  they  are  gathered  toother  behind  the  last  roller 
pair  ^fyfiff'  559,  and  issue  from  the  conical  funnel  mjUg,  560,  into  a  sin^e  riband, 
which  is  immediately  carried  off  with  equable  velocity  by  two  smooth  ca8t-ii»n  rdllcn, 
n  Of  figs,  560  and  561,  and  either  dropped  into  a  can  or  wound  upon  a  large  bobbin. 
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Four  fluted  diaiving  poptionB  are  UBually  mounted  in  one  drawing  fnme,  idiich  are 
■et  a-going  or  at  rest  together. 
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A  drawing  firame  nsually  consists  of  three  heads  or  portions,  each  similar  to  the 
other.  The  cotton  passes  once  through  each  head,  and  in  order  to  save  the  labour  of 
carrying  the  cans  from  one  side  to  another  of  the  frame,  the  centre  head  is  set  in  a 
direction  contrary  to  the  other  two.  By  this  alternate  arrangement,  the  work  goes 
on  without  interruption. 

The/<u^  })ulley  u,  fig.  561,  by  which  the  whole  machine  is  driven,  derives  its  motion 
from  the  main  shaft  oi  the  mill  b^  means  of  the  band  w.  The  similar  pulley  js,  which 
sits  loose  upon  the  axis,  and  turns  independently  of  it,  is  called  the  loose  pulley.  When 
the  operative  desires  to  stop  the  machme,  he  transfers  the  band  from  the  &st  to  the 
loose  pulley  by  means  of  a  lever  bearing  a  fork  at  its  end,  which  embraces  the  band. 
This  arrangement  of  fast  and  loose  pulley  is  conunon  to  all  machines  used  in  cotton 
manu&cture.  Upon  t/^  four  pulleys  such  as  x  are  fixed,  each  of  which  sets  in  motion 
a  drawing  head,  by  means  of  a  band  like  w  going  round  the  pulleys  x  and  «.  The 
toothed  wheel-work,  by  which  the  motions  are  conmiunicated  from  the  backmost  fluted 
roller  to  the  middle  and  front  ones,  is  seen  in^.  561. 

The  more  frequently  the  drawing  process  is  repeated,  the  more  perfectly  will  its 
object  be  accomplished.  The  fineness  of  the  appearance  of  the  sliver  after  the  last 
draught  depends  upon  the  number  of  doublings  coigointly  with  the  original  fineness 
and  number  of  drawings,  by  changing  the  wheels  which  drive  the  b^k  roller,  for 
others  with  a  different  number  of  teeth,  the  speed  of  the  roller  may  be  increased  or 
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diminished,  and  thus  the  fineness  of  the  sliver  may  be  modified  in  any  desired  degree ; 
for,  when  the  subsequent  processes  of  the  mill  remain  the  same,  the  finer  the  drawinga 
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the  finer  will  be  the  yarn.  For  spinning  coarse  numbers  oi^  low  counts,  for  example, 
six  card-ends  are  usually  transmitted  through  the  first  drawing  head,  and  converted 
into  one  riband.  Six  such  ribands  again  form  one  in  the  second  draught ;  six  of 
these  again  go  together  into  the  third  sliver ;  and  this  sliver  passes  five-fold  through 
the  last  draught  By  this  combination  1,080  of  the  original  card-ends  are  united  in 
the  finished  drawn  sliver « 6  x  6  x  6  x  5.  The  fineness  of  the  sliver  is,  however,  in 
consequence  of  these  doublings,  not  increased  but  rather  diminished.  For,  by  the 
drawing,  the  card-end  has  been  made  625  times  longer,  and  so  much  smaller ;  by  the 
doubling  alone  it  would  have  become  1,080  times  thicker;  therefore  the  original  thick- 
ness is  to  the  present  as  1,  to  the  fraction  iM  ;  that  is,  supposing  1,072  feet  of  the 
riband  delivered  by  the  card  to  weigh  one  pound,  625  feet,  the  sliver  of  the  last 
drawing,  will  also  weigh  a  pound. 

The  rearmost  or  last  drawing  roller  has  a  circumference  of  nearly  4  inches,  and 
makes  about  150  revolutions  per  minute ;  hence  each  of  these  drawing  heads  may 
turn  off  85,000  feet  of  sliver  in  12  hours. 

Fig,  562  is  a  complete  view  of  a  drawing  frame  as  manufactured  by  ECetherington 
and  Sons,  having  the  usual  modem  contrivances  for  increasing  the  quali^  and  the 
amount  of  work  done,  viz.,  a  stop  motion  behind  the  frame  to  stop  the  frame  when  a 
sliver  breaks ;  a  roller  plate  to  prevent  roller  laps.  The  ooiler  motion,  by  means^  of 
which  the  sliver  is  placed  in  the  can  in  circles  overlapping  each  other  on  the  principle 
described  in  fig,  563i  the  can  roving  frame ;  4  rows  of  draught  rollers  instead  of  3 ; 
and  lastly,  an  apparatus  for  lifting  all  the  roller  weights  from  off  the  rollers  at  any 
time  when  the  finme  may  be  stopped. 

A  further  improvement  is  now  added  to  drawing  frames,  viz.,  a  front  stopping  motion. 
The  object  of  the  back  stopping  motion  is  to  prevent  inequalities  arising  in  uie  sliver 
from  the  occasional  breakage  of  one  of  the  slivers  which  are  being  combined  together. 
The  front  one  has  a  different  purpose.  It  is  obvious  that  whenever  the  rollers  which 
carry  forward  the  sliver  from  the  front  drawing  rollers  to  the  can  £ul  to  take  up 
the  cotton  as  &8t  as  it  is  delivered,  there  arises  an  accumulation,  which,  from  the  great 
speed  at  which  the  sliver  passes  through  the  machine,  rapidly  increases.  All  this  accu- 
mulation was  formerly  so  far  wasted  that  it  was  necessarily  sent  back  into  the  mixing 
room  to  be  worked  over  again.  By  the  use  of  a  front  stopping  motion  the  drawing 
frame  is  now  stopped  instantly,  and  all  accumulation  of  this  kind  prevented. 

IStherto  the  riband  or  sliver  has  received  no  twist,  but  tjie  fibres  have  lain  in  a 
linear,  parallel  manner,  holding  together  in  a  loose  mass.  But  in  the  further  pre- 
|»ratory  processes,  some  reduction  of  the  thickness  of  the  riband  is  necessary,  so  that 
It  may  gradually  approach  the  thickness  finally  required  in  the  yarn.  The  natural  cohe- 
sion of  the  fibres  when  placed  side  by  side  will  not  now  be  sufficient  to  carry  the  sliver 
forward.  At  the  next  stage,  there»)re,  a  slight  convolution  or  twist  is  given  to  it 
simply  for  this  purpose.  This  operation  ti^es  place  in  the  Slubbmg  FVame,  The 
twisting  should  go  no  ftirtbor  than  to  fulfil  the  purpose  of  giving  cohesion,  otherwise 
^Q^  it  would  place  an  obstacle  in  the  way  of 

the  fiituro  attenuation  into  level  thread. 
The  combination  of  drawing  and  twisting 
is  what  mainlv  characterises  the  spinning 
processes,  and  with  this  ffafth  operation 
therefore,  commences  the  formation  of 
yam.  As,  however,  a  sudden  extennon 
to  the  wished-for  fineness  is  not  pnctic- 
able,  the  draught  is  thrice  repeated. 

Fig.  568  is  a  section  of  the  can.  or  lan- 
tern slubbing  frame,  the  ingenious  in- 
vention of  Arkwright,  which,  until  within 
the  last  50  years,  was  the  {principal  ma- 
chine for  communicating  the  indpient  tor^ 
sion  to  the  spon^  cord  furnished  by  the 
drawing  frame.  It  diffiors  from  that  frame 
in  nothing  but  the  twisting  mechanism ; 
and  consists  of  two  pairs  of  drawing 
rollers,  a  and  6,  between  whidi  the  sliver 
is  extendiid  in  the  usual  way ;  at  e  there 
are  bnisht^  for  cleaning  the  rollers ;  Bad 
d  IB  the  weight  which  presses  the  upper 
set  upon  the  lower.  Tke  wiping  covers 
(not  flho^^  here)  rest  ui>on  a  b.  The  surface  speed  of  the  posterior  or  second  paur 
of  rollers  is  8»  4,  or  5  times  greater  than  that  of  the  front  or  receiving  pair,  ae» 
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CorcBiig  to  the  desired  degree  of  attenuatioiL  Two  drawn  aliTen  wers  generallj 
Qnited  into  one  by  this  machine,  as  is  shown  in  the  figure,  where  they  are  seen 
coming  from  the  two  cans  d  0,  to  be  brought  together  by  Uie  pressure  rollers,  before 
they  reach  the  drawing  rollers  a  b»  The  slirer  as  it  escapes  from  these  rollers,  is 
conducted  into  the  reTolying  conical  lantern  ^,  through  the  fvamelfat  its  top.  This 
lantern-can  receives  its  motion  by  means  of  a  cord  passing  over  a  pulley  k,  placed  a 
little  way  above  the  step  on  which  it  turns.  The  motion  is  steadied  by  the  collet  of 
the  funnel  /,  being  embraced  by  a  brass  busk.  Such  a  machine  generally  contained 
four  drawing  heads,  each  mounted  with  two  lanterns ;  in  whose  side  there  was  a  door 
for  taking  out  the  conical  coil  of  roving.  The  motion  imparted  to  the  back  roller 
by  the  ba^d  pullcrjr  or  rigger  n,  was  conveyed  to  the  front  one  by  toothed  wheel-work. 
The  can  siubbmg  frame  has  long  be^  superseded  by  the  ieblrin  and  Flyfiame, 
a  kind  of  machine  which,  with  some  modifications,  is  still  used  not  only  for  the  alubbing 
process,  but  also  for  the  two  following  preparatory  ones,  viz,  InUrmediate  and  Bowng. 
Figa.  664  and  665  exhibit  a  perspective  and  a  sectional  view  of  this  frame.  It  is  to  be 
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observed,  however,  that  these  illustrations,  though  serving  well  enough  to  explain  the 
•general  construction  and  operation  of  the  Bobbin  and  ]^y  frame,  do  not  snow  the 
recent  improvements,  which  will  be  described  further  on. 

Fig.  665  exhibits  a  back  view  of  this  machine ;  and  j^.  666  a  section  of  some  of  the 
parts  not  very  visible  in  the  former  figure.  The  cotton  is  introduced  between  the  drawing 
rollers.  The  cans,  filled  with  slivers  from  the  drawing  frame,  are  placed  in  the  situation 
marked  at  the  back  of  the  machine  b,  fig,  666,  in  rows  parallel  with  the  length  of  the 
machine.  The  sliver  of  each  can  is  conducted  upwards  along  the  surface  of  a  sloj)ing 
board/,  and  through  an  iron  staple  or  guide  0,  between  the  usual  triple  pair  of 
drawing  rollers,  the  first  of  which  is  indicated  by  ab.  In  fig.  666,  for  the  purpose  of 
simpli^ng  the  fiffure,  the  greater  part  of  these  rollers  and  their  subordinate  piuts  are 
omitted.  After  the  slivers  have  been  sufficiently  extended  and  attenuated  between 
the  rollers,  they  proceed  forwards,  towards  the  spindles  ttt,  where  they  receive  the 
twist,  and  are  wound  upon  the  bobbins  A.  The  machine  delineated  contains  thirty 
spindles,  but  many  bobbin  and  fly  frames  contain  double  or  even  fDur  times  that 
number.    Only  a  few  of  the  spindles  are  shown  in>^.  665. 

The  drawing  rollers  in  this  machine  do  not  differ  essentially  from  those  described 
under  the  section  devoted  to  the  drawing  frame.  This  part  of  the  machine,  called  the 
roller  beam^  is  a  cast-iron  bench,  upon  wnich  the  bearers  c,  are  mounted  for  carrying 
the  rollers.  The  fluted  portions  of  the  rollers  a  a  at  fig,  667,  alternate  with  smooth 
*  necks  *  ssz.  The  whole  length  of  roller  is  subdivided  into  sections.  The  coupling 
of  these  roller  sections  or  subdivisions  into  one  cylinder  is  secured  by  the  square 
holes  jc,  and  square  pins  y,  fig,  667,  which  fit  into  the  holes  of  the  a^oining  subdi- 
vinon.  The  top  or  pressure  rollers  6,  are  two-fold  over  the  whole  set ;  and  the 
weighted  saddle  presses  upon  the  neck  «;,  which  connects  every  pair,  as  was  already 
explained  under  >i^.  560. 

The  structure  and  operation  of  the  spindles  t  may  be  best  understood  by  examining 
the  section  fig,  668.  They  are  made  of  steel,  are  cylindricid  from  Uie  top  down  to  a\ 
but  from  tins  part  down  to  the  steel  tipped  rounded  points  they  are  conicaL  The  wooden 
bobbin  A,  slides  upon  the  cylindrical  part,  which  must  move  fr^lv  upon  it,  as  will  be 
presently  explained.  The  upper  end  of  the  qnndle  bears  a  fork  •  ^,  whieh,  though 
revolving  with  it,  may  be  taken  off  at  pleasure  when  the  machine  is  standing  still. 
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This  fork  or  flyer,  has  a  fiinnel-formed  hole  at  v.    One  arm  of  the  fork  is  a  tdbe  $, «« 
open  at  top  and  bottom ;  the  leg  t^  is  added  merely  as  a  oounteipoise  to  the  other. 

565  566 


567 
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Infy,  566,  for  the  sake  of  eleamess,  the  forks  or  flyers  of  the  two  spindles  here  re- 
presented are  left  ont ;  and  in  /iff,  665  only  one  is  portrayed  for  the  same  reason.    If 
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we  suppose  the  spindles  and  bobbins  (both  of  which  haTe  independent  motions)  to 
reyolve  simnltaneonsly  and  in  the  same  direction,  their  operation  -will  be  as  follows : 
The  sliver  properly  dnwn  by  the  fluted  rollers,  enters  the  opening  of  the  fhnnel*v,  pro- 
ceeds thence  downwards  through  the  hole  in  the  arm  of  the  tack,  Tons  along  its  tube  u, «, 
and  then  winds  round  the  bobbin.    This  path  is  marked  in  Jiff,  568  by  a  dotted  line. 

The  revolution  of  the  spindles  in  the  above  circumstances  twists  the  sliver  into  a 
soft  cord ;  and  the  flyer  «,  t^  or  particularly  its  tubular  arm  «,  lays  this  cord  upon 
the  bobbin.  Were  the  speed  of  tine  bobbins  equal  to  that  of  the  spindles,  did  the 
bobbin  and  spindle  make  the  same  number  of  turns  in  the  same  tune,  the  process 
would  be  limited  to  mere  twisting.  But  the  bobbin  makes  in  a  given  time  a  some- 
what greater  number  of  revolutions  than  the  spindle,  and  thus  the  cord  is  wound  upon 
it  Suppose  the  bobbin  to  make  40  revolutions,  while  the  spindles  make  only  80 ;  80 
of  theee  revolutions  of  the  bobbin  will  be  inoperative  towards  the  winding-on,  because 
the  flyers  foUow  at  that  rate,  so  that  the  cord  or  twisted  sliver  will  only  be  coiled  10 
times  round  the  bobbin,  and  the  result  as  to  the  winding-on  will  be  the  same  as  if  the 
spindle  had  stood  still,  and  the  bobbin  had  made  40 — 80  s  10  turns.  The  80  turns  of 
the  spindles  serve,  therefore,  merely  the  purpose  of  communicating  twist* 

Simple  as  the  winding-on  process  may  seem,  a  little  reflection  will  show  that  there 
are  complications  involved  m  it  which  do  not  at  flrst  sight  appesr.  It  must  be 
observed,  in  the  flrst  place,  that  as  the  coxd  is  wound  on  the  bobbin,  the  diameter 
of  the  latter  increases  witJi  every  succeeding  layer  of  cord  put  upon  it,  and  the  length 
taken  up  by  each  turn  becomes  continually  greater.  It  is,  th^efore,  necessary  so  to 
reduce  the  number  of  revolutions  of  the  bobbin  as  that  they  may  not  stretch  nor  break 
the  cQxd  by  taking  it  up  fiister  than  it  is  delivered  from  the  fluted  rollers.  A  second 
pdnt  to  be  noticed  is,  that  in  order  to  secure  a  proper  distribution  of  the  cord  upon 
the  bobbin,  and  the  regular  increase  of  its  diameter,  two  of  its  successive  convolutions 
should  not  be  applied  over  each  other,  but  that  thev  should  be  laid  dose  side  by  side. 
This  object  is  attained  by  the  slowly  ascending  and  descending  motion  of  the  bobbin 
upon  the  spindle.  This  up-and-down  motion  must  become  progressively  slower,  since 
it  increases  the  diameter  m  the  bobbin  at  each  range  by  a  quantity  equal  to  the  dia- 
meter of  the  sliver.  What  has  now  been  stated  generally  will  become  more  intelligible 
by  an  example. 

Let  it  be  assumed  that  the  drawing  rollers  deliver,  in  10  seconds,  45  inches  of 
roving,  and  that  this  length  receives  80  twists.  The  spindles  must,  in  consequence, 
make  80  revolutions  in  10  seconds,  and  the  bobbins  must  turn  with  such  speed,  that 
the^r  wind  up  the  45  inches  in  10  seconds.  The  diameter  of  the  bobbin  barrols  being 
1|  inch,  thmr  circumference  of  course  4^  inches,  they  must  make  10  revolutions 
more  in  the  same  tame  than  the  spindles.  The  eflbctive  speed  of  the  bobbins  will  be 
thus  80 +  10  SB  40  turns  in  10  seconds.  Should  the  bobbins  increase  to  3  inches 
diameter,  by  the  winding-on  of  the  sliver,  they  will  take  up  9  inches  at  each  turn,  and 
consequently  45  inches  in  5  turns.  Their  speed  should  therefore  be  reduced  to 
80  + 5b 85  turns  in  10  seconds.  In  general,  the  excess  in  number  of  revolutions 
which  the  bobbins  must  make  over  me  spindles  is  inversely  as  the  diameter  of  the 
bobbins.  The  speed  of  the  bobbins  must  remain  uniform  during  the  period  of  one 
ascent  or  descent  upon  their  spindle,  and  must  diminish  at  the  instant  of  changing  the 
direction  of  the  up-and-down  motion;  because  a  fresh  range  of  convolutions  then 
begins  with  a  greater  diameter. 

The  motions  of  the  drawing  rollers,  the  spindles,  and  bobbins  are  produced  in  the 
following  manner  *. — A  shaft  o\  fign,  565  and  566,  extending  the  whole  length  of  the 
machine,  and  mounted  with  a  flv-wheel  cj',  is  set  in  motion  by  a  band  fhym  the  running 
pulley  upon  the  shaft  of  the  mill,  which  actuates  the  pulley  d,  V  is  the  loose  pulley 
upon  which  the  band  is  shifl^  when  the  machine  is  set  at  rest,  ^thin  the  pulley  <r , 
but  on  the  outside  of  the  frame,  the  shaft  </  carries  a  toothed  wheel  6*,  which  by  means 
of  the  intermediate  wheel  o*  turns  the  wheel  d^  upon  the  prolonged  shaft  of  the  back- 
most fluted  roller  {^,  fig,  566).  This  wheel,  <^,  may  be  changed  for  one  with  a 
greater  or  less  number  of  teeth  when  the  cotton  is  to  receive  more  or  less  twist;  for 
as  the  spindles  revolve  with  uniform  velocity,  they  communicate  the  more  torsion  the 
less  length  of  sliver  is  delivered  by  the  rollers  in  a  given  time.  Upon  the  same  shaft 
with  <^,  a  pinion,  «*,  is  flxed,  which  works  in  a  wheel,  }\  Within  the  frame  another 
changeable  toothed  wheel,  or  *  change  pinion '  ^,  is  made  f&st  to  the  shaft  of/*.  This 
pinion  regulates  the  drawing,  and  therein  the  flneness  or  mmbw  of  the  roving.  It 
works  in  a  wheel,  ^*,  upon  the  end  of  the  backmost  fluted  roller  a,  fig,  566.  The 
other  extremity  of  the  same  roller,  or,  properly  speaking,  line  of  holder  and  the  pulley 
is  sufficient  to  distend  the  endless  band  n',  which  runs  from  the  cone  A^,  through  under 
the  pulley  V,  and  round  the  small  drum  vi  on  the  shaft  <*.  A  pulley  or  whorl  P  with 
four  grooves,  is  made  fiaist  by  means  of  a  tube  to  this  shaft,  and  slides  along  it  back* 
wards  and  forwards,  without  eyer  cearing  to  follow  its  revolutions.    The  shaft  pos- 
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Beeses  for  this  purpoee  a  long  fork,  and  the  interior  of  the  tabe  a  oorrespondins  tongue 
or  catch.  There  is  besides  upon  the  tube  beneath  the  jralley,  at  «*,  a  gzooTe  that  goes 
round  it,  in  which  the  staple  or  forked  end  of  an  arm  like  t^,  fig,  666,  made  fast  to  the 
copping  beam  »,  catches.  By  the  up-and-down  movement  of  that  beam,  the  pulley  <• 
takes  along  with  it  the  arm  that  embraces  the  tube,  which  therefore  rises  and  £ills 
equally  with  the  bobbins  h',  and  their  pulleys  or  whorls  q.  This  is  requisite,  since 
the  bobbins  are  made  to  revolve  by  the  pulleys  P  by  means  of  two  endless  cords  or 

bands.  .        j      j  i.    v    tt 

Such  was  the  bobbin  and  fly  frame  prior  to  the  improvemente  introduced  by  Mr.  H. 
Houldsworth  in  the  *  equation  box*  mechanism  and  the  'roring  fingers/  By  means 
of  the  former  the  diflferential  movement  of  the  bobbins  already  referred  to  was  accom- 
plished with  much  greater  predsion  and  neatness  than  previously.  The  object  of  the 
tatter  was,  by  laying  the  soft  cord  or  sliver  upon  the  bobbin  with  a  certain  degree  of 
pressure,  to  put  an  increased  weight  of  cotton  upon  it,  and  thus  to  save  some  portion 
of  the  time  and  labour  lost  in  the  then  frequent  operations  of  'doflang'  or  removing 
the  full  bobbins  and  placing  empty  ones  in  their  places. 
FSff,  569  represents  a  portion  of  a  fly  frame  with  Kr.  Houldsworth's  iuTention. 
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a  a  a  are  the  front  drawing  rollers,  turning  upon  bearings  in  the  top  of  the  machine, 
and  worked  by  a  train  of  toothed  wheels,  in  the  way  that  drawing  rollers  are  usuallv 
actuated.  From  the  drawing  rollers,  the  filaments  of  cotton  are  brought  down  to  6  ( 
and  passed  through  the  arms  of  the  flyers  o  e,  mounted  on  the  tops  of  the  spindles  d  < 
whlcui  spindles  also  carry  the  loose  bobbins  e  e.  According  to  the  former  mode  of 
constructinff  such  machines,  the  spindles  were  turned  by  cords  or  bands  passing  from 
a  rotatory  drum  round  their  respective  pulleys  or  whorls  /,  and  the  loose  bobbins  c; 
turned  with  them  by  the  friction  of  their  slight  contact  to  the  apindle,  as  before  said ; 
in  the  improved  machine,  however,  the  movements  of  the  spindles  and  the  bobbins 
are  independent  and  distinct  from  each  other,  being  actuated  from  difRsrent  sources. 

The  main  shaft  j,  turned  by  a  band  and  rigger  ▲  as  usual,  communicatees  motion  by 
a  train  of  wheels  A,  through  the  shaft  t,  to  the  drawing  roUers  at  the  reverse  end  <^ 
the  machine,  and  causes  them  to  deliver  the  filaments  to  be  twisted.  Upon  the  main 
shaft^^,  is  mounted  a  cnrlindrical  hollow  box  or  drum  pulley,  whence  one  cord  psnnfii 
to  drive  the  whorls  and  spindles  /  and  d,  and  another  to  drive  the  bobbins  «.  lliis 
cylindrical  box  pulley  is  made  in  two  parts,  k  and  /,  and  slipped  upon  the  axle  with  a 
toothed  wheel  m,  intervening  between  them.  The  box  and  wheel  are  shown  detached 
in  fig,  670,  and  partly  in  section  at^.  571.  That  portion  of  the  box  with  its  pull^ 
marked  ^,  is  fixed  to  the  shaft  g ;  but  the  other  part  of  the  box  and  its  pulley  1,  and 
the  toothed  wheel  m,  slide  loosely  round  upon  the  shaft  g^  and  when  brought  in 
contact  and  confined  by  a  fixed  collar  n,  as  in  the  machine  shown  at  fig.  669,  they 
constitute  two  distinct  pulleys,  one  being  intended  to  actuate  the  spindles,  and  tlM 
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other  the  bobbms.  In  the  web  of  the  wheel  m,  a  small  berel  j^mon  o,  is  mounted 
upon  an  axle  standing  at  right  angles  to  the  shaft  ^,  which  pinion  is  intended  to  take 
into  the  two  bevel  pinions  p  and  q,  respectively  fixed  upon  bosses,  embracing  the  shaft 
in  the  interior  of  the  boxes  k  and  L  Now  it  l^ing  remembered  that  the  pinion  q,  and 
its  box  A  Are  fixed  to  the  shaft  ^,  and  tnm  with  it,  if  the  loose  iriieel  m  be  inaepen- 
dently  turned  upon  the  shaft  with  a  different  velocity,  its  pinion  o,  taking  into  ^,  will 
be  made  to  revolve  upon  its  axle,  and  to  drive  the  pinion  p  and  pulley  box  k,  m  the 
same  direction  as  the  wheel  m  ;  and  this  rotatory  movement  of  tne  box  k  and  wheel 
m,  may  be  faster  or  slower  than  the  shaft  g,  and  box  /,  according  to  the  velocity  with 
which  the  wheel  m  is  turned. 

The  main  shaft  g,  being  turned  by  the  band  and  rig^  a.,  as  above  said,  the  train  of 
wheels  A,  connected  with  it,  drives  the  shaft  t,  which  at  its  reverse  end  has  a  pinion 
(not  seen  in  the  figures)  that  actuates  the  whole  series  of  drawing  rollers  a.  Upon 
the  shaft  t  there  is  a  slioin^  pulley  r,  canying  a  band  «,  which  passes  down  to  a  ten- 
sion pulley  i,  and  is  kept  distended  by  a  wei^t.  This  band  «,  in  its  descent,  comes  in 
contact  with  the  surface  on  the  cone  u,  and  causes  the  cone  to  revolve  by  the  friction 
of  the  band  running  against  it  The  pulley  r  is  progressiyely  slidden  9long  the  shaft 
t,  by  means  of  a  ra^  and  weight  not  shown,  but  miH  understood  as  common  in  this 
kind  of  machines,  and  which  movement  of  the  pulley  is  for  the  purpose  of  progressively 
shifting  the  band  s  from  the  smaller  to  the  larger  diameter  of  the  cone,  m  order  that 
the  sp^d  of  its  rotation  may  gradually  diminiu  as  the  bobbins  fill  by  the  winding-on 
of  the  vams. 

At  the  end  of  the  axle  of  the  cone  u  a  small  jdnion  v  is  fixed,  which  takes  into  the 
teeth  of  the  loose  wheel  m,  and  as  the  cone  turns,  drives  the  wheel  m  round  upon  the 
shaft  a,  with  a  speed  dependent  always  upon  the  rapidity  of  the  rotation  of  the  cone. 
Now  the  box  pulley  /,  being  fixed  to  the  main  shaft  g,  turns  with  one  uniform  speed, 
and  by  cords  passing  from  it  over  glides  to  the  whorls/,  drives  all  the  spindles  and 
fiyeny  which  twist  ue  yams  with  one  continued  uniform  velocity ;  but  the  box  pulley 
k,  being  loose  upon  the  shaft,  and  actuated  by  the  bevel  pinions  within,  as  describea, 
is  made  to  revolve  by  the  rotation  of  the  wheel  m,  independent  of  the  shaft,  and  with 
a  different  speed  f^rom  the  pulley  box  / ;  cords  passing  from  tlus  pulley  box  k^  over 
guides  to  small  pulleys  under  the  bobbins,  communicate  the  motion,  whatever  it  may 
be,  of  the  pulley  box  k,  to  the  bobbins,  and  cause  them  to  turn,  and  to  take  up  or 

572 


wind  the  yam  with  a  speed  derived  from  this  source,  independent  of^  and  diiltont 
from,  the  speed  of  the  spindle  and  flyer  which  twist  the  yam. 
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It  will  ncfw  h6  perceived,  that  these  parts  being  all  adjusted  to  accommodate  the 
tflkiag  up  movementfl  to  the  twisting  or  spinning  of  any  particular  quality  of  jam 
intended  to  be  produced,  any  Tariations  between,  the  yeLodtiee  of  the  spinning  and 
taking  up^  which  another  quality  of  yarn  may  require,  can  easily  be  effected  by  merely 
changing  the  pinion  v  for  one  witJi  a  different  number  of  teeth,  which  will  cause  the 

673 


[JfToT 


wheel  m,  and  the  pulley  box  Ar,  to  drive  the  bobbins  faster  or  slower,  as  would  be 
required  in  winding-on  fine  or  coarse  yam,  the  speed  of  the  twisting  or  spinning  being 
the  same. 

The  bobbin  and  fly  frame  as  thus  detailed  is  now  no  longer  oonstrocted ;  but  k 
seemed  desirable,  if  not  necessazy,  to  4«9crib9  with  some  minuteness  a  machine  which 
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has  formed  the  baaiB  of  the  more  modem  dubbing^  intermediate,  and  ronmg  frames.  These 
three  operations,  which  follow  each  other  in  the  order  named,  come  next  after  that  of 
drawing.  They  have  one  common,  object,  to  gradually  attenuate  the  sliver  until  it 
is  at  last  sufficiently  reduced  in  thickness  to  be  advantageously  spun  into  yam.  But 
the  intermediate  and  roving  processes  have  one  other  purpose,  analogous  to  that 
fulfilled  by  the  drawing  frune,  viz.  to  secure  nniformi^  of  thickness  throughout  by 
the  operation  of  doubling.  Thus  two  dubbings  are  united  together,  and  are  drawn  out 
into'  one  iwtennediate  dubbina,  and  two  ijitermediate  slubbinas  into  one  roving. 

The  stubbing  frame  usually  consists  of  from  40  to  80  spindles.  Its  main  features 
will  be  easily  comprdiended  after  the  preceding  descriptions,  by  a  gltmce  at  Jig,  672, 
which  presents  the  principal  details  seen  in  a  tranverse  section.  The  sliver  is  brought 
from  the  drawing  £nme  in  deep  cylindrical  cans  and  placed  behind  the  slubbing  frune 
(on  the  right  hand  of  the  figure),  after  being  drawn  through  the  rollers  in  the 
manner  already  pointed  out.  It  will  be  observed,  however,  that  instead  of  bobbins,  as 
in  the  old  bobbin  and  fly  frame,  simple  wooden  tubes  are  now  used.  By  means  of  the 
presser  attached  to  one  end  of  each  flyer  the  slubbing,  as  the  cotton  sliver  is  now 
called,  is  built  up  in  a  solid  hard  mass  upon  the  tube,  not  in  a  cylindrical  form,  as  in 
the  case  of  the  bobbin,  but  with  the  ends  tapering  conically  as  shown  in  Jig,  578. 

The  construction  of  the  intermediate  and  roving  frames  is  identical  in  pUm,  and  so 
far  as  the  principal  working  parts  are  concerned  it  is  similar  to  that  of  the  slubbing 
fhune.  In  Jig,  678,  No.  1  illustrates  a  front  sectional  view  of  an  intermediate  frame, 
No.  2  a  back  view,  and  Nos.  8  and  4  the  two  ends.  Here  we  see  in  the  back,  and  in  one 
of  the  end  views,  the  spools  of  ootton  produced  by  the  slubbing  frame,  and  hence  called 
slubbinas,  placed  in  the  *  creel  *  behind  the  frame.  The  '  ends '  of  these  slubbings  are 
now  *  drawn '  or  attenuated  in  pairs  through  the  rollers,  after  the  fashion  previously 
described,  and  are  once  more  sUghtly  twisted  and  wound  upon  smaller  tubes  than 
before.  Theee  when  full  are  tninsferred  to  the  creel  of  the  roving  frame,  and  there 
receive  treatment  precisely  similar  to  that  of  the  intermediate  frame.  The  *  roving ', 
as  the  oord  is  called,  after  passing  through  the  roving  f^ame  is,  however,  much  more 
attenuated  than  the  *  intermediate,*  and  is  now  ready  for  the  final  spinning  process — 
except  in  mills  where  very  fine  yams  are  spun.  In  these  cases,  a  second  or  fine  roving 
or  'lack'  frame  is  used  for  the  purpose  of  again  doubling  and  equalising  the  cord  and 
fbrther  reducing  its  thickness.  The  intermediate  frame  usually  contains  from  80  to 
120  spindles,  and  the  roving  frame  from  120  to  200  spindles.  In  Jig.  674  the  frx>nt 
view  of  a  roving  frame  is  given  with  greater  completeness  than  is  presented  in  fig,  678. 

674 


The  earlier  processes  of  the  cotton  spinning  industry  which  we  have  thus  traced 
are  usually  comprehended  imder  the  technical  term,  the  *  preparation ; '  and  it  will 
readilv  be  understood  from  even  the  cursory  view  we  have  endeavoured  to  present, 
that  the  quality  of  the  yam  when  spun  will  greatly  depend  upon  the  manner  in  which 
these  processes  are  conducted.  So  widely  is  this  truth  recognised  amongst  practical 
spinners,  that  it  has  become  almost  an  axiom  that  a  bad  roving  can  never  make  a 
good  yam.  Since  the  *  cotton  famine '  which  arose  out  of  the  American  civil  war  of 
1861-66,  much  progress  has  been  made  in  the  practical  management  of  the  prepara- 
tory processes.  The  scarcity  and  high  price  of  raw  cotton  during  the  period  in 
question,  the  necessity  of  resorting  to  new  and  inferior  descriptions,  their  vaiying 
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eharacterifiticfl,  and  the  diflBculty  of  adapting  them  to  the  kind  of  pKodncdon  for  which 
American  cotton  had  proved  eminently  suitable,  laid  upon  peoraons  engaged  in  cotton- 
spinning,  at  that  time,  a  task  which  required  much  ingenuity  and  patience.  The 
result  has  been,  however,  to  improve  greatly  the  technical  methods  used  in  the  art, 
and  especially  as  we  have  stated,  in  the  detailfl  of  the  preparation.  This  end  has  not 
been  reached  by  any  fundamental  alteration,  but  rather  by  a  number  of  minor  impcoT»- 
ments,  which  are  the  result  of  a  closer  study  and  a  better  knowledge  of  the  working 
qualities  of  the  fibre  in  its  many  varieties  than  had  previously  been  thought  necessary, 
and  the  consequence  has  been  a  more  careful  and  successful  treatment  in  every  part 
of  the  chain  of  o^rations  imder  consideration. 

The  great  object  to  be  kept  in  view  throughout  the  *  preparation '  is  to  produce  a 
roving  as  free  from  impurity  as  possible,  and  as  uniform  in  weight  and  texture  as 
it  can  be  made,  consistently  with  due  economy.  For  the  former  end,  the  efiSciency 
and  right  mans^ment  of  the  scutching  and  carding  machinery  are  reqi^isite ;  for  the 
latter  a  due  adjustment  of  the  draughts  and  doublings,  regard  being  always  had 
towards  the  fineness  and  quality  of  the  yarn  required. 

Without  attempting  anything  in  the  way  of  a  history  of  ootton-spinning,  it  may  be 
well  to  refer  briefly  to  some  of  Uie  principal  stages  through  whi<m  this,  one  of  the 
^^^  earliest  of  the  industrial  occupations  of 

dvilised  Ufe,  has  at  length  reached  its 
present  advanced  position.  Except  the 
spindle  and  dista£^  the  use  of  which  was 
purely  handicraft,  the  earliest  contziTanee 
for  the  production  of  yam  was  the  spin- 
ning wheel  of  ancient  India  {fy,  575X  an 
instrument  veiy  like  the  common  '  iHieel,' 
which,  until  the  dawn  of  this  mechanical 
age  extinguished  it,  was  the  &miliar  com- 
panion of  eveiy  English  spinster. 

The  first  successful  eSait  to  improve 
upon  this  primitive  piece  of  mechanism 
.   was  that  of  James  Hargreaves,  who  about 
the  year  1764  invent^  his    *  spinning 
jenny,*    which  differed  little    from   the 
spinning  wheel,  except  in  enabling  one 
person  to  spin  simultaneously  upon  seve- 
ral spindles,  instead  of  one. 
Fiff.  576  represents  the  original  Jenny  of  Haigreaves,  which  contained  from  16  to 
40  spindles.    The  soft  cords  of  xovings  wound  in  double  conical  cops  upon  skewers 


were  placed  in  the  inclined  frame  at  c ;  the  spindles  for  first  twisting  and  thenwindii^ 
on  the  spun  yam  were  set  upright  in  steps  and  bushes  at  a,  being  furnished  near  their 
lower  ends  with  whorls,  and  endless  cords,  which  were  driven  by  passing  round  the 
long-revolving  drum  of  tin-plate,  e.  d  is  th^  clasp  or  clove,  having  a  handle  for 
liftuig  its  upper  jaw  a  little  way,  in  order  to  sdlow  a  few  inches  of  the  soft  roving  to 
be  introduced.  The  compound  clove  d  being  now  pushed  tcmnad  upon  its  friction 
wheels  to  a.,  was  next  gradually  drawn  backward,  while  the  spindles  were  made  to 
revolve  with  proper  speed  by  the  right  hand  of  the  operative  turning  the  flywheel  bl 
Whenever  one  stretch  was  thereby  spun,  the  clove  fame  was  slid  home .  towards  a  ,* 
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the  spindles  being  Bimnltaneonalj  whirled  slowly  to  take  np  the  yarn,  widch  was  laid 
on  in  a  conioal  cop  by  the  doe  depression  of  the  fedler  wire  at  a,  with  the  spinner^a 
left  hand. 

It  will  be  observed  that  no  attempt  was  made  in  Hargreaves'  machine  to  *  draw' 
the  cotton  through  rollers,  which  is  the  chief  distinction  between  ancient  and  modem 
spinning.  The  discovery  of  this  principle  really  preceded  that  of  Hargreaves,  and 
was  the  woik  of  Lewis  Paul  of  Birmingham,  who,  in  the  year  1738,  took  out  a  patent 
fbr 'spinning  wool  and  cotton  by  rollers.'  The  patentee  appears  to  have  received 
im^rtant  aid  in  the  working  out  of  the  idea  from  John  W^tt,  also  of  Birmingham, 
if  indeed,  the  original  conception  be  not  attributable  to  him.  It  does  not  appear, 
however,  that  the  invention  attributed  to  Paul  was  ever  adopted  upon  any  large  or 
useful  scale. 

We  come  now  to  the  spinning  machine  of  Arkwright,  the  invention  of  which  was 
almost  contemporaneous  with  t^t  of  Hargreaves'  jenny. 

Fiff,  677  is  a  diagram  of  Arkwright's  original  water-frame  spinning  machine,  called 
afterwards  the  water'twist  frame.  The  rovings  mounted  upon  bobbins  in  the  creel  ▲  a, 

677 
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have  their  ends  led  through  between  the  three  sets  of  twin  rollws  below  b  b,  thenoe 
down  through  the  eyelet-hooks  upon  the  end  of  the  flyers  of  the  sinndles  c,  and  finally 
attached  to  their  bobbins.  The  spindles  being  driven  by  the  band  d  d  upon  their 
lower  part,  continuously  twist  and  wind  the  finished  yam  upon  the  bobbins ;  consti- 
tuting the  first  unremitting  automatic  machine  for  sf^nning  which  the  world  ever  saw. 
The  water-twist  fi»me,  so  called  by  its  inventor  because  it  was  first  driven  by  water, 
is  now  supeneded  by  the  throstle  ftame,  of  which  the  name  has  no  assignable  origin. 
Fiff,  678  exhibits  a  vertical  section  of  this  machine,  which  has  upon  en^  side  of  its 
frame,  a  row  of  spindles  with  all  their  subsidiary  parts.  The  Dobbins  fiUed  with 
rovings  from  the  lx>bbin  and  fiy,  or  the  tube  frame,  are  set  up  in  the  creel  a  a,  in  two 
ranges,  b,  o,  dy  are  the  three  pairs  of  drawing  rollers  through  which  the  yam  is 
attenuated  to  the  proper  degree  of  fineness,  upon  the  principles  already  explained. 
At  its  escape  from  the  front  rollers,  eveiy  thread  runs  through  a  guide  eyelet  e  of  wire, 
which  gives  it  the  vertical  direction  down  towards  the  spindles  /,  ff.  The  spindles, 
which  perform  at  once  and  uninterraptedly  the  twisting  and  winding-on  of  the  thread 
delivered  by  the  rollers,  are  usually  made  of  steel,  and  temperod  at  their  lower  ends. 
They  stand  at  ^  in  steps,  pass  at  v  through  a  brass  bn^  or  collar  which  keeps  them 
upright,  and  revolve  very  rapidly  upon  their  axes.  The  bobbins  A,  destined  to  take 
up  the  yam  as  it  is  spun,  are  plsiced  loosely  upon  the  spindles,  and  rest,  independently 
of  the  rotation  of  the  spindles,  upon  the  copping-beam  /,  but  with  the  intervention  of 
a  strip  of  woollen  doth,  the  use  of  iriiich  in  acting  as  a  *drag'  upon  the  motion  of  the 
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bobbin  will  be  ondentood  by-and-bye.    Upon  the  top  of  the  spindles,  s  wire  fork, 
called  a  fly  or  flyer,  t,  k^  is  made  fetst  by  a  left-hand  screw,  and  has  one  of  its  forks 

turned  round  at  the  end  into  a  little  ring. 
^78  The  branch  of  the  flyer  at  /is  tabular,  to 

allow  the  thread  to  pass  through,  and  to 
escape  by  a  little  hole  at  its  side,  in  order 
to  reach  the  eyelet  at  the  end  of  that  fork. 
From  this  eyelet  t,  it  proceeds  directly  to 
the   bobbin.    By  the   revolution  of  the 
spindle,  the    twisting  of  the  portion  of 
thread  between  the  ^nt  roller  d^  and  the 
nozzle/,  is  effected.    The  winding-on  takes 
place  in  the  following  way:— Since  the 
bobbin  has  no  other  connection  with  the 
spindle  than  that  of  the  thread,  it  would 
but  for  it  remain  entirely  motionless,  reU- 
tlTely  to  the  spindle.    But  the  bobbin  is 
pulled  after  it  by  the  thread,  so  that  it 
must  follow  the  rotation  of  the  spindle 
and  fly.   When  we  consider  that  the  Uiread 
is  pinched  by  the  front  roller  <2,  and  is 
thereby  kept  ftdly  upon  the  stretch,  we 
perceive  that  the  rotation  of  the  bobbin 
^  must  be  the  result    Suppose  now  the  ten- 
sion to  be  suspended  for  an  instant,  while 
the  rollers  d  deliver,  for  example,  one  inch  of  yam.    The  weight  of  the  bobbin,  and 
its  friction  upon  the  copping  beam  /,  will,  und^  this  circumstance,  cause  the  bobbin 
to  hang  back  in  a  state  of  rest,  till  the  inch  of  yam  be  wound  on  by  the  whirling  of 
the  fly  i,  and  the  former  tension  be  restored.    The  delivery  of  the  yam  by  the  drawing 
rollers,  however,  does  not  take  place,  inch  after  inch,  by  starts,  but  at  a  certain  con- 
tinuous rate ;  whence  results  a  continuous  retardation  or  loitering,  so  to  speak,  of  the 
bobbins  behind  the  spindles,  just  to  such  an  extent  as  to  secure  the  winding  <^  the 
yam  upon  the  bobbin  as  fast  as  it  is  spun. 

This  process  in  spinning  is  essentially  the  same  as  what  occurs  in  the  flne  bobbin 
and  fly  frame,  but  is  here  simplified,  as  the  retardation  regulates  itself  according  to 
the  diameter  of  the  bobbin  by  the  drag  of  the  thread.  In  the  fly  frame  the  employment 
of  this  tension  is  impossible,  because  the  roving  has  too  little  cohesion  to  bear  the 
strain ;  and  hence  it  is  necessary  to  give  the  bobbins  that  independent  movement  of 
rotation  which  so  complicates  this  machine. 

The  up-and-down  motion  of  the  bobbins  along  the  spindles,  which  is  required  for 
the  equal  distribution  of  the  yam,  and  must  have  the  same  range  as  the  length  of  the 
bobbin  barrels,  is  performed  by  the  following  mechanism : — ^Eveiy  copping  rail  /,  is 
made  fast  to  a  bar  m,  and  this,  which  slides  in  a  vertical  groove  or  slot  at  the  end  of 
the  frame,  is  connected  by  a  rod  n,  with  an  equal-armed,  moveable  lever  o.  The  rod 
p  carries  a  weight  r,  suspended  from  this  lever ;  another  rod  ^,  connects  the  great 
lever  o,  with  a  smaller  one  «,  t,  upon  which  a  heart-shaped  disc  or  pulley  «,  works 
from  below  at  i.  By  the  rotation  of  the  disc  tt,  the  arm  t,  being  pressed  constantly 
down  upon  it  by  the  reaction,  the  weight  r  must  alternately  rise  and  fall ;  and  thus 
the  copping  rail  I  must  obviously  move  with  the  bobbins  h  up  and  down ;  the  bobbins 
upon  one  side  of  the  frame  rising,  as  those  upon  the  other  sink.  Strictly  considered, 
this  copping  motion  should  become  slower  as  the  winding-on  proceeds,  as  in  the  fly- 
roving  frame ;  but,  on  account  of  the  smallness  of  the  flnishea  thread,  tlus  construc- 
tion, which  would  render  the  machine  complicated,  is  without  inconvenience  nc^eoted, 
with  the  result  merely  that  the  coils  of  the  yam  are  successively  more  sparsely  laid 
on,  as  the  diameter  of  the  bobbin  increases.  The  movement  of  the  whole  mAi^liinA 
proceeds  from  the  shaft  of  a  horizontal  drum,  which  drives  the  spindles  by  means  of 
the  endless  bands  s  x.  Each  spindle  is  mounted  with  a  small  pulley  or  wharf  w,  at 
its  lower  part,  and  a  particular  band,  which  goes  round  that  wharf  or  whorl,  ajid  the 
drum  y.  The  bands  are  not  drawn  tense,  but  hang  down  in  a  somewhat  nUntang 
direction,  being  kept  distended  only  by  their  own  weight  Thus  every  spindle,  when 
its  thread  breaks,  can  readily  be  stot>ped  alone,  by  applying  a  slight  pressure  with  the 
hand  or  knee,  the  band  meanwhile  gliding  loosely  round  the  whorL  A  more  complete 
view  of  the  throstle  frame  is  presented  hyjig.  679. 

Several  modifications  of  the  tbrostle  have  been  attempted,  but  to^  few  of  any 
importance  have  stood  the  test  of  experience,  at  least,  in  England.  IRie  Danforth 
throsUe,  invented  in  1829,  had  for  its  main  object  to  increase  the  speed  of  the  spindles^ 
and  so  to  enlarge  the  productive  capacity  of  the  machine.  It  failea«  however,  amongst 
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other  reasons,  for  the  yexy  sufficient  ones  that  it  required  much  more  power  than  the 
ordinary  throsUe,  and  that  it  could  not  be  stopped  -without  causing  '  snarls  *  or  twisted 
tangles  in  the  yam.  Hie  Montgomery  throstle,  introduced  in  1832,  was  more  success- 
ful. In  this  machine  the  spindle  does  not  revolye,  but  is  stationary,  the  flyer  reyolying 

679 


round  it  and  winding  the  yam  upon  the  bobbins  in  the  usual  manner.  It  is  said  to 
produce  good  yam,  and  although  it  has  been  discarded  in  this  country,  it  still  holds 
its  ground  in  the  United  States.  Perhaps  the  most  remarkable,  as  well  as  one  of  the 
most  recent  improvements  in  the  throstle  frame  is  that  of  Semhardt's  *  doffing-motion.' 
The  labour  of '  doffing'  or  taking  off  the  bobbins  when  filled  with  yam,  as  well  as  the 
substituting  of  empty  ones  in  their  places,  is  usually  accomplished  by  boys,  who,  not- 
withstanding the  agility  with  which  they  perform  the  operation,  necessarily  keep  the 
machine  fDr  a  considerable  time  stanmng  stilL  This  loss  of  time,  as  well  as  the 
labour  of  the  '  doflfers,'  is  abolished  by  Bemhardt's  invention.  For  a  full  description 
of  this  ingenious  contrivance,  we  refer  the  reader  to  Mr.  Evan  Leigh's  *  Science  of 
Modem  Cotton  Spinning'  (Manchester,  1878).  The  same  work  contains  also  a  very 
full  account  of  the  ring  throstle  spinning  frame,  which  in  its  various  forms  has  taken 
deep  root  in  the  United  States,  and  is  b^nmng  to  find  appreciation  even  in  English 
muB,  where  there  was  formerly  a  strong  prejudice  against  it 

It  may  be  as  well  here  to  explain  what  is  meant  by  the  *  counts'  or '  numbers  of 
yam.  It  is  obvious  that  in  all  the  textile  industries  some  plan  of  indicating  the 
varying  thickness  of  the  yams  is  absolutely  necessary.  At  present  the  methods  em- 
ployed are  different  in  various  coimtries,  and,  even  in  the  same  country,  the  8ystem» 
used  in  the  principal  textiles  are  not  identical,  cotton,  linen,  silk,  and  jute  having  as 
a  rule  each  a  separate  system.  But  all  these  methods  are  found  to  rest  at  bottom  in 
one  of  two  principles :  First,  the  adoption  of  a  fixed  length  as  a  standard,  the  counts 
being  expressed  by  the  weight  of  this  fixed  length  in  any  g^ven  example.  This  plan 
is  rarely  followed,  except  in  the  case  of  silk,  in  which  therefore  the  higher  the  counts 
the  coarser  is  the  thread.  The  other  principle  is  founded  upon  a  fixed  unit  of  weight, 
and  determines  the  counts  by  the  length  required  to  reach  that  weight  On  this  plan 
the  numbering  of  all  other  kinds  of  yams  nroceeds  in  nearly  eveiy  country.  In 
cotton  yams  Uie  English  system  has  the  pound  (Avoirdupois)  for  the  unit  of  weight 
and  the  *hank'  of  840  yards  for  the  unit  of  length,  and  the  counts  is  determined  by 
the  number  of  hanks  which  in  any  given  case  is  needed  to  make  up  one  pound  in 
weight  The  French  system  adopts  the  half  kilogramme  (equal  to  1  lb.  1 J  oz.)  as  the 
unit  of  weight  and  the  hank  of  1,000  m&tres  (1,098  ^ards  22  inches)  as  the  unit  of 
length.  The  English  system  is  exclusive^  used  in  this  country,  in  America,  in  India, 
and  in  a  portion  of  the  Continent  The  French  system  prevails  in  France,  in  Alsace, 
and  in  some  portions  of  Germany,  Austria,  and  Italy.  An  effort,  originating  at  the 
Vienna  Exhibition  of  1873,  has  been  made  to  secure  a  uniform  method  in  the  number- 
ing of  yams.  No  definite  agreement  has  yet  been  arrived  at,  but  in  France,  and  in 
Alsace  there  is  a  strong  desire  that  the  French  or  *  metric '  system  should  be  generally 
adopted.  The  method  of  practically  testing  the  counts  of  yam  is  this : — A  short 
length  of  the  sample  to  be  tested  is  wound  upon  a  carefully-adjusted  measuring 
apparatus  called  a  *  wrap-reel,'  and  then  weighed  by  means  of  small  delicately  ba- 
lanced scales.  The  fineness  is  then  easily  determined  by  calculation  or  by  reference 
to  a  previously-compiled  table  of  equivalents. 

Yam  spun  upon  the  throaile  frame  needs  to  be  made  very  strong  in  order  that  it 
may  resist  the  strain  produced  by  the  'drag'  of  the  bobbin  whilst  being  spun.  On 
this  account  the  throstle  can  seldom  be  employed  with  advantage  in  spinning  the  finer 
and  more  delicate  yams.    As  a  matter  of  fact,  it  is  scarcely  ever  used  in  the  produc- 
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tioD  of  counto  finer  than  No.  86's.  MoreoTor,  it  is  necoBsaiy  that  thiosUe  yam,  for  the 
reason  just  stated,  should  be  highly  twisted,  should  reeeive  a  compantiTely  large 
number  of  tarns  or  twists  per  i^h,  and  hence  its  principal  chanM^nstic  is  its  hard, 
wiry  and  closely  compact  appearance.  On  this  account  it  is  especially  suitable  for 
the  manufacture  of  goods  which  cannot  be  woven  without  much  strain  upon  the  warp, 
or  which  when  finished  need  to  be  very  durable. 

Besides  the  special  characteristics  of  throstle  yam  to  wluch  we  have  alluded,  and 
which  greatly  limit  its  applicability,  one  other  must  be  noticed,  viz.  the  smallness  of 
the  rate  of  production.  This,  it  is  obvious,  increases  the  cost  of  ndnning,  and  the 
throstle  is  therefore  rarely  employed,  except  where  yam  is  required  possessing  the 
characteristics  already  indicated. 

We  now  come  to  describe  the  second  and 
more  widely  prevailing  type  of  spinning 
machinery,  that  of  the  mie.  The  name, 
which  is  founded  upon  a  rather  odd  analogy, 
is  traceable  to  the  fact  that  the  mule  was 
the  result  of  a  combination  of  the  principle 
of  Hargreaves*  *  jenny'  with  that  of  Aik- 
Wright's  water  twist  frame. 

The  inventor  of  the  mule  was  Samuel 
Crompton  of  HaU-in-the-Wood,  near  Bolton, 
His  discovery,  after  repeated  &ilurea,  was 
snccessfolly   completed   in    1779;   but   be 


reaped  only  a  slender  pecuniary  reward  from  it,  not  being  able  to  keep  his  secret  lon^ 
nor  to  pay  the  cost  of  securing  a  patent-right  in  it.  The  beneficial  results  of 
Cromj^ton's  labours  upon  the  economy  of  manufactures  have,  however,  placed  his 
name  in  the  front  rank  of  inventors.  He  received  a  parliamentary  grant  of  5,000^  a 
sum  which,  when  compared  with  what  he  might  have  obtained  under  the  protection  of 
a  patent,  was  insignificant.  A  statue  to  fals  memory  was  erected  in  Bolton  in  the 
year  1857,  thirty  years  after  his  death. 

It  will  have  been  already  observed  that  the  spinning  operation,  as  carried  on  by 
means  of  the  throstle  is  continuous,  that  is  to  sav,  the  motion  of  the  rollers,  the 
spindles,  and  the  bobbin  goes  on  simultaneously,  and  the  cotton  is  drawzi,  twisted  and 
wound  upon  the  bobbin  without  intermission  during  the  whole  of  the  time  that  the 
machine  is  at  work.  In  the  mule,  on  the  contrary,  the  action  is  intermittent  ov 
rather  alternate.  A  given  length  is  first  drawn  and  spun,  then  the  motion  of  the 
rollers  ceases,  the  spindles  stop  spinning,  and  proceed  to  wind  up  the  length  that  has 
been  spun.  Spinning  is  then  resumed  and  the  alternate  movements  are  repeated  ad 
libitum.  The  details  of  this  process  will  be  readily  understood  on  reference  to  jE^.  680, 
which  is  a  transverse  section  of  the  mule,  and  in  which  its  principal  ^arts  are  shown. 
The  machine  consists  of  two  main  sections :  a  fixed  one,  conesponoing  in  some  meamne 
to  the  water  frame  or  throstle,  and  a  moveable  one,  corresponding  to  the  jenny.  The 
first  contains  in  a  suitable  frame  the  drawing  roller-beam  and  the  chief  moving 
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machineiy ;.  the  second  is  called  the  carnage,  in  which  the  remainder  of  the  moving 
medianiflm  and  the  spindles  are  mounted. 

The  frame  of  the  fixed  part  consists  of  two  upright  sides,  and  two  or  more  inter* 
mediate  parallel  bearings,  upon  which  the  horizontal  roller  beam  a,  the  basis  of  the 
drawing  rdlers  is  supported.  6,  0,  <2  are  the  three  ranges  of  fluted  iron  rollers ;  0,/,  g, 
are  the  upper  iron  rollers  covered  with  leather ;  A,  the  wooden  wiper-rollers,  eoyered 
with  flannel,  which  being  occasionally  rubbed  with  chalk,  imparts  some  of  it  to  the 
pressure  rollers  beneath,  so  as  to  prevent  the  cotton  filaments  adhering  to  them. 

The  skewers  upon  which  the  bobbins  containing  the  rovings  &om  the  rovinfr  frame 
are  set  up  are  seen  at  a*,  a',  a*,  arranged  in  three  rows  in  the  creel  1.  The  soft 
threads  unwound  from  these  bobbins,  in  their  way  to  the  drawing  rollers,  pass  first 
throng  eyelets  in  the  ends  of  the  wire  arms  6*,  then  throng  the  nngs  or  eyes  of  the 
puide  bar  ler,  aikl  enter  between  the  back  pair  of  rollers.  The  number  of  these  bobbins 
IS  equal  to  the  number  of  spindles  in  the  mule,  and  twice  as  great  as  the  number  of 
fluted  portions  of  the  rollers;  for  two  threads  are  assigned  to  each  portion. 

The  carriage  consists  of  two  cast-iron  side  pieces,  and  several  cast-iron  intermediate 
similar  ^eces,  such  as  /*,  which  altogether  are  made  £BMt  to  the  planks  d',  0*,  ^, 
The  top  IS  covered  in  with  the  plank  ^.  The  carriage  runs  by  means  of  its  cast-iron 
grooved  wheels,  upon  the  cast-iron  railway  /,  which  is  flzed  level  on  the  floor. 

The  spindles  stand  upon  the  carriage  in  a  frame,  which  consists  of  two  slant  r^ls 
A*,  «*,  connected  by  two  slender  rods  ^,  and  which  frame  may  be  set  more  or  lees 
obliquely.  The  lower  rail  carries  the  Ivass  ste^  for  the  points  of  the  spindles  6* ; 
upon  the  upper  rail  brass  slips  are  flzed  pierced  with  holes  urou^  which  the  tops  of 
the  spindles  plav.  The  spindles  are  as  usual  made  of  steel,  perfectly  straight,  turned 
truly  round,  and  are  all  arranged  in  one  plane.  To  each  of  them  a  small  wooden  or 
cast-iron  whorl  ^  is  made  fiist  They  are  distributed  into  groups  of  24,  and  the 
whorls  are  arranged  at  such  different  heights,  that  only  two  of  them  in  each  group 
are  upon  a  level  with  each  other.  A  small  brass  head  h\  which  every  spindle  has 
beneath  the  upper  slant  rail  of  the  frame  je",  prevents  their  sitting  down  into  the  step 
during  their  rotation,  or  sliding  off  their  cop  of  yam. 

c*  are  drums,  mounted  in  the  carriage  in  a  plane  at  right  angles  to. the  plane  in 
which  the  spindles  are  placed.  At  top  they  have  a  double  groove  for  a  cord  to  run 
in,  and  the  motion  which  they  receive  from  the  great  fly  wheel,  or  run  of  the  mule 
(not  visible  in  this  view)  they  impart  to  the  spindles.  Such  a  drum  is  assigned  to 
every  24  spindles ;  and  therefore  a  nmle  of  480  spindles  contains  20  drums.  In  the 
middle  of  the  carriage  is  seen  the  horizontal  pulley  /b*,  fnrmshed  with  three  grooyes, 
which  stands  in  a  line  with  the  drums  o*. 

The  motion  is  given  to  the  drums  o*,  upon  the  right  hand  half  of  the  carriage  by  a 
single  endless  bemd  or  cord  which  proceeds  from  the  middle  groove  of  the  pidley  /b*. 
The  rotation  of  the  spindles  is  produced  by  a  slender  cord,  of  which  there  are  12 
upon  each  drum  c* ;  because  every  such  cwd  goes  round  the  drum,  and  also  every 
two  wharves  which  stand  at  the  same  level  upon  the  spindles.  It  is  obvious  that  the 
drums,  and  consetjuently  the  spindles,  must  continue  to  revolve  as  long  as  the  mun 
rim  of  the  mule  is  turned,  whether  the  carriage  be  at  rest  or  in  motion  upon  its 
railway. 

If  we  suppose  the  carriage  to  be  run  in  to  its  standing  point,  or  to  be  pushed  home 
to  the  spot  from  which  it  starts  in  spinning,  its  back  plant  tP  will  strike  the  post  g* 
upon  the  flzed  frame,  and  the  points  of  the  spindles  will  be  close  in  fh>nt  of  the  roller 
beam.  The  rollers  now  begin  to  turn  and  to  deliver  threads,  which  receive  imme- 
diately a  portion  of  their  twist  from  the  spindles ;  the  carriage  retires  from  the  roller 
beam  with  somewhat  greater  speed  than  the  surface  speed  of  the  front  rollers,  where- 
by the  threads  receive  a  certain  degree  of  stretching,  which  affects  most  their  thicker 
and  less  twisted  portions  and  thereby  contributes  greatly  to  the  levelness  of  the  yam. 
When  the  carriage  has  run  out  to  the  end  of  its  course,  or  has  completed  a  stretch, 
the  fluted  rollers  suddenlv  cease  to  revolve  (and  sometimes  even  earlier,  when  a 
second  stretch  is  to  be  made),  but  the  spindles  continue  to  whirl  till  the  fully  extended 
threads  have  received  the  proper  second  or  after  twist.  Then  the  carriage  must  be 
put  up,  or  run  back  towards  the  rollers,  and  the  threads  must  be  wound  upon  the 
spindles.  This  is  the  order  of  movements  which  belong  to  the  mule.  It  has  been 
shown  how  the  rotation  of  the  spindles  is  produced. 

For  winding-on  the  yam  the  carriage  has  a  peculiar  apparatus,  which  we  shall  now 
describe.  In  front  of  it,  through  the  whole  extent  to  the  right  hand  as  well  as  the 
left,  a  slender  iron  rod,  d*^  runs  horizontally  along,  in  a  line  somewhat  higher  than 
the  middle  of  the  coping  portion  of  the  spindles,  and  is  supported  by  several  props, 
such  as  ^.  U|>on  each  end  of  the  two  rods,  <2*,  thore  is  an  arm,  g^ ;  and  betwixt  these 
arms  an  iron  wire,  called  the  copping  wire,  /%  is  stretched,  parallel  with  the  rod  d^. 
For  the  support  of  this  wire,  there  are  several  alender  bent  arms  h^  extended  from  the 
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rod  (^  at  seyenl  pointo  befcwixt  the  straiglit  anns  ^.  The  rod  ^  haSt  beodes,  & 
wooden  handle  at  the  place  opposite  to  where  the  spinner  stands,  by  which  it  can  be 
readily  grasped.  This  morement  is  applied  at  the  left  diTision  of  the  machine,  and 
it  is  commnnicated  to  the  right  by  an  apparatus  which  resembles  a  crane's  bilL  The 
two  arms,  ^,  in  the  middle  of  the  machine,  project  oyer  the  rods  cl*,  and  are  oonneoted 
b^  hinges  with  two  yertieal  rods  j*,  which  hang  together  downwards  in  like  manner 
with  two  arms  t*,  proceeding  from  a  horizontal  axis  Jr. 

By  means  of  that  apparatus  the  yam  is  wonnd  upon  the  spindles  in  the  following^ 
manner : — Ab  long  as  the  stretching  and  twisting  go  on,  the  threads  fbnn  an  obtuse 
angle  with  the  spindles,  and  therebr  slide  contintully  over  their  smooth  roonded  tipe 
during  their  revolution,  without  the  possibility  of  coiling  upon  them.  When,  how- 
ever, the  spinning  process  is  completed,  the  spinner  seises  the  carriage  with  Ids  left 
hand  and  pushes  it  back  towards  the  roller  beam,  while  with  his  rieht  hand  he  tarns 
round  the  handle  of  the  rim  or  fly  wheel,  and  consequently  the  spinmes.  At  the  same 
time,  by  means  of  the  handle  upon  the  rod  (^,  he  moves  the  oopping-wire/*,  so  that  it 
presses  down  all  the  threads  at  once,  and  places  them  in  a  direction  nearly  perpen- 
dicular to  the  spindles ;  as  shown  by  the  dotted  line  ^.  That  this  movement  of  the 
copping  wire,  however,  may  take  place  without  injury  to  the  yam,  it  is  necessary  to 
turn  the  rim  beforehand  a  little  m  the  opposite  direction,  so  that  the  threads  may 
get  uncoiled  from  the  upper  parts  of  the  spindles,  and  become  sladc ;  an  operatioa 
called  in  technical  language  the  baoking-off.  The  range  upon  which  the  threads 
should  be  wound,  in  order  to  form  a  c(mical  cop  upon  the  spinme,  is  hit  by  depressing 
the  copping  wire  to  various  angles,  nicely  graduated  by  an  ezperienoed  eye.  This 
£Etllerwire  alone  is  not,  however,  sufficient  for  the  purpose  of  winding-on  a  seemly oop, 
as  there  are  always  some  loose  threads  which  it  cannot  reach  without  breaking  others. 

Another  wire  called  the  cowUer-faUer^  fi,  must  be  applied  under  the  thrMds.  It 
may  be  raised  to  an  elevation  limited  by  the  angular  piece  p^ ;  and  is  counterpoised 
by  a  very  light  wei^t  m*,  applied  through  the  bent  lever  n*,  which  turns  upon  the 
fhlcrum  6*.  This  wire,  which  applies  but  a  ^ntle  pressure,  gives  tension  to  all  the 
threads,  and  brings  them  regularly  into  the  height  and  range  of  the  &ller/*.  This  wire, 
must  be  raised  once  more,  whenever  the  carriage  approaches  the  roller  beam.  At  this 
instant  a  new  stretch  commences ;  the  rollers  begin  again  to  revolve,  and  the  carriage 
resumes  its  former  course.    These  motions  are  performed  by  the  automatic  machinery. 

There  is  a  little  ezoentric  pulley  mechanism  for  moving  the  guide  beam  to  and  fro 
with  the  soft  yams,  as  they  enter  between  the  back  rollers.  On  the  right  hand 
end  of  the  bacx  roller  shaft,  a  worm  screw  is  formed  which  works  into  the  oblique 
teeth  of  a  pinion  attached  to  the  end  of  the  guide  beam,  in  which  there  is  a  series  of 
holes  for  the  passage  of  the  threads,  two  throads  being  assigned  to  each  fluted  roller. 
In  the  flat  oisc  of  the  pinion,  an  ezoentric  'pin.  stands  up  which  takes  into  the 
jointed  lever  upon  the  end  of  the  guide  beam,  and  as  it  revolves,  pushes  that  beam 
alternately  to  the  left  and  the  right  by  a  space  equal  to  its  ezoentricity.  This  motion 
is  exceedingly  slow,  since  for  e^  revolution  of  the  back  roller,  the  pnion  advances 
odly  by  one  tooth  out  of  the  33,  which  are  cut  in  its  circumference. 

After  counting  the  number  of  teeth  in  the  different  wheels  and  pinions  of  the 
mule,  or  measuring  their  relative  diameters,  it  is  easy  to  compute  the  extensi<m  and 
twist  of  the  yams ;  and  when  the  last  fineness  is  siven  to  ascertain  thar  marketable 
value.  Let  the  ratio  of  speed  between  the  three  cbawing  rollers  be  1 :  l^:  7i;  and 
the  diameter  of  the  back  and  middle  roller  three  quarters  of  an  inch :  that  of  the  frxmt 
roller  one  inch;  in  which  case  the  drawing  is  thereby  increased  H  time»  and 
71 X  1^-10.  If  the  rovings  in  the  creel  bobbins  have  been  Ko.  4,  the  yam,  after 
paraing  through  the  rollers,  will  be  Ko.  40.  By  altering  the  change  pinion  (not 
visible  in  this  view)  the  fineness  may  be  changed  within  certain  limits,  by  altering 
the  relative  speed  of  the  rollers.  For  one  revolution  of  the  great  rim  or  fly  wheel  ca 
the  mule,  tiie  front  roller  makes  about  6-tenths  of  a  turn,  and  delivers  therafore  22*6 
lines  or  12ths  of  an  inch  of  yam,  which,  in  consequence  of  the  tenfold  draught 
through  the  rollers,  corresponds  to  2'26  lines  of  roving  fed  in  at  the  back  rollers. 
The  spindles  or  their  whorls  make  about  66  revolutions  for  one  turn  of  the  rim.  The 
pulleys  or  grooved  wheels  on  which  the  carriage  runs,  perform  0*107  part  of  a  torn 
while  the  rim  makes  one  revolution,  and  move  the  carnage  24*1  lines  upon  its  raUs^ 
the  wheels  being  six  inches  i|i  diameter. 

The  22*6  lines  of  soft  yam  delivered  by  the  front  rollers  will  be  stretched  1^  Hne 
by  the  carriage  advancing  24*1  lines  in  the  same  time.  Let  the  length  of  the  railway, 
or  of  each  stretch  be  6  feet,  the  carriage  will  complete  its  course  after  30  revolutions  of 
the  rim  wheel,  and  the  5-feet  length  of  yam  (of  which  56|  inches  issue  ftcm  the 
drawing  rollers,  and  3^  inches  proceed  from  the  stretching)  is,  by  the  simultaneous 
whirling  of  the  spindles,  twisted  1,980  times,  being  at  the  rate  of  83  twists  for  every 
inch.    The  second  twist,  Irhich  the  threads  receive  after  the  carriage  has  come  to 
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repose,  is  regulated  acoordmg  to  the  quality  of  tlie  cotton  wool,  and  the  purpose  for 
which  the  jram  is  spun.  For  warp  yam  of  No.  40  or  50,  for  example,  6  or  8  turns  of 
the  rim  wheel,  that  is,  from  396  to  528  whirls  of  the  spindles  for  the  whole  stretch, 
therefore  irom  7  to  9  twists  per  inch,  will  be  sufficient.  The  finished  yam  thus 
receiyes  from  40  to  42  twists  per  inch. 

One  spinner  attends  to  two  mules,  which  &ce  each  other,  so  that  he  need  merely 
turn  round  in  the  spot  where  he  stands,  to  find  himself  in  the  proper  position  for  the 
other  mule.  For  this  reason  the  rim  wheel  and  handle,  by  which  he  operates,  are  not 
placed  in  the  middle  of  the  length  of  the  machine,  but  about  two-fifths  of  the  spindles 
are  to  the  right  hand  and  three-fifths  to  the  left ;  the  rim  wheel  being  towards  his 
right  hand.  The  carriage  of  the  one  mule  is  in  the  act  of  going  out  and  spinning, 
while  that  of  the  other  is  finishing  its  twist,  and  being  put  up  b^  the  spinner. 

The  quantity  of  yam  manufactured  by  a  mule  in  a  given  tune,  depends  directly 
upon  the  number  of  the  spindles,  and  upon  the  time  taken  to  complete  every  stretch 
of  the  carriage.  Many  circumstances  have  an  indirect  infiuenoe  upon  that  quantity, 
and  particularly  the  degree  of  skill  possessed  by  the  spinner.  The  better  the  machine, 
the  steadier  and  softer  all  its  parts  revolve,  the  batter  and  more  abundant  is  its 
production.  When  the  toothed  wheels  do  not  work  truly  into  their  pinions,  when  the 
spindles  shake  in  their  bushes,  or  are  not  accurately  made,  many  threads  break,  and 
the  work  is  much  iigured  and  retarded.  The  bettor  the  staple  of  the  cotton  wool, 
and  the  more  carefU  has  been  its  preparation  in  the  carding,  drawing,  and  roving 
processes,  the  more  easy  and  excellent  the  spinning  will  become :  warmth,  dryness, 
cold,  and  moisture  have  great  infiuenoe  on  the  diu^i^,  so  to  speak,  of  cotton.  A 
temperature  of  65^  F.,  with  an  atmosphere  not  too  arid,  is  found  most  suitabjp  to  the 
operations  of  a  spinning-mill.  The  finer  the  yam,  the  slower  is  the  spnning.  For 
numbers  from  20  to  86,  from  2  to  3  stretches  of  warp  may  be  made  in  a  minute,  and 
nearly  3  stretches  of  weft ;  for  numbers  above  50  up  to  100,  about  2  stretches ;  and 
for  numbers  from  100  to  150  one  stretch  in  the  minute.  Still  finer  yams  are  spun 
more  slowly,  which  is  not  wonderful,  since  in  the  fine  spinning-mills  of  England,  the 
mules  usually  contain  upwards  of  500  spindles  each,  in  order  that  one  operative  may 
manage  a  great  number  of  them,  and  thereby  earn  such  high  wages  as  shall  fully 
remunerate  his  assiduity  and  skill. 

In  spinning  fine  numbers,  the  second  speed  is  g^ven  before  the  carriage  is  run  out 
to  the  end  of  its  railway ;  during  which  course  of  about  6  inches,  it  is  made  to  move 
voiy  slowly.  This  is  called  the  second  stretch,  and  is  of  use  in  making  the  yam 
level  by  orawing  down  the  thicker  parts  of  it,  which  take  on  the  twist  less  readily 
than  the  thinner,  and  therefore  remain  soft  and  more  extensible.  The  stretch  may 
therefore  be  divided  into  three  stages.  The  carriage  first  moves  steadily  out  for 
about  4  feet,  while  the  dnwing  rollers  and  spindles  are  in  Aill  play ;  now  the  rollers 
stop,  but  the  spindles  go  on  whirling  wiUi  accelerated  speed,  and  the  carriage 
adrances  slowly,  about  6  inches  more ;  then  it  also  comes  to  rest,  while  the  spindles 
continue  to  revolve  for  a  little  longer,  to  give  the  final  degree  of  twist.  The  accele- 
ration of  the  spindles  in  the  second  and  Uiird  stages,  which  has  no  other  object  but 
to  save  time,  is  effected  by  the  mechanism  called  the  counter^  which  shifts  the  driving 
band,  at  the  proper  time,  upon  the  loose  pulley,  and,  moreover,  a  second  band,  which 
had,  till  now,  lam  upon  its  loose  pulley,  upon  a  small  driving  pulley  of  the  rim  shaft. 
At  length,  both  bands  are  shifted  upon  their  loose  pulleys,  and  the  mule  oomes  to  a 
state  of  quiescence. 

In  the  machine  as  thus  described  the  winding-in  motion  is  performed  by  means  of 
the  nec^saiy  mechanism,  by  manual  labour.  ^Hiis  method  is,  however,  now  used  only 
in  the  spinning  of  the  vnry  finest  yams,  and  the  winding-on  is  performed  by  an 
automatic  arrangement  whidi  gave  to  the  machines  to  which  it  was  first  applied  the 
name  of  9^-acUng  mules,  Mtdes  of  this  kind  were  first  constracted,  we  believe,  by 
Messrs.  Eaton,  formerly  of  Manchester,  who  mounted  ten  or  twelve  of  them  in  that 
town,  four  at  Wiln,  injberbvshire,  and  a  few  in  France.  From  their  great  complexity 
and  small  producdvenees,  the  whole  were  soon  relinquished,  except  those  at  Wiln. 
M.  de  Jong  obtained  two  patents  for  self-acting  mules,  and  put  twelve  of  them  in 
operation  in  a  mill  at  Warrington,  of  which  he  was  part  proprietor ;  but  with  an  un- 
successful result 

The  first  approximation  to  a  successful  accomplishment  of  the  objects  in  view,  was 
an  invention  of  a  self-acting  mule,  by  Mr.  Roberts,  of  Manchester :  one  of  the  principal 
points  of  which  was  the  mode  of  governing  the  windin^-on  of  the  yarn  into  tne  form 
of  a  cop ;  the  entire  novelty  and  great  ingenuity  of  which  invention  were  universally 
admitted,  and  proved  the  main  step  to  the  final  accomplishment  of  what  had  so  long 
been  a  desideratum.  For  this  invention  a  patent  was  obtained  in  1825.  In  1830, 
Mr.  Roberts  obtained  a  patent  for  other  improvements ;  and  by  a  combiaation  of  both 
his  inventions,  he  produced  a  self-acting  mule,  which  is  generally  admitted  to  have 
Vol.  I.  3  8 
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excocded  the  most  sanguine  expectations,  and  which  has  been  eztensively  ad<qpted. 
The  advantages  gained  bj  Mr.  Boberts's  improvements  are  the  saving  of  a  spinner's 
wages  to  each  pair  of  mules,  piecers  only  being  required,  as  one  overlooker  is  suf- 
ficient to  manage  six  or  eight  pairs  of  mules ;  and  the  production  of  a  greater  quantity  of 
yam,  in  the  ratio  from  15  to  ^  per  cent.  The  yam  possesses  a  more  uniform  degree 
of  twist,  and  is  not  liable  to  be  strained  during  the  spinning,  or  in  winding-on,  to 
form  the  cop ;  consequenUy  fewer  threads  are  broken  in  these  processes,  and  the  yam, 
from  having  fewer  piedngs,  is  more  regular. 

The  oops  are  made  firmer,  of  better  shape,  and  with  undeviating  uniformity ;  and, 
from  being  more  regularly  and  firmly  wound,  contain  from  one-thi^  to  one-hajf  more 
vam  than  cops  of  equal  bulk  wound  by  haad ;  they  are  consequenUy  less  liable  to 
ii\jury  in  packing  or  in  carnage,  and  the  expense  of  packages  and  freight  (when 
chained  by  measurement)  is  considerably  reduced.  From  the  cops  being  more  re^- 
larly  and  firmly  wound,  combined  with  their  superior  formation,  the  yam  intended 
for  warps  less  frequent!^  breaks  in  winding  or  reeling,  consequenUy  there  is  a  consi- 
derable saving  of  waste  in  Uiose  processes. 

Several  improvements  have  been  made  inUieconstraction  of  self-acting  mules  since 
the  date  of  Soberts's  patent,  but  none  of  them  have  marked  so  decided  a  step  forward. 
The  more  prominent  of  these  may  be  briefiy  noticed. 

In  1884  Mr.  James  Smith  obtained  a  patent  for  a  method  of  dispensing  with  the 
'  backing-off  motion '  of  Boberts.  Instead  of  reversing  the  movement  of  the  spindles, 
in  order  to  dear  the  spindle  point  and  arrange  the  thread  conveniently  for  the 
winding-on  process,  he  elevated  the  counter-fiiUer  and  thus,  whilst  the  spindle  was 
stationaz^  *  stripped  off*  the  spiral  coil  of  thread  from  the  spindle  in  an  upward 
direction.  This  method  is  still  in  use ;  but  as  it  subjects  Uie  thread  to  considerable 
strain,  it  is  generally  used  only  for  the  coarser  and  stouter  yams.  More  recenUy 
patents  have  been  taken  out  for  improvements  in  mules,  by  Mr.  Potter,  of  Manchester. 
Messrs.  Higg^s  and  Whitworth  of  Salford,  Mr.  Montgomery  of  Johnstone,  Messrs. 
Craig  and  Sharp  of  Glasgow,  and  many  others. 

Mr.  Roberts's  self-acting  mule,  which  was  practically  the  first  introduced,  and  with 
several  modifications  in  its  constraction,  is  still  thi  mule  which  is  most  extensrrely 
used  and  approved  in  the  cotton  tiado.  Some  of  the  more  prominent  of  these  modi- 
fications have  been  effected  by  Messrs.  Parr,  Curtis,  and  Madeley  of  Manchester.  Of 
these  the  f'Jowing  summaiy  gives  the  principal  features,  viz.  Uio  substitution  of  a 
catch-box  with  an  excentric  box,  in  lieu  of  a  cam  shaft,  to  produce  the  required 
changes ;  an  improved  arrangement  of  the  faller  motion,  which  causes  the  fallers  to 
act  more  easily  upon  the  yam,  and  not  producing  a  recoil  in  them  when  the  *  backing- 
off'  takes  place,  iJius  preventing '  snarls '  and  injury  to  the  yarn ;  in  applying  a  BfinX 
spring  for  the  purpose  of  bringing  the  backing-off  cones  into  contact,  by  which  the 
operation  of '  backmg-off '  can  be  performed  with  the  greatest  precision.  The  backing- 
off  movement  is  also  made  to  stop  itself,  and  to  cause  the  change  to  be  made  wbidi 
affects  the  putting-up  of  the  carriage,  which  it  does  in  less  time  than  if  an  independent 
motion  was  employed.  They  have  also  an  arrangement  for  driving  the  bock,  or 
drawing-out,  shaft  by  gearing  in  such  a  manner  that  in  the'  event  of  an  obstxnction 
coming  in  the  way  of  the  carnage  going  out,  the  motion  ceases  and  prevents  the  mule 
being  injured. 

By  means  of  a  friction  motion,  the  ol^ject  of  which  is  to  take  the  carriage  in  to  the 
rollers,  the  carriage  will  at  once  stop  in  the  event  of  any  obstruction  presenting  itself. 
For  the  want  of  an  arrangement  of  this  nature,  lives  have  been  lost  and  limbs  iiguied, 
when  careless  boys  have  been  cleaning  the  carria^ce  whilst  in  motion,  and  have  beeo 
caught  between  it  and  the  roller  beam,  and  thus  killed  or  injured. 

Mother  improvement  consists  in  connecting  the  drawing-out  shaft  and  the 
quadrant  pinion  shaft  by  gearing,  instead  of  by  hands,  thereby  producing  a  moire 
perfect  winding-on,  as  the  quadrant  is  moved  the  same  distance  at  each  stretch  of  the 
carriage.  They  have  also  made  a  different  arrangement  of  the  headstock — or  self- 
acting  portion  of  the  mule — causing  its  height  to  be  much  reduced,  which  makes  it 
more  steady,  offers  less  obstraction  to  the  hght,  enables  the  spinner  to  see  aU  Uio 
spindles  from  any  part  of  the  mule,  and  aUows  a  larger  driving  strap,  ot  belt,  to  be 
used,  which  in  low  rooms  is  of  considerable  importance.  The  result  of  these  variovui 
improvements  is  the  production  of  one  of  the  most  perfect  spinning  machines  nofw  in 
the  trade. 

For  spinding  very  coarse  numbers,  say  6's,  they  have  patented  an  arrangemeiit, 
by  which  the  rotation  of  the  spindles  can  be  stoi^)ed,  and  the  operation  of  backing- 
off  performed,  during  (he  going-out  of  the  carriage,  thus  effecting  a  considerable  saving 
of  time. 

The  following  is  a  description  of  one  of  these  mules : — 

Fig.  681  is  a  plan  view ;  .fig,  582  a  tranvorse  section ;  and  Jig,  583  an  end  tiew,  of  so 
much  of  a  mule  as  is  requisite  for  its  illustr;ition  horo. 
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As  there  are  many  parts  which  are  common  to  all  mnloB,  most  of  which  have  been 
previously  described  in  the  notice  of  the  hand  mnle,  we  shall  therefore  only  notice 
the  more  prominent  portions  of  the  self-acting  part  of  the  mnle.  Among  snch  parts 
are,  the  framing  of  the  headstock  A ;  the  carriage  b  ;  the  rovings  c ;  the  supports  d. 
of  the  roller  beam  e  ;  tlio  fluted  rollers  a ;  the  top  rollers  a> ;  the  spindles  b  ;  the 
carriage  wheels  6* ;  the  slips,  or  rails,  6*,  on  which  they  move ;  the  fiiller  wire  6* ; 
the  counter-faller  wire  6*.  The  following  are  the  parts  chiefly  connected  with  the 
self-acting  portion  of  the  mnle : — The  fast  pulley  f,  tne  loose  pulley  f\  the  bevels  f* 
and  F*.  which  give  motion  to  the  fluted  rollers ;  the  back,  or  drawim^-ont  shaft  o ; 
wheels  o*  and  o*,  by  which,  through  the  shaft  o*  and  wheels  a*  and  a*,  motion  is 
communicated  to  the  pinion  a*  on  the  shaft  o",  and  thence  to  the  quadrant  o^  The 
scroll  shaft  h,  the  scrolls  h'  and  h',  the  catch-box  h*,  for  giving  motion  through  tiie 
bevel  wheels  h*  and  h^  to  the  scroll  shaft  Drawing-in  cord  h*.  Screw  in  radial 
arm  i,  nut  on  same  i*,  winding-on  chain  i',  winding-on  band  i*,  drawing-out  cord  i^ 
Pinion  i*  on  front  roller  shaft,  to  give  motion  through  the  wheels  i*,  i',  and  i*, 
to  drawing-out  shaft  o.  Pinion  J,  and  wheels  J*,  j',  and  J*  for  giving  motion  to 
shaft  J^ ;  pinion  j*,  giving  motion  to  backing-off  wheel  j*.  On  the  change  shaft  k  is 
keyed  a  pinion  wluch  gears  with  the  wheel  a*,  and  receives  motion  therefrom. 

688 


One  half  of  the  catch-box  k*  is  fast  to  one  end  of  a  long  hollow  shaft  on  which 
lire  two  cams,  one  of  which  is  used  to  put  the  front  drawing  roller  catch-box  m  into 
nnd  out  of  contact,  the  other  is  nsed  for  the  purpose  of  traversing  the  driving  strap 
on  or  o£f  the  fast-pulley  f  as  required.  The  other  half  of  the  catch-box  v}  is  placed 
on  the  shaft  k,  a  key  fast  on  which  passes  through  the  boss  of  the  catch-bco,  and 
causes  it  to  be  carried  round  by  the  shaft  as  it  rotates.  Though  carried  round  with 
the  shaft,  it  is  at  liberty  to  move  lengthwise,  so  as  to  allow  it  to  be  put  into  and 
out  of  contact  ^vith  the  other  half  when  required.  The  spiral  spring  k'  is  also 
placed  on  the  shaft  x,  and  continually  bears  against  the  end  of  the  catch-box  next 
to  it,  and  endeavours  to  put  it  in  contact  with  the  other,  which  it  does  when  per- 
mitted and  the  changes  are  required.  The  change  lever  k*  moves  on  a  stod  which 
passes  through  its  boss  a' :  near  which  end  of  tMs  lever  are  the  adjustable  pieces  a. 
When  the  machine  is  put  in  motion,  supposing  the  carriage  to  be  coming  out,  the 
driving  strap  is  for  the  most  part  on  the  fast  pulley  f  when  motion  is  given  through 
tho  bevel  wheels  f^  and  f*  to  the  drawing  rollers  a« which  will  then  draw  the  rovings 
c  o£f  the  bobbins,  and  deliver  the  slivers  so  drawn  at  the  front  of  the  rollers,  aul 
the  same  being  fast  to  the  spindles ;  as  the  carriage  is  drawn  out  the  slivers  are  taken 
out  also,  and  as  the  spindles  at  this  time  are  turned  round  at  a  quick  rate  (say 
6,000  revolutions  per  minute),  they  give  twist  to  the  slivers,  and  convert  them 
into  yarn  or  twisted  threads.  Motion  is  communicated  to  the  spindles  from  the  rim 
pulley  F*,  throiigh  the  rim  band  f*,  which  passes  from  the  rim  pulley  to  a  grooved 
pulley  on  the  tin  roller  shaft,  round  which  it  passes  and  thence  round  the  grooved 
pulley  F*  back  to  the  rim  pulley,  thus  forming  an  endless  band.  It  will  be  seen  that 
tho  rim  band  pulley  and  the  other  pulleys,  over  or  round  which  the  rim  band  passes, 
are  formed  with  double  grooves,  and  the  band  being  passed  round  each,  it  fonns  a 
double  band,  which  is  found  of  great  advantage,  as  it  will  work  with  a  slacker  band 
than  if  only  one  ^^roovo  was  used ;  there  is,  consequently,  less  strain  on  the  band«  and  it 
is  longer.    A  string  or  cord  passes  round  the  tin  roller  to  a  wharvo  on.  each  ^indlo, 
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roond  which  it  passes,  and  thence  back  to  the  tin  roller,  and  thoS,  when  the  tin  holler 
teceiyes  motion  from  the  rim  band,  it  gives  motion  to  the  spindles.  The  carriage  is 
caused  to  move  outwards  by  means  of  the  cord  l,  one  end  of  which  is  attached  to 
a  ratchet  pulley  fixed  on  the  carriage  cross,  or  square  l*,  and  is  then  passed  over  the 
spiral  grooved  pulley  i?  fast  on  the  drawing  out  shaft  g,  and  passes  thence  under 
the  guide  pulley  l*  round  the  pulley  i.*  to  another  ratchet  pulley,  also  on  Uie  carriage 
square  where  the  other  end  is  then  fastened. .  The  cord  receives  motion  from  the 
pulley  L*,  round  which  it  passes  and  communicates  the  motion  it  receives  to  the  car- 
riage, the  carriage-wheels  6'  moving  freely  on  the  slips  b\ 

When  the  carriage  has  completed  its  outward  run,  the  bowl  a*  on  the  counter 
faller  shaft  comes  against  the  piece  a*,  depresses  it  and  the  end  of  tlie  lever  k*  to 
which  it  is  attached,  and  raises  the  other  end,  and  with  it  the  sUde  0,  on  which  are 
two  inclines.  A  round  pin  (not  seen)  passes  through  the  boss  of  Uie  catch-box  next  to  the 
slide,  and  bears  against  the  sliding  half  of  the  catch-box,  and  holds  it  out  of  contact. 

When  the  slide  0  ib  raised,  the  part  of  the  incline  which  bore  against  the  pin  and 
kept  the  catch-box  from  being  in  contact  is  withdrawn,  on  which  the  spring  puts 
them  in  contact,  and  motion  is  given  to  the  hollow  shafts  and  ihe  cams  thereon ;  one 
of  which  causes  the  catch-box  x  to  be  taken  out  of  contact  when  motion  ceases  to 
be  given  to  the  drawing  rollers  and  to  the  going-out  of  tho  carriage ;  and  the  other 
causes  the  driving  strap  to  be  traversed  o£f  from  the  fast  pulley  on  to  the  loose  one, 
when  motion  ceases  to  be  given  to  the  rim  pnll^  and  thence  to  the  spindles.  The 
inclines  on  the  slide  are  so  formed  that»  by  uie  time  the  shaft  has  made  half  a  revo- 
lution, they  act  on  the  pin  and  cause  it  to  put  the  catch-box  out  of  contact  The 
next  operation  is  the  backing-off  or  uncoiling  the  threads  coiled  on  the  spindle  above 
the  cop,  which  is  effected  by  causing  the  baddng-off  cones  attached  to  the  wheel  j*  to 
be  |>ut  into  contact  with  one  formed  in  the  interior  of  the  fast  pulley  f,  when  a  reverse 
nK>tion  will  be  given  to  the  rim  pulley  and  thence  to  the  tin  roller  and  the  spindles. 

The  backing-off  cones  are  put  into  contact  by  means  of  a  spiral  spring,  which,  when 
the  strap  fork  is  moved  to  traverse  the  strap  on  to  the  loose  pulley,  it  is  allowed  to 
do.  Simultaneously  with  the  backing-off  the  putting-down  of  the  faller  wire  takes 
place,  which  is  effected  through  the  reverse  motion  of  the  tin  roller  shaft,  which 
causes  the  catch  ^  to  take  into  a  tooth  of  the  ratchet  wheel  0*,  when  they  will  move 
together,  and  with  them  the  plate  c*,  to  a  stud  in  which  one  end  of  the  chain  c*  is 
fastened,  the  other  end  of  which  is  attached  to  the  outer  end  of  the  finger  c^,  fast  on 
the  faller  shaft.  When  this  chain  is  drawn  forward  by  the  plate,  it  draws  down  the 
end  of  the  figure  c*  to  which  it  is  attached,  and  thereby  partially  turns  tho  faller  shf^ 
and  depresses  the  fitUer  wire  ^,  and«  at  the  same  time,  raises  the  lever  c*,  the  lower 
part  ox  which  bears  against  a  bowl  attached  to  a  lever  which  rests  on  the  builder  rail 
c*.  As  soon  as  the  lever  c*  is  raised  sufiSdently  high  to  allow  the  lower  end  to  ]pass 
over,  instead  of  bearing  against  the  bowl,  it  is  dnwn  forward  by  a  spiral  spnng, 
whidi  causes  the  baddng-off  cones  to  be  taken  out  of  contact,  when  the  backing-off 
ceases,  and  the  operations  of  running  the  carriage  in  and  winding  tho  yam  on  to  the 
spindles  must  take  place.  When  the  cones  aro  taken  out  of  contact  the  lower  end  of 
the  lever  v  is  withdrawn  from  being  over  the  top  of  the  lever  k*,  leaving  that  lever 
at  liberty  to  turn,  and  the  catch-box  h*  thereupon  drops  into  gear,  and  motion  is  com- 
municated to  the  scrolls  h'  and  h',  and  to  the  cords  h*  and  h'.  The  cord  h*  is  at  one 
end  attadied  to  the  scroll  hS  and  passes  thence,  round  the  pulley  h",  to  the  ratchet 
pulley  H*  fixed  to  the  back  of  the  carriage  square.  The  cord  h'  is  at  one  end  attached 
to  the  scroll  h*  and  passes  thence  round  the  pulley  h**  to  the  ratchet  pulley  h"  fixed 
to  the  front  of  the  carriage  square.  It  will  thus  be  seen  that  the  carnage  is  held  in 
one  direction  by  one  band,  and  in  another  by  the  other  band,  and  that  it  can  only  be 
moved  in  either  direction  by  the  one  scroll  giving  off  as  much  cord  as  the  other  winds 
on.  When  the  catch-box  h*  drops  in  gear,  the  scroll  h|  winds  the  cord  h^  on  and 
draws  the  carriage  in.  It  will  thus  be  seen  that  the  carriage  is  drawn  out  by  means 
of  the  back  or  drawing-out  shaft  o»  and  is  drawn  in  by  the  scroll  h^  The  winding- 
on  of  the  thread  in  the  form  of  a  cop  is  efibcted  by  means  of  Mr.  Boberts's  ingenious 
application  of  the  quadrant  or  nuHal  arm  o',  screw  i  and  winding-on  chain  i*  and  i'. 
The  chain  i'  is  at  one  end  attached  to  the  nut  i'  and  at  the  other  to  the  band  1'. 
During  tlie  coming  out  of  the  carriage  the  drawing-out  shaft  through  the  means  of  the 
wheels  o',  o*,  o*,  and  o*,  shafts  o*  and  o",  and  pinion  o*,  moves  the  quadrant  which, 
by  the  time  t^e  carriage  is  quite  out,  will  have  been  moved  outwards  a  little  past  the 
perpendicular.  The  chain  is  moved  on  to  the  barrel  by  means  of  the  cord  o,  which 
being  fixed  and  lapped  round  the  barrel  as  the  carriage  moves  outward  causes  it  to 
turn.  On  the  barrel  is  a  spur  wheel  which  gears  into  a  spur  mnion  on  the  tin  roller 
shaft  (these  wheels  being  under  the  frame  side  are  not  seen  in  the  drawing).  The 
spur  pinion  is  loose  on  the  tin  roller  shaft,  and  as  the  carriage  comes  out  it  turns 
loosely  thereon,  but  as  ih9  carriag;e  fsow  in  tho  chaip  i'  turns  t/bp  barrel  ^und,  ]^n4 
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with  it  the  flpnr  pnion.  A  catch  on  &  stud  fixod  in  the  sido  of  tho  pinion,  at  that 
time  taking  into  a  tooth  of  the  latchet  wheel  t  fast  on  the  tin  roller  shaft,  the  motion 
of  the  spar  pinion  is  communicated  to  the  tin  roller  shaft,  and  thence  to  the  spindles, 
causing  the  thread  or  yam  spnn  during  the  coming-out  of  the  carriage  to  be  wound 
on  the  spindles,  in  the  form  of  the  cop,  while  the  carriage  goes  in.  At  the  com- 
mencement of  the  formation  of  a  set  of  cops,  when  the  yam  is  being  wound  on  the 
bare  spindles,  the  spindles  require  to  have  a  greater  number  of  turns  giTen  to  them 
than  they  do  when  the  cop  bottom  is  formed ;  to  produce  this  variation  the  following 
means  are  employed.  At  the  commencement  of  each  set»  the  screw  in  the  radial  arm 
is  turned  so  as  to  turn  the  nut  i*  to  the  bottom  of  the  screw,  where  it  is  near  to  the 
shaft  on  which  the  quadrant  moves ;  consequently,  little  or  no  motion  is  given  to  the 
chain,  and  the  carriage,  as  it  goes  in,  causes  the  chain  to  be  drawn  off  the  band.  As 
the  formation  of  the  cop  bottom  proceeds,  the  screw  is  turned  and  the  nut  is  raised ; 
by  which  means  a  less  ouanti^  of  chain  is  drawn  off  thio  barrel ;  the  chain,  at  the 
point  of  attachment,  gradually  following  the  carriage  as  it  goes  in. 

During  the  going-in  of  the  carriage  the  quadrant  is  drawn  down  or  made  to  follow 
the  carnage  bv  the  chain  pulling  it,  the  speed  at  which  it  is  allowed  to  descend  is 
regulated  by  the  motion  <tf  the  carriage ;  the  quadrant,  during  the  going-in  of  the 
carriage,  through  the  pinion  o*,  shafts  g*  and  o*,  and  wheels,  q\  o*,  o*,  and  g*  driving 
the  dniwing-out  shaft. 

When  the  carriase  has  completed  its  inward  mn,  the  bowl  a*  comes  in  contact  with 
the  piece  ▲*,  and  depresses  it  and  the  end  of  the  le?er  k*  to  which  it  is  attached, 
and  also  the  idide  c,  which  then  allows  the  catch-box  k'  to  be  put  in  contact,  and 
causes  the  cam  shaft  to  make  another  half  revolution.  Ihiring  this  half  revolution  of 
the  cam  shaft,  the  cams  cause  the  catch-box  m  to  be  put  in  contact,  and  the  driving 
strap  to  be  traversed  on  to  the  £&st  pulley,  and,  by  the  latter  movement,  the  catdi-box 
H*  is  taken  out  of  gear  and  the  windiog-in  motion  of  the  scroUs  ceases,  and  the 
carriage  will  again  commence  its  outward  run,  and  with  it  the  spinning  of  the  thread. 

Other  improvements  have  been  efifected  by  Messrs.  Dolsen  and  Sarlow,  and  by 
Messrs.  P.  and  J.  Mc  Gregor,  of  Manchester.  The  latter  firm  have  combined  some 
of  the  advantages  of  Boberts's  and  Smith's  mule.  The  chief  alterations  made  by 
Messrs.  Mo  Ghregor  are :  first,  the  regulation  of  the  amount  of  'twist'  given  to  the 
yam  from  the  tin  roller  or  drum  shaft  of  the  carriage ;  and  second,  the  completion  of  the 
automatic  action  of  Boberts's  mule,  which  left  to  the  spinner  the  duly  of  occasionally 
regulating  the  copping  apparatus  so  that  as  the  cop  was  gradually  built  upward  upon 
the  spindle,  its  speed  imgbt  be  slightly  increased  to  meet  the  lessening  diameter  due  to 
its  slightly  spir^  fbnn.  Neglect  of  this  duty  on  the  part  of  the  spinner  was  followed 
by  a  defect  in  the  buildin|f  of  the  upper  part  of  the  cop,  which  was  rendered  soft 
l^e  necessity  of  this  attention  has  been  abdished  by  the  improvement  in  question. 

The  mule  is  used  for  the  poduction  of  both  *  twist '  or  warp,  and  weft.  The  twist 
cop  is  usually  of  a  larger  sue  than  the  weft  cop.  The  latter  undergoes  no  fbrther 
operation  imtil  it  is  placed  in  the  shuttle  of  the  loom,  except  when  intended  for 
bleaching  or  dyeing,  or  for  export  to  distant  markets.  In  the  latter  case  it  is  wound 
into  skeins,  and  it  may  then  with  advantage  be  spun  in  cops  of  larger  size.  But  when 
taken  directly  to  the  loom,  its  bulk  is  necessarily  limited  by  the  &d^  that  the  *  shuttle 
space  *  in  weaving  is  very  narrow,  and  the  weight  of  the  shVittle  with  its  contained 
cop  cannot  with  profit  be  indefinitely  increased,  because  of  the  force  absorbed  in  its 
transmission  across  the  web. 

Of  ^e  diverse  purposes  to  which  yam  is  applied  after  the  spinning  process  is  com- 
pleted, some  account  will  be  found  under  the  head  of  Oo;rTON  Factobt. 


COTTOW  TBABB.  It  is  impossible  to  call  to  mind  the  fact,  that  nearly  the 
whole  of  the  human  race  is  clothed  entirely,  or  in  part,  with  cotton  fabric,  without 
realising  in  some  measure  the  important  place  amount  the  activities  of  mankind  which 
is  filled  by  the  growth,  manufacture,  and  distribution  of  this  material  This  is  the 
ground  wmch  is  covered  by  the  term  *  Cotton  Trade,'  when  used  in  its  widest  sense. 
And  it  is  obvious  that  the  chain  of  operations  included  in  the  term  is  much  enlarged 
by  the  manifold  diversity  of  the  fabrics  produced,  as  well  as  by  the  great  distances 
which  Ue  between  the  countries  where  the  raw  material  is  grown,  the  region  of  its 
manufacture,  and  the  world-wide  fields  of  consumption  to  which  it  is  at  last  dis- 
tributed^  Cotton  is  exclusively  a  tropical  or  semi-tropiod  product  Its  conversion 
into  clothing  by  means  of  machinery  is  an  industry  belonging,  as  yet  almost  ex- 
clusively to  temperate  zones.  In  seelang  to  present  a  general  view  of  the  nature  and 
extent  of  the  Cotton  Trade  it  will  be  necessary  therefore  to  indicate  the  relative  im- 
portance of  the  sources  fi?om  which  the  raw  material  is  mipplied,  as  well  as  of  the 
countries  where  it  is  manufEictured,  and  the  proportions  in  wnich  it  is  distributed  to 
the  regions  of  consumption.  A  considerable  quantity  of  cotton  is  still  span  by  purely 
handicraft  methods,  especially  in  Chiqa  and  in  Indian    Bi;t  of  t^i^  yre^o  no^  be^  tak^ 
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any  aoeount  The  manufacture  of  cotton  in  India  by  means  of  madunery  has  also  of 
late  years  reached  important  dimensions.  With  this  exception,  there  is  no  part  of  the 
'woAa  where  cotton  is  conyerted  into  clothing  by  mechani<»l  means,  on  any  scale  worth 
notice,  except  in  Europe  and  in  the  United  States.  Under  the  head  of  Oottok  Factoky 
we  hare  indicated  the  relative  importance  of  the  Tarious  mann&ctozing  countries  as 
shown  in  the  estimated  number  of  spinning  spindles  possessed  by  eadi.  Now,  the 
supply  of  raw  material  consumed  in  the  manufacture  is  drawn  from  many  fields ;  and 
the  order  in  which  these  stand  may  be  readily  inferred  firom  the  following  table,  which 
shows  the  average  annual  quantities  contributed  by  Mch  source  of  supply  for  the  use 
of  the  fectories  of  Europe  and  the  United  States,  during  the  three  years  1871-73.  The 
statistics  referring  to  tne  production  of  Central  Asia,  wluch  is  entirely  consumed  in 
Bussia,  refer  to  the  year  1867,  none  of  a  later  date  b^ng  accessible. 

QuantUtesandSovroeaof  St^yof  the  (hit{mcon8tmedinEurope(^ 

Averogeof  the 
tbz«e  years  1871-73. 

United  States 1,632,500,000  lbs. 

East  India 503,600,000  „ 

Egypt,  Asia  Minor  and  Greece         •        •        •        •        .  281,200,000  „ 

Brazil 119,400,000  „ 

West  Indies  and  Peru 47,700,000  „ 

Central  Asia 48,200,000  „ 

Total 2,677,600,000  „ 

This  enormous  aggregate  which,  reckoning  800  working  days  in  the  year,  is  equal 
to  8,592,000  lbs.,  or  upwards  of  3,835  tons  per  day,  was  distributed  to  the  manufac- 
turing countries  in  the  following  proportions: — 

Great  Britain  and  Ireland 1,216,000,000  lbs 

The  United  States 508,100,000   „ 

Bussia  and  Sweden 221,100,000  „ 

France *.  193,100,000  „ 

Germany 166,500,000  „ 

Holland "...  86,000,000   „ 

Spain 60,000,000  „ 

Austria 57,100,000  „ 

Belgium 42,200,000  „ 

Italy 27,500,000  „ 

Total 2,577,600,000   „ 

It  thus  appears  that  of  all  the  raw  cotton  consumed  in  the  manu&cturing  countries 
of  Europe  and  America  very  nearly  one  half  is  used  in  the  United  Kingdom. 

With  regard  to  the  distribution  of  the  manufactured  product,  it  is  to  be  observed 
that  most  of  the  countries  named  in  the  preceding  table  retain  for  home  consumption 
nearly  all  that  they  produce,  and  are  also,  in  varying  degrees,  dependent  for  their 
supply  of  clothing  upon  the  manufactures  of  other  countries.  The  only  ones  which, 
besides  supplying  the  wants  of  their  own  home  market,  have  any  considerable  surplus 
for  exportation,  are  Great  Britain,  France,  Switzerland,  Holland  and  G^ermany.  Prior 
to  1862  the  United  States  also  exported  a  large  proportion  of  their  cotton  manufac- 
tures. But,  owing  mainly  to  the  high  degree  of  protection  with  which  the  legislature 
surrounded  American  manufactures  during  and  since  the  civil  war,  the  exports  of 
cotton  goods  fh>m  the  United  States  have  greatly  declined.  The  well-known  effects 
of  a  protective  system  in  increasing  the  cost  of  production  have  not  prevented  a  very 
rapia  growth  of  the  home  consumption  of  native  manufactures  in  the  United  States, 
thanks  to  their  growing  wealth,  to  their  increasing  population,  and  to  the  large  ex- 
clusion of  foreign  productions  by  heavy  import  duties.  But  this  increase  in  the  cost 
of  production  has  ^ectually  weakened  the  power  of  American  manu&icturers  to  com- 
pete successfully  with  their  foreign  rivals  in  neutral  markets  abroad.  The  exports  of 
cotton  goods  from  France,  Switzerland,  and  Grermanygo  principally  to  South  America 
and  Africa,  those  of  Holland  to  the  Butch  East  Indies  and  China.  But  by  far  the 
largest  proportion  of  the  population  of  the  non-manu&cturing  countries  derive  their 
supplies  of  machine-made  cotton  goods  fix>m  the  United  Kingdom.  Of  the  proportions 
in  which  the  exports  of  British  manufactures  are  distributed  to  the  several  consuming 
countries,  a  very  dear  idea  may  be  formed  from  a  perusal  of  the  statistics  g^ven  at 
the  close  of  this  article. 

Of  the  tables  given  in  the  following  pages  not  the  least  interesting  is  that  which 
furnishes  an  account  of  the  quantities  of  yams  and  piece  goods,  and  the  aggregate 
value  of  these  and  other  cotton  products  exported  to  the  various  countries  of  the  world 
^n  1872.    From  s^tistics  for  I87I,  compiled  by  Messrs  Ellison  and  Co.,  of  Liverpool, 
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yre  find  the  oonBmnption  of  British  cotton  manufiMturefl  in  Bnana  increased  ttcfm  yU 
per  head  in  1861  to  Hd,  in  1861,  &nd  Ifd.  in  1871.  In  Sweden  and  Norway  the  con- 
sumption increased  from  ifd.  in  1851  to  over  13|cf.  in  1871.  Germanj  advanced  from 
2s.  9id.  to  5«.  2^.  ^r  he»l.  Belgimn  stood  at  rather  less  than  ll{d.  per  head  in  1851, 
and  about  the  same  in  1861,  but  in  1871  the  figures  rose  to  2s,  5ja.,  owing  in  a  great 
measure  to  the  diversion  of  trade  occasioned  by  the  war.  In  1851  France  did  not  use 
more  English  cotton  manu&ctures  than  was  equal  to  about  Id,  per  head  of  her  entire 
populatiou ;  in  1861  the  figures  rose  to  4|(2.,  but  in  1871,  thanks  to  the  Commerci^ 
Treaty,  the  consumption  r^ched  Is.  2d.  per  head.  Spain,  including  Qibraltar,  con- 
sumed 7id.  per  capita  in  1851,  9^d.  in  1861,  and  IZ^.  m  1871.  Portogal  took  3«.  l^d. 
per  head  in  1851,  4«.  9^.  in  1861,  but  only  4s.  2^  in  1871.  In  Italy  the  consump- 
tion increased  from  about  Is.  Sd.  per  head  in  1851  to  2s.  Zd.  in  1861,  but  fell  to  1«.  lOd. 
in  1871.  Turkey  in  Europe  took  28. 2^.  per  head  in  1851,  and  As.  Z^d.  in  1871 ;  Turkey 
in  Asia  figures  for  about  6d.  in  1851,  but  2Q^d.  in  1871*  owing  to  extended  commeroe 
with  the  interior.  The  trade  with  CMna  is  still  veiy  small  per  capita,  but  the  increase 
during  the  past  20  years  has  been  fi?om  Id.  per  head  to  nearly  id.  With  India  the 
increase  has  been  from  7 id.  to  16fd,  Japan  took  nothing  in  1851,  but  in  1871  her 
consumption  reached  more  than  7a.  per  head.  It  is  with  these  Eastern  countries  that 
the  greatest  expansion  of  trade  is  to  be  expected  in  the  future.  The  whole  of  Africa 
consumed  about  2}<2.  per  head  in  1851,  ana  7d.  in  1871.  Turning  to  America,  there 
is  an  apparent  decrease  in  tiie  consumption  of  Canada,  the  figures  being  5s.  Sid.  in 
1851,  but  only  4«.  10|if.  in  1871,  but  part  of  the  increased  ^ipments  to  the  United 
States  passed  through  Canada ;  and  it  is  this  transit  trade  that  partlv  accounts  for  the 
United  States'  figures  rising  from  Is.  S^.  per  head  in  1851,  to  2s.  S^d.  in  1871.  The 
West  Indies  do  not  show  much  increase ;  in  some  instances  there  is  a  decrease.  Mexico 
advanced  frt>m  7|^  per  head  in  1851  to  IB^d.  in  1871.  In  South  America  the  consump- 
tion of  Braril  only  rose  from  6s.  9d.  to  6s.  2^.  per  head,  but  Banguay,  &c,  increased 
from  Is.  5\d.  to  6«.  lOjd  Chili,  Peru,  &c.,  remained  almost  stationary.  Part  of  these 
discrepancies,  however,  are  owing  to  the  changes  which  have  occurred  in  the  course  of 
trade.  Taking  the  whple  of  South  America  the  figures  show  an  average  consumption 
of  is,  5^.  per  head  in  1851,  and  6s.  9d.  in  1871.  A  recapitulation  of  the  figures  fbr 
the  world  is  as  follows : — 

Consumption  of  Cotton  Products  per  Bead* 


Districts 


1881 


1861 


1871 


Asia 
Africa  . 
America  . 
The  World 


n 

2 
lli 

4 


9,  U« 

0  14f 

0  5} 

0  5| 

2  91 

0  9} 


«.  d. 

0  31 
0 
0      7 

0  iS 


0. 


Bespecting  the  business  results  of  the  year  1872,  Messrs.  Ellison  and  Co.  say  that 
'  from  every  point  of  view  regarding  the  interests  of  the  cotton  trade  the  past  year  has 
formed  quite  a  contrast  to  its  immraiate  predecessor.  1 871  was  a  year  of  unexampled 
prosperity  to  everyone  in  the  industry,  whether  as  importers,  exporters,  or  consumers ; 
but  1872  has  been  a  year  of  constant  anxiety,  disappointment,  and  general  unprofit- 
ableness.' The  table  given  on  the  last  page  of  Messrs.  Ellison  and  C^.'s  report  shows 
how  unprofitable  the  business  of  the  year  was  to  consumers : — *  The  balance  left  fior 
wages,  other  expenses,  interest  of  capital,  and  prcrilts  was  54,216,00(ML  or  12^  per  lb. 
on  the  cotton  consumed,  against  61,147,000/.  or  13}(2.,  in  1871.  This  loss  of  Ij^ 
per  lb.  (nearlv  7,000,000/.),  was  entirely  borne  by  the  millowners,  for  there  was  no 
reduction  in  the  rate  of  wages.  Moreover,  there  was  an  important  additional  item  of 
expense  in  the  shape  of  a  serious  advance  in  the  price  of  coal.  Altogether  the  year 
has  been  the  most  unsatisfiictory  one  since  1869,  during  which  some  scores  of  fiailures 
occurred  in  the  manufacturing  districts,  but  the  profits  realised  in  1871  saved  Lanca- 
shire frt>m  bankruptcy  during  the  past  12  months.' 

'  Importers  of  the  raw  material,'  say  Messrs.  Ellison  and  Co.,  '  have  also  had  a 
liarassing  time  of  it  They  made  some  money  in  the  early  part  <^  the  year,  but  they 
have  lost  since,  and  the  net  result  has  been  the  reverse  of  gratifying.  To  importcn 
of  East-Indian  cotton  the  year  has  been  one  of  unmixed  disappointment,  owing  to  the 
tenacity  with  which  consumers,  notwithstanding  the  high  range  of  prices,  have  dung 
to  American  and  long-stapled  cotton.  The  explanation  is.  firat,  that  the  demand  has 
1)een  chiefiy  for  the  better  grades  and  finer  numbers  of  yam ;  secondly,  that  the 
*'  hands"  have  persistently  ref^ised  to  work  Surats ;  and  thirdly,  that  the  quality  of 
tjjo  tlftst-Indjan  crop  was  exceptionally  poor, 
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*mie  total  direct  import  of  cotton  into  Europe  in  1872,  amounted  to  5,488,000 
bales,  of  which  3,880,000  bales  wer»  received  into  British  and  1,608,000  bales  into 
Continental  ports,  (^the  8,880,000  bales  received  into  Great  Britain  743,000  were 
re-exported  to  the  Continent,  making  the  total  snpplj  to  foreign  Europe  2,361,000 
bales,  and  leaving  3,137,000  bales  for  British  consumption.  The  stocks  at  the  close 
of  the  year  showed  an  increase  of  70,000  bales  as  compared  with  those  of  twelve 
months  previously,  so  that  the  deliveries  were  6,418,000  bales,  of  which  3,216,100 
bales  were  to  English,  and  2,208,000  to  Continental  spinners.  The  .average  weekly 
deliveries  were :  to  I^lish  spinners,  61,820  bales,  against  62,820  in  1871 ;  and  to 
Continental  spinners,  42,366,  against  46,270  bales.  We  believe,  however,  that  the 
stocks  at  the  mills  are  fully  60,000  bales  in  Great  Britain  and  100,000  on  the  Continent 
less  than  they  were  at  the  close  of  1871*  so  that  the  actual  consumption  has  been  at 
the  rate  of  62,800  bales  per  week  in  Great  Britain,  against  69,900  in  1871,  and 
44,6000,  against  43,660  bales.' 

Messrs.  Ellison  and  Co.  estimate  the  number  of  cotton  spindles  in  Europe  at  39,600,000 
in  Great  Britain,  and  18,680,000  on  the  Continent.  In  the  United  States  there  are 
about  8,360,000.  The  deliveries  of  each  description  of  cotton  in  each  of  the  past  two 
years  were  as  follow : — 


American  . 
Brazilian    . 
Egyptian,  &c.     . 
West  Indian 
East  Indian 

Total      . 

DoUverie8l,000's  of  Bales 

Average 

Totia 

1871 

1872 

3,004 
628 
436 
246 

1,267 

2,142 

1,048 

607 

233 

1,493 

2,678 
836 
471 
239 

1,376 

Ibt. 

•1,126,974,000 

133,600,000 

219,016,000 

60,190,000 

493,626,000 

6,660 

6,418 

6,498 

2,023,404,000 

For  a  Aill  consumption  a  supply  of  2,064,000,000  lbs.  is  requisite,  or  about  40,000,000 
lbs.  more  than  the  average  aeliveries  of  the  past  two  years.  Messrs.  Ellison  and  Co. 
estimated  the  supply  in  1873  as  compared  with  the  actual  imports  in  1872  and  1871 
ns  follows:  — 


American 
Brazilian 
Mediterranean 
West  Indian   . 
East  Indian    . 

Total        , 

isn 

1872 

Wdght  of  Import,  1878            TMal 

Bftles 

3,114,000 
680,000 
446,000 
240,000 

1,638,000 

Bales 

2,036,000 

1,006,000 

613,000 

237,000 

1,696,000 

Bales 

2,466,000 
760,000 
660,000 
240,000 

1,660,000 

Avenge 
430 
160 
480 
210 
860 

lbs. 

1,082,674,000 

121,600,000 

268,800,000 

60,400,000 

668,400,000 

6,017,000 

6,488,000 

6,676,000 

278 

2,081,774,000 

On  these  figures  Messrs.  Ellison  and  Ca  remark  that,  allowing  for  no  increase  in 
spindles  during  the  past  twelve  months,  the  above  supply  shows  an  excess  of  only 
17,774,000  lbs.,  or  47,600  bales  of  373  lbs.  over  the  requirements  of  consumers,  and, . 
bearing  in  mind  the  &ct  that  the  year  commences  with  a  stock  in  all  Europe  80,000 
bales  lees  than  at  the  close  of  1871  (that  is  160,000  bales  less  than  in  the  hands  of 
spinners,  but  70,000  more  in  the  ports),  there  does  not  appear  to  be  very  much  room 
for  an  expansion  of  spindle  power  during  the  ensuing  twelve  months.  Wiiii  a 
prospective  supply  very  little,  if  at  all,  greater  than  the  present  consuming  power  of 
Europe,  and  only  about  2|-  per  cent,  greater  than  the  actual  average  deliveries  of  the 
past  owt  years,  prcies  on  the  average,  for  the  year  round  will  not,  perhaps,  greatly 
vary  from  the  mean  of  1871-72,  say  9|tf.  for  Middling  Uplands,  and  7|^.  for  f&ir 
Dhollerah.  Any  important  average  advance  upon  these  rates  would  lead  to  economv 
and  reduced  consumption,  as  in  1872.  Any  material  decline  would  stimulate  demand, 
as  in  1871.  For  the  immediate  future  the  course  of  the  market  will  be  ruled  by  the 
amount  of  the  weekly  receipts  at  the  American  ports.  Continued  free  arrivals  would 
weaken  the  hands  of  holders ;  but  as  the  supply  from  the  East  will  be  much  smaller 
during  the  first  half  of  this  year  than  last,  owing  to  the  lateness  of  the  Bombay^  crop, 
prices  would  not  give  way  very  much.  On  the  other  hand,  a  material  reduction  in 
the  receipts  at  the  American  ports  pointing  to  smaller  figures  than  those  we  have 
adopted,  would  bring  the  smaller  crop  estimates  into  ^vour,  and  lead  to  Bome  specu- 
laUye  excitement,  and  a  sharp  advance  in  valnee. 
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The  preceding  remarks,  vhen  read  in  connection  with  the  Tables  of  Imports  and 
Exports  given,  cannot  but  be  of  high  value  in  any  considerations  of  the  state  of  our 
cotton  manufactures. 

Cotton  Ixfobtkd  m  1872. 

Cotton  Baw,  and  Waste  of: 


From 


Germany       ..... 

Holland 

Belgium 

France 

Portugal 

Spain  .        .        .        •        . 

Turkey 

Egypt  

United  States  of  America 
Spanish  West  India  Islands  . 
fiayti  and  St.  Domingo 
NewGianada        .... 

Peru 

Chili 

Braal    .        .        .        .        .        • 
British  India :  Bombay  and  Scinde 

,t  Kadras 

t,  Bengal  and  Buxmah 

Australia 

British  North  America  . 
British  West  India  Islands    • 
Other  Countries    •        •        .        . 


Total 


Quantitlos 


Cwts. 

M12 

4,885 

5,461 

60,492 

9,833 

8,631 

53,482 

1,586,661 

6,686,716 

9,023 

18,247 

67.634 

98,433 

23,779 

1,004,662 

2,630.736 

671,774 

782,087 

29,083 

3,168 

11,460 

78,439 


.     12,678,906 


Value 


£ 

31,104 

16,104 

22.086 

197,958 

40,876 

37,498 

222,929 

7,792,513 

25,947,466 

40,970 

76,786 

266,863 

467,249 

114,362 

4,729,913 

8.612,877 

2,099,310 

2,260,113 

143,793 

10,296 

53,814 

307,811 


58,880,670     | 


Cotton  Yam,  and  Waste  of: 


From  Germany 
HolUnd 
Belgium 
F^nince 
BritiBh  India 
Other  Countries 


Total 


Qnantitioi 


1,689,016 


Value 


lbs. 

£ 

28,480 

8,015 

367,727 

80,665 

436,890 

21,115 

647,066 

17,980 

96,089 

2,498 

23,774 

1,608 

76.826 


Cotton  Man^factur€$, 


Piece  Goods  of  India  and  China : 

From  Egypt  

„     British  India 

„     French  India         .        .        .        .        . 
„     Other  Countries 

Total 

Piece  Goods  of  other  Countries:  Muslins, 
From  Germany       ...... 

„     France  ; 

„     United  States  of  America 

„     Other  Countries 

Total 


Qnantitia 


pieoM 

6,700 
81.106 
12,696 

2,613 


103,013 


3,113 

3,767 

12,260 

4,131 


23,261 


Valoa 


£ 

4,400 

44,696 

5,740 

.',079 


57,815 


2,143 
4,982 
3,L28 
3.172 


18.425 


Digitized  by  VjOOQIC 


COTTON  TRADE 


1003 


Pisce  Goods  other  than  Muslins. 
From  Germany       .        .        •        .        . 

„     Holland 

„     Belgium 

o     France 

„     Other  Conntrics     .... 

Total 

Hosiery  of  aU  Sorts: 

From  Germany 

H     Other  Conntriee    .... 

Total 

UnemmeraUd : 
From  Germany       .        .        .        ,        , 

„     Holland 

,»     Belgium        ..... 

„     France 

„     Other  Countries     .        «        •        . 

Totol 


Pieces 


28,603 

138,580 

43,562 

19,947 

3,559 


229.251 
Qoastitlos 


Value 


18,082 

154,478 

48,172 

34,410 

2,691 


257,828 


115,559 
2,148 


117,707 


90,281 
848,587 
210,763 
860,767 

86,724 


1,042,122 


OOTTOX  EZPOBTS  IK  1872. 

Cotton  Yam  and  Tudst, 


To  Russia 

„  Sweden 

„  Norway 

„  Denmark 

„   Germany 

„   Holland     •    '    . 

„  Belgium 

„  France      ..... 
„  Spain  and  Canaries   . 

„  Italy 

„  Austrian  Territories 
„   Greece       ..... 
„  Turkey  Proper  .... 
„  WalUichia  and  Moldavia   . 

„  China        ..... 

„  Japan        

„  United  States :  Atlantic    . 
M  M  Pacific 

„  Malta 

„  British  India :  Bombay  and  Scindc 
»,  »,  Madras     .        . 

,1  „  Bengal  and  Burmah 

„  Strait  Settlements     . 

„  Hong  Kong       .        .        .        , 

„  Other  Countries 


Total 


Qnantitlfls 


2,581,780 

1,198,209 

788,100 

2,685,616 

46,607,411 

45,002,777 

2,158,420 

5,536,716 

491,855 

17,846,940 
2,867,882 
1,928,880 

19,086,450 
2,958,260 
9,484,575 
2,731,540 

11,909,820 
1,674,153 
18,000 
1,639,200 
4,465,960 
5,728,290 

12,425,280 
1,863,300 
7,034,320 
2,269,738 


212,327,972 


Yalne 


214,471 

92,497 

87,784 

246,775 

8,980,323 

4,495.051 

217,442 

643,772 

55,843 

909^2 

152,539 

101,230 

1,065,459 

167,604 

679,797 

170,356 

737,610 

183,922 

1,115 

77,390 

836,590 

416,258 

984,994 

150,601 

423,758 

204,993 


16,697,426 
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Cotton  Mani{facture9, 


Piece  Goods:  Plain: 
To  Norway     .        .        . 
„   Denmark  ..... 
H   Germany  .        •        •        .        . 

„  Holland 

„  Belgium    ,        . 

„  France 

„  Portugal,  Azores,  and  Madeira  . 
,,  Spain  and  Canaries   . 

*»  Italy 

„  Austrian  Territories  . 

„  Greece 

„  Turkey  Proper  .        ,        ,        , 
„  Wallachia  and  Moldavia   •        • 

»  Egypt 

,f  Morocco 

„  Western  AAica  (Foreign)  . 
„  Eastern  Africa  (Native)     . 

„  Java     ^    

,,  Philippine  Islands     •        .  ,      , 
„  China        .        .        .        .        , 
„  JajMin        .        .        .        . 
„  United  States:  Atlantic     . 
>»  ,»  Pacifie      • 

„  Foreign  West  Indies 

„  Mexico 

M  Central  America        ... 

„  United  States  of  Colombia  (New  Granada) 

„  Venezuela         .... 

,,  Peru 

M   Chili 

H  Brazil       .        ^        •        .        . 

„  Uruguay  .        .        ... 

H  Argentine  Bepublic  ... 

„  Gibralt;ar .        •        ... 

,,  Malta        ..... 

„  Western  Africa  (British)  . 

,,  British  Possessions  in  South  Africa 

»,   Mauritius  .        .        ;        . 

„  British  India :  Bombay  and  Scinde 

„  y,  Madras      .        . 

,,  f,  Bengal  and  Burmah 

„  Straits  Settlements    .        • 

„   Ceylon 

„  Hong  Kong       .... 

,f  Australia  .        .        .        . 

,,   British  North  America 

„  British  West  India  Islands  and  British  Guiana 

„  Other  Countries 

Total    .... 


Piece  Goods:  Printed: 
To  Russia  .... 
„  Germany  .... 
„  Holland  .... 
„  Belgium  .... 
„  France  .  .  .  , 
„  Portugal,  Azores,  and  Madeira 
„  Spain  and  Canaries  .  .  , 
„  Italy  '  .  .  %  . 
„  Austrian  Territories  . 


Carried  forward 


Qaaiitities 


Yank 
10,046,363 

2,076,912 

6,370,314 
14,111,926 

3,705,324 
35,557,641 
49,612,750 

4,482,930 
44,057,700 

9,269.705 

.  20,081,800 

165,449,000 

11,927,700 

220,948,440 

12,388,200 

3,642,356 

5,335,900 
10,966,950 

7.535,900 

295,878,376 

24,413,100 

53,368,858 

1,139,700 
36,017,401 

7,375,603 

3,008,542 
44,086,405 

4,881,920 
15,046,780 
38.851,190 
91,843,4.')5 
11,482,549 
34,638,809 
19,813,300 
20,983,300 
10,458.700 
11,721,512 

6,583,433 
175,219,250 
28,453,400 
546,014,730 
82,532,300 
27,870.500 
76,240.600 
25,667,822 
21,229,528 
16,185,512 
10,994,134 


2,379,968.019 


1,889,570 
85,234.574 
20,957,930 

8,638,892 
70.110.273 
23,159,470 
10,592,446 
29,128,900 

4,907,900 


249,619,955 


Valne 


£ 

305,415 

53.370 

164,680 

313.965 

63,385 

560,692 

705.804 

85,866 

615,376 

129,138 

295,283 

2.350,022 
169,529 

2,825,258 

198,180 

48,064 

70.168 

185.115 

123,331 

4,475,566 
349.370 

1,230;292 

16.534 

569,820 

129,595 

43,680 

711,638 

74,672 

255,036 

605,705 

1,466.788 
207,308 
585,917 
286,999 
270.316 
157,264 
238,373 
104,473 

2,184,659 
396,516 

6,831.397 

1,271,022 
429,356 

1,224,029 
597,561 
419,100 
251,664 
198.940 


34,842,628 


63,526 

1,796.591 

476.606 

87,041 

1,551,046 

381,454 

213.811 

608,544 

103,948 


5,282,567 
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Brought  forward 

To  Greece . 

Turkey  Proper 

Walkchia  and  Moldayift 

T^gypt 

Morocco • 

Western  Africa  (Foreign)  .        .        .        . 

Eastern  Africa  (Natiro) 

Java 

Philippine  Ishinds 

China       .....••• 

Japan •        •        . 

United  States:  Atlantic    .        .        •        .        . 
„  Pacific 

Foreign  West  Indies 

Mexico 

Central  America       .        .        .        •        - 

United  States  of  Colombia  (New  Granada) 

Venezuela         • 

Pom 

ChiU 

Brazil 

Urnguay 

Argentine  Republic  ..*••• 

Gibraltar 

Malta 

Western  Africa  (British) 

British  Possessions  in  South  Africa  . 

Mauritius 

British  India :  Bombay  and  Scinde    . 

„  Madras      •        .        .        .        • 

„  Bengal  and  Bnrmah  . 

Straits  Settlements    ...... 

Ceylon 

Hong  Kong       .....•• 

AiiRtralia 

British  North  AmericJi 

British  West  India  Islands  and  British  Guiuna  . 

Other  Countries 


I  Total . 

I 

I  Piece  Goods  of  Mixed  Materials: 

'  Cotton  predominaiiftff  : 

I    To  Germany •        • 

„   Holland . 

M   Belgium    .        .- 

„  France      ....... 

„  Egypt       .        .        .        . 

I      „  Western  Afirica  (Foreign) 

„  China  (exclusive  of  Hong  Kong) 

„   Japan        

„  United  States :  Atlantic    .... 

„  „               Pacific      .... 

„  Foreign  West  Indies          .        .        .        . 

„  United  States  of  Colombia  (New  Granada) 

„  Brazil       .        .  ^ 

.,   Argentine  Republic 

,.  British  India :  Bengal  and  Bnrmah  . 

„   Australia 

„  British  North  America      .... 

„   Other  Countries 


Total 


Quantities 


Yarda 
240,619,055 

8,876,200 
116,600,200 

3,111,700 
39,836,660 

1.076,100 

19,374,087 

788,000 

12,359,400 

3,211,900 
16,812,600 

8,334,900 
72,347,144 

2,017,900 
58,376,029 
11,778,960 

2,450.003 
56,497,182 
14,333,853 
11,063,450 
29,819,900 
04,108,698 
.  17,917,716 
29,133,627 
15,018,400 

3,162,800 
16,669,200 
18,462,313 

4,714,119 
32,697,100 

4.989,660 
73,688,765 
18,588,600 

5,365,800 
12,146.400 
19,072,010 
18.667,293 
22.972.984 

4,638,359 


1,137,626,766 


2,626,702 

972,220 

4,706,426 

1,063,200 

327,610 

568,960 

729,400 

310,100 

2,734,234 

9,500 

691,760 

471,627 

366,239 

76,300 

121,900 

2,006,800 

1,442,742 

1,267,917 


20.391,526 


Value 


5,282,667 

177,339 

2,382,843 

68,814 
740,195 

81,211 
365,204 

16,368 
216,792 

79,208 
339,066 

81,861 
2,108,162 

39,149 

1,156,147 

212.042 

41,828 
1,026.472 
310.033 
210.922 
629,633 
1,941,187 
342,744 
671,538 
322,499 

54,628 
300,137 
843.441 

87,092 
565,600 

88,613 
1,164,270 
341.720 
114,766 
304,896 
614.112 
412.673 
419,641 

86.613 


23,360,694 


76,117 

41.573 

183,874 

85,757 

13.688 

7,983 

28,383 

14,826 

97.423 

588 

20.423 

20,850 

18.419 

3,674 

5,413 

66.616 

46.998 

46,487 


727,891 
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Lace  and  Patent  Net: 

ToKoBsia 

n  GomiaDy  •  •  •  •  • 
„  Holland  ..... 
„  Belgium  ..... 
„  Erajooe  ..... 
„  Spain  and  Canaries  . 
„  Italy 


Jmted  States :  AUantio    .        .        ... 

„  Pacific      .... 

Foreign  West  Indies  .        •        •        . 

United  States  of  Colombia  (Keir  Qrnnada) 

Peru 

Chili 

Brazil 

Uruguay 

Argentine  Bepnblic 

British  India  (Bengal  and  Bnrmah)  . 
Australia  ....... 

British  North  America      .... 

Other  Countries 


Total 


Hoeiery,  Stockings  and  Socks: 
To  Japan 

„  United  States :  Atlantic 

n  „  Pacific 

M  Foreign  West  Indies 

„  United  States  of  Colombia  (New  Gmnada) 

„  Chili 

„  Brazil 

„  Uruguay 

'  „  Arp;entine  Republic 

H  British  Possessions  of  South  Africa  . 

„  British  India :  Bengal  and  Burmah  . 

„  Australia  ........ 

„  British  North  America 

„  British  West  India  Islands  and  British  Guiana  . 

,t  Other  Countries 


Total 


Qoantitiee 


Value 


DoxenPain 
16,284 

864,172 
335 
24,579 
13,391 
53,504 
66,945 
30,653 

129,257 
20,435 
29,230 

316,863 
16,584 
21,528 
88,925 


6,409 
46,384 
55,771 
149,098 
91,616 
16,682 
32,842 

8,982 

470,646 

286 

7,740 
17,595 
14,344 

6,282 
20,186 

6,091 

7.225 

9,528 
10,128 
20,812 
26,428 


1,024,420 


1,182,685 


3,074 

167.999 

161 

6,738 

4,564 

11,165 

20,584 
9,714 

31,237 
7,087 
7,954 
106,202 
6,135 
6,937 

29,288 


418,889     I 


Hosiery  qf  other  Sorts  {quantities  not  yiven). 

Value 

ToC^ermany £21,371 

„  HoUand 6,863 

„  Italy 7,831 

Turkey  Proper 9,351 


Egypt 
United  States 


11,722 

359,037 

203 

13,817 

17,183 


Atlantic 

Pacific  .  .  . 
Foreign  West  Indies  .... 
Unit^  States  of  Colombia  (New  Granada) 

Peru 12,358 

ChiU 14,011 

Braril 19,231 

Uruguay 16,869 

Argentine  Republic 36,878 

British  India :  Bombay  and  Sciude      .        .  6,698 

Australia 20,109 

British  North  America         ....  46,951 

British  West  India  Islands  and  Bri tisli  G  uiuna  1 0,594 

Other  Countries 56,547 


Total 


687,624 


Digitized  by  VjOOQIC 


COTTON  TRADE 


1007 


Thread  for  Sewivg : 

To  Russia 

„  Sweden . 

„  Korway     ........ 

„  Germany 

„  Holland 

„   Belgium 

„   France 

.,   Portugal,  Azores,  and  Madeira 

,.  Spain  and  Canaries 

„   Italy 

.,   Austrian  Territories 

„   Turkey  Proper 

„  Java         ......•* 

„   United  States :  Atlantic 

„  „  Pacific 

„   Foreign  West  Indies         .        .        .        .        . 

„   Mexico 

„   United  States  of  Colombia  (New  Grannd  \) 

„   Venezuela 

„   Peru 

„  ChUi 

p   Brazil        .        .        ^ 

„   Uruguay  . 

,,   Ar^ntine  Republic 

„   British  India :  Bombay  and  Scinde   . 
„  „  Bengal  and  Burma  li  . 

„   Straits  Settlements 

„  Australia 

„  British  North  America  .  .  .  .  . 
„  British  West  India  Islands  and  British  Qniaiui  . 
,,   Other  Countries 


Total 


Quantities 


lbs. 
404,498 
105,096 

21,780 
950,005 
189,223 

96,621 
213,225 
109,308 
142,818 
202,521 

31,621 

192.403 

111,390 

2,106,996 

26.600 
282,945 
154,532 
153,175 

84,905 
136,757 
150,893 
444,159 

64,772 
146.500 
226,233 
813,411 

80,790 
137,266 
282,737 

68,186 
413,490 


8,043,856 


Yaliio 


62,084 
16,621 

3,916 
190,339 
30,580 
28,379 
39,672 
13,845 
26,922 
20,178 

3,168 

20,524 

13,201 

473,341 

4.551 
40,528 
21.238 
19,874 

8,261 
15,506 
18,183 
77,340 
13,101 
38,182 
24,573 
35,421 

7,757 
21,006 
61,468 
11,166 
44,368 


1,400,243 


Other  Manufactures  Unenumeratcd : 

Valao 

To  Russia £13,757 

„   Germany 56,333 

„  Holland 103,527 

„  Belgium 77,901 

„   France 99,302 

„  Portugal,  Azores,  and  Madeira     .                .  9,699 

„  Spain  and  Canaries 12,059 

„   Italy 8,650 

„  Turkey  Proper 84,482 

„  United  States:  Atlantic       ....  182,336 

„            „               Pacific          ....  2,089 

„  Foreign  West  Indies 33,490 

„  UnitMl  Sutes  of  Colombia  (New  Granada)  .  36,669 

„  Peru 6,041 

„   Chili 11,993 

„   Brazil 27,458 

„   Uruguay 11,606 

,.   Argentine  Republic 23,506 

„   Gibraltar 6,742 

„  British  Possessions  in  South  Africa      .        .  65,691 

„  British  India :  Bengal  and  Burmah      .        .  13,132 

„   Straits  Settlements 10,411 

n  Hong  Kong 7.980 

„  Australia     .......  66,908 

„  British  North  America         ....  26,756 

.   „   Other  Countries 67,172 


Total 


1,004,390 
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COintT  PUISTSB.  Silk  or  some  similar  fabric  covered  on  one  side  with  isin- 
glass in  spirits  of  wine,  with  some  Benzoin  or  gum  Benjamin. 

COl^-smro  is  employed  in  the  processes  of  dunging  in  Calico-printing. 

COl^-Smro  SVBSTZTUTB.  The  sulphate,  carbonate,  and  phosphate  of  lime 
and  soda.    See  CAUCO-PBiMmro. 

C01Vl>ia  PSra.  Cowrie  or  Kaurie  Pine,  The  Dammara  australis,  a  natiTeof 
New  Zealand,  producing  timber  which  is  much  valued  for  making  masts  and  long 
spars  of  great  strength.  This  ]^ne  also  yielda  the  gum-resin  known  as  Cowrie  ffum^ 
used  in  the  preparation  of  certain  varnishes. 

CRAITBB&KT.  The  red  acid  fruit  of  the  Oxycoccua  paluetris.  The  0.  macro- 
carpus  is  the  American  variety.    The  fruit  is  preserved  in  water,  and  lai]g;ely  used. 

CRAMMBt  Tubular,  Among  the  many  applications  of  the  hollow-girdEor  system, 
this  is  one  of  the  most  ingenious. 

Fiff.  584  is  a  vertical  section  of  a  crane,  constructed  according  to  a  recent  invention, 
and  calculated  for  lifting  or  hoisting  weights  up  to  about  8  tons.  Fig,  685,  is  an 
elevation  of  the  same;  Jige,  586,  #87»  588,  and  589,  are  cross-sections,  on  the  lines  a  b, 
c  d,ef,ff  h;  and>?^.  500,  a  transverse  vertical  section  on  the  line  i  k,  a  a  is  the  jib, 
which  in  its  general  outline,  is  of  a  crane-neck  form,  but  rectangular  in  its  eroos- 
section,  as  particularly  shown  in  figs.  587»  588,  and  580.  The  four  sides  are  formed 
of  metal  plates,  firmly  riveted  together.     Along  the  edges  the  connection  of  the 


592 


OEESiSIS 


plates  is  ofFectod  by  means  of  pieces  of  angle  iron.  The  connection  of  the  plates  at 
the  cross-joints  on  the  convex  or  upper  side  of  the  jib  are  made  bj  the  riveting  on  of 
a  plate,  which  covers  or  overlaps  the  ends  of  the  two  plates  to  be  joined ;  the  riyetBat 
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this  part  are  disposed  as  represented  in  Jif.  592  (a  plan  of  the  top  plates),  and  known 
as  *  diain  riyeting ' ;  b  b  is  the  pillar,  which  is  fijnmj  secured  by  a  base  plate  p,to8k 
stone  foondation  b  ;  and  fits  at  top  into  a  cup-shaped  bearing  {/,  wliich  is  so  firmly 
secured  to  the  side  plates  of  the  jib,  at  or  near  to  the  point  where  tJie  curvature  com- 
mences, and  on  which  bearing  the  jib  is  free  to  reyolve.  •  Fig.  590  is  a  transrerse  verti- 
cal section  of  the  lower  part  of  the  jib,  showing  the  manner  of  fitting  the  bearings 
for  the  chain-barrel  (whidi  is  placed  in  the  interior),  and  the  spindles  and  shafts  of 
the^  wheel  gearing,  by  which  the  power  is  applied  there  to  d,  the  chain-pulley, 
which  is  inserted  in  an  aperture  formed  in  the  top  of  the  jib.  The  chain  passing  over 
this  pulley  enters  the  interior  of  the  crane  and  is  continued  down  to  the  chain- 
barrel,  b  is  a  pulley  or  roller,  which  is  interposed  about  half-wa^  between  the  chain- 
pullev  and  the  chain-barrel,  for  the  purpose  of  preventing  the  chain  rubbing  against 
the  plates.    Fig,  591  is  a  plan  of  the  lower  plates. 

Fig.  693  is  a  vertical  section  of  another  crane  constructed  upon  the  same  principle 
as  that  just  described,  but  calculated  for  lifting  much  greater  weights  (say  20  tons) ; 
it  differs  in  having  the  lower  or  concave  side  a  a,  of  the  jib  strengthened  by  means  of 
three  additional  plates  b  b  b,  whereby  the  interior  is  divided  into  one  large  and  three 


smaller  cells,  as  shown  in^s.  594  and  595,  which  are  cross-sections  upon  the  lines  a  b, 
and  c  doifig.  598.  This  arrangement  of  Uie  cells  to  strengthen  the  lower  or  concave 
side  is  advisable,  in  order  to  obtain  sufficient  resistance  to  Sie  compression  exerted  by 
the  load  lifted,  without  unnecessarily  increasing  the  weight  of  the  other  ports. 
The  tension  exerted  upon  the  upper  or  convex  plates  does  not  require  so  much  ma- 
terials to  withstand  it ;  c,  is  the  toe  of  the  jib,  which  rests  in  a  step  formed  in  the  bot- 
tom of  the  cylindrical  castings  d,  which  is  built  into  the  masonry  forming  the  basis  of 
the  machine,  b  b  are  twp  of  a  set  of  pulleys,  which  are  mounted  between  two  rings  7  f. 
Vol..  I.  3  T 
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and  serve  as  anti-friction  rollers  for  tho  upper  bearing  of  the  jib.  The  kywermont  of 
the  rings  f  f,  rests  upon  a  set  oItoHqts  o  g,  which  ard  fitted  into  the  top  of  the  cast- 
ing D,  so  that  as  the  jib  is  turned  round,  the  rings  f  f,  and  the  anti-firiction  roUers 
which  they  carry,  haye  perfect  freedom  to  move  along  with  it ;  h  is  a  platform,  upon 
which  the  persons  working  the  machine  may  stand,  and  which  supports  the  column  i, 
within  which  there  is  mounted  a  spindle  x,  the  lower  end  of  which  has  keyed  to  it  a 
pinion  l,  which  gears  into  a  circular  rack  x  n,  bolted  to  the  top  of  the  cylindrical 
casing  D.  n  is  a  worm-wheel  keyed  to  the  top  of  the  spindle  k,  into  which  an  endless 
screw  worked  by  a  hand-wheel,  is  geared,  so  that,  by  turning  the  hand-wheel,  the  jib 
of  the  crane  is  made  to  move  round  in  any  required  direction,  o  is  the  chain-barrel ; 
p  the  chain-wheel ;  b  b  pulleys  or  rollers  which  support  the  chain,  and  prorent  its 
rubbing  against  the  plates  of  the  I'ib. 

In  the  cranes  and  hoisting  machines  described,  the  chain  barrels  are  indoeed  within 
the  jib,  and  the  spndles  of  the  wheel-gearing  are  also  inside ;  and  this  is  the  dis- 
position of  these  parts  preferred ;  but  it  wiU  be  obvious  that  they  may  be  also 
placed  outside  of  the  jib,  in  a  manner  similarly  to  that  generally  followed  in  the  oon- 
struction  of  ordinary  cranes. 

OAAVX*  (Cr^t  Fr. ;  Krepp^  Ger.)  A  transparent  textile  fabric,  somewhat  like 
gauze,  made  or  raw  silk,  gummed,  and  twisted  at  the  mill.  It  is  woven  with  any 
crossing  or  tweel  When  dyed  black,  it  is  worn  by  ladies  as  a  mourning  dress. 
Crapes  are  crisped  {crapes)  or  smooth ;  the  former  being  double,  are  used  in  doee 
mourning ;  the  latter  is  less  deep.  The  ralk  destined  for  the  first  is  spun  harder  than 
for  the  second ;  since  the  degree  of  twist,  particularly  for  the  warp,  determines  the 
degree  of  crisping  which  it  assumes  after  being  taken  from  the  loom.  It  is  for  this 
purpose  steeped  in  clear  water,  and  rubbed  with  prepared  wax.  Crapes  are  all  woven 
and  dyed  with  the  silk  in  the  raw  state.  They  are  finished  with  a  stifiening  of  gum- 
water.  White  crape  is  appropriated  to  young  unmarried  females,  and  to  virgins  on 
taking  the  veil  in  nunneries. 

Crape  is  a  Bolognese  invention,  but  has  been  long  manufiactured  with  superior 
excellence  at  Lyons  in  France,  and  Norwich  in  England.  There  is  now  a  large  manu- 
&ctory  of  it  at  Yarmouth,  by  power-loom  machinery. 

There  is  another  kind  of  stu£^  called  criport^  made  either  of  fine  wool,  or  of  wool 
and  silk,  of  which  the  warp  is  twisted  much  harder  than  the  weft.  The  criponB  of 
Naples  consist  idtogether  of  silk.  Mrophanes,  crape-Usse,  and  gauze  ore  either  white 
or  coloured  crapes. 

ORATOirS.  (Eng.  and  Fr.;  Pastellstifte,  Ger.)  Slender,  soft,  and  somewhat 
friable  cylinders,  variously  coloured  for  delineating  figures  upon  paper,  usually  called 
chalk  drawings.  Bed,  green,  brown,  and  other  coloured  crayons,  are  made  with  fine 
pipe  or  china  day  paste,  intimately  mixed  with  earthy  or  metallic  pigments,  or  in 
general  with  body  or  sur&ce  colour,  then  moulded  and  dried.  Boe  Dbawixq 
Chalks. 

CRBAM  OV  TAMTAM*    The  Bitabtbate  of  Potash. 

OSSATXara  or  KreaHne,  C«H*N'0«  +  2H0  (C«B*VH^  +  HH>).  A  base  existing 
in  the  juice  of  fiesh  and  in  urine  along  with  creatinine.  It  was  discovered  by 
ChevreuL,  but  chiefiy  investigated  by  liebig. 

CMUULTMMimm  or  KreaHnine,  C^H'N'O*  (0^B'»«0).  A  base  produced  from 
creatine  by  the  loss  of  two  atoms  of  water. 

C&BBF.  In  working  a  colliery  on  the  pillar-and-stall  prindple  it  occasionally 
happens  that  the  pillars  are  forced  into  the  fioor  by  the  weight  of  the  superincmnbent 
strata,  and  the  pavement  is  gradually  heaved  up  imtil  it  may  finally  settle  against  the 
roof ;  this  rise  of  the  fioor  is  called  a  creep.    See  Miniko  fob  Coal. 

CRBOSOTB  or  Kreosote,  One  of  tho  many  singular  bodies  discovered  by 
Beichenboch  in  wood-tar.  It  derives  its  name  from  xp^cu,  fiesh,  and  <rd^tt,  I  preserve, 
in  allusion  to  its  remarkable  antiseptic  properties.  A  great  deal  of  conftision  exists 
in  the  published  accounts  of  wood  creosote,  owing  to  the  variable  nature  of  the  results 
obtained  by  the  chemists  who  have  examined  it.  This  confusion  is  not  found  with 
that  from  coal,  which  undoubtedly  contains  two  homologous  bodies,  C**H*0*  (<3*K*0) 
and  C'*H*0'  (C'S^O) ;  the  first  being  carbolic,  and  the  second  cre^lic  add.  The 
composition  of  carbolic  acid  has  long  been  known,  owing  to  the  researches  of  Laurent : 
cresylic  acid  was  afterwards  discovered  by  Williamson  and  Fairlie.'  Oommerdal  eoal 
creosote  sometimes  consists  almost  entirely  of  cresylic  add.  Coal  oils,  of  very  hi^ 
boiling  point,  contain  acids  apparently  homologues  of  carbolic  add,  higher  up  in  Se 
series  than  even  cresylic  add,  and  yet  perfectly  soluble  in  potash. — (  Grevifle  Williams.) 
There  is  little  doubt  that  wood  creosote  consists  essentialrf  of  the  same  substanees  as 
that  from  coal.  The  great  difference  in  the  odour  arises  chiefly  from  the  frtct  of  the  pro- 
duct from  coal  retaining  with  obstinacy  traces  of  naphthaline,  parvoUne,  and  chinohne^ 
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all  of  which  are  extremely  odorous.  No  creosote  found  in  commerce  !■  ever  perfectly 
homogeneouB,  nor,  in  £EU2t,  is  it  necessary  that  it  should  be  so.  If  perfectly  soluble  in 
potash  and  acetic  acid  of  the  density  1*070,  and  if  it  does  not  become  coloured  by 
exposure  to  the  air,  it  may  be  considered  pure  enough  for  all  medicinal  purposes.  The 
oils  from  wood-  and  coal-tar  may  be  made  to  yield  creosote  by  the  foUowine  process. 
The  oils  are  to  be  rectified  until  the  more  rolatile  portions  (which  are  li«iter  than 
water)  have  j^assed  oyer.  As  soon  as  the  product  running  from  the  stiU  sinks  in 
water  the  receiver  is  to  be  changed,  and  the  ous  may  be  received  until  the  temperature 
required  to  send  over  the  oil  is  as  high  as  480^  F.  The  oil  so  obtained  is  to  be 
dissolved  in  caustic  soda,  all  insoluble  in  it  bein^  rejected.  The  alkaline  solution, 
after  being  mechanically  separated,  as  £&r  as  possible,  firom  the  insoluble  col,  is  to  be 
boiled  for  a  very  short  time.  Two  advantages  are  gained  by  this  operation :  any 
volatile  bases  become  expelled,  and  a  substance  which  has  a  tendency  to  become 
brown  on  keeping,  is  destroyed.  Sometimes  the  oil  on  treatment  with  potash  yielde 
a  quantity  of  a  crystalline  paste.  This  is  naphthaline,  and  should  be  removed  by 
filtration  through  coarse  cahco  or  canvas.  The  alkaline  liquid  is  then  to  be  supersa- 
turated with  dilute  sulphuric  acid,  on  which  the  creosote  separates  and  rises  in  the 
form  of  an  oil  to  the  sur&ce.  This  creosote  is  already  free  from  the  greater  number 
of  impurities,  and,  if  rectified,  may  be  used  for  many  purposes.  To  obtain  a  purer 
article  the  operations  commencing  with  solution  in  caustic  soda  are  to  be  repeated. 
If  the  alkaline  solution  on  boiling  again  becomes  coloured,  the  purification  must  be 
gone  through  a  third  time.  It  is  essential  not  to  boil  the  alkaline  solution  long,  or  a 
serious  loss  of  creosote  would  take  place.  According  to  Beichenbach  the  bdling  point 
of  creosote  is  397^.  Carbolic  add  boils  between  Z69^  and  370<^.  Gresylie  add  bdls 
at  307^.  From  this  it  would  appear  that  Bdchenbach's  creosote  consisted  of  cresylic 
add.  The  specific  ^vity  of  creosote  according  to  Bdchenbach  is  r087  At  68^ 
that  of  carbolic  add  is  1*065  at  64^.  Carbolic  add  and  its  homologues,  when  mixed 
with  quicklime  and  exposed  to  the  air,  yield  a  beantifnl  red  colour,  owing  to  the 
formation  of  rosoUc  add    See  Disdifbctamts. 


C^^HH)*  ^OH'O).    A  compound  ibund  with  carbolic  add  in  coal-tar, 
creosote,  and  the  tar  of  pme-wood. 
ommanrUKC  AOZD.    Ci«H*0'  (C'B'O).    A  homologue  of  carbolic  add.    See 

CbBOSOTX;  DiSniFBCTAllTS. 

CSZTH.  (KpiOiif  a  barleycorn).  A  unit  of  weight,  introduced  into  modem  che- 
mistry by  Dr.  Hofmann.  A  crith  is  the  weight  of  a  litre  of  hydrogen  at  O^C.  and 
760  mm.  bar.  pressure ;  this  amounts  to  0*089636  gramme.  The  use  of  the  crith  is 
convenient  in  calculating  the  wdghts  of  given  volumes  of  different  gases  on  the  metric 
system. 

OROOZ]M>IiZTB.  A  fibrous  asbestifbrm  mineral  occurring  in  the  Griqua  Country, 
South  Africa.  White,  brown,  red,  and  blue  varieties  are  known ;  and  some  of  these, 
when  cut  en  caJbcchon^  resemble  coloured  cat's-eye,  and  are  used  in  jewellery.  The 
true  croddolite  is  a  hydrous  dlicate  of  protoxide  of  iron,  magnesia,  and  soda ;  but 
much  of  the  so-called  croddolite  from  South  Africa  has  been  proved  to  be  pseudo- 
niorphous  fibrous  quartz  coloured  with  oxide  of  iron  and  other  foreign  matter. 

CftOCOZSira.  Native  chromate  of  lead,  FbO,Cra'  (VbOrO«)  occurring  in 
pmall  hvacinth-red  crystals  in  some  of  the  Siberian  mines,  in  Hungary,  in  Bradl,  and 
in  the  Philippine  I^nds.  It  was  in  this  mineral  that  the  metal  chrcnnium  was  dis- 
covered in  1704,  by  Vauquelin.  The  name  of  the  spedes  is  sometimes  written, 
Croooiie, 

CXOCU8.  The  commercial  name  for  a  polishing  powder  made  with  oadde  of  iron. 
The  older'  chemists  gave  this  name  to  many  of  the  metallic  compounds,  which  had 
something  of  the  nature  of  rust  of  iron.  Croous  MartU^  ses^uioxide  of  iron ;  Crocus 
Metallorumy  liver  of  antimony,  glass  of  antimony,  ojqrBulphide  of  antimony ;  Crocw 
Veneris,  oxide  of  copper. 

OXOCVS.  A  genus  of  plants  belonging  to  the  natural  <»der  of  Iridaeea,  The 
Crocus  satitms  is  the  spedes  from  which  Uie  saffion  of  commerce  is  produced.  The 
stigmata  of  the  fiowers  are  of  a  deep  orange  colour,  and  these,  when  dned  in  the  loose 
state,  form  hav  safron ;  when  compressed  it  forms  the  oaks  sajfron,  Safifron  is  culti- 
vated in  Cambridgeshire ;  it  is  also  imported  from  Sidly,  France,  and  Spain ;  but 
English  saffiron  is  always  preferred. 

C&088  OOmUNL    A  mining  term.    See  Hnnxo. 

CmoSS  CUT.    A  mining  term.    SeeMonxo. 

CKOBM'VUJCMJkMU  or  r&OOJCAVB.  Hie  name  giyen  by  the  Cornish 
miners  to  clay  veins  crossing  the  mineral  lodes.    See  Flookak. 

cmOTAIiABIA  JUflCma.    The  i^ant  whidi  jields  Sunn  or  Boigal  hemp. 

cntOTOir  OX&.  A  powerful  purgative  oil,  obtained  from  seeds  of  the  Croton 
TigJium,  a  shrub  grown  in  India  and  ^e  ndghbouring  isles. 

3t2 
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A  name  given  to  certain  lichenB  in  Scotland  whi^  are  used  for 
dyeing  woollen  stufb  brown. 

€JUOWVMaMTm  The  berries  of  Empetrum  nigrumy  eaten  in  the  north  of 
Europe,  and  nsed  in  (Greenland  in  the  preparation  of  a  fermented  beyerage. 

OKOWW  0&A88.    See  Glass. 

ORVCXB&BS  (OreusetSt  Fr. ;  Schmdztiegelt  Ottt.)  are  small  conical  vessels, 
narrower  at  the  bottom  than  the  mouth,  for  reducing*  ores  in  assaying  by  the  dry 
way,  for  fusing  mixtures  of  earthy  and  other  substances,  for  melting  metals,  and 
compounding  metallic  alloys.  They  ought  to  be  refractory  in  the  strongest  heats,  not 
readily  acted  upon  by  the  substances  ignited  in  them,  not  porous  to  liquids,  and 
capable  of  bearing  considerable  alternations  of  temperature  without  cniddng;  on 
wmch  account  they  should  not  be  made  too  thick.    See  Assay  ;  Meltdcg  Pots. 

CKVSBnrO  AWB  OSnrBZVO  BKACBIVBRT.  See  G&indinq  Aia>  Cbvsh- 
ncQ  Machinbbt,  under  DBBSSDra  of  Obbs. 

CKTO&Zra«  (Kryolitht  Eiastdn^  Ger.)  This  mineral  derives  its  name  from 
Kp^r,  ice, — from  the  circumstance  of  its  being  fusible  in  the  flame  of  a  candle.  It  is 
a  double  fluoride  of  aluminium  and  sodium,  represented  by  the  formula  Al'F'  +  3NaF 
(Al*F*.6Var),  which  corresponds  to  aluminium  1800  ;  sodium  82*8 ;  fluonne  64-2 
percent.  The  mineral  usually  occurs  in  deavable  masses  of  snow-white  colour, 
having  a  specific  gravity  of  about  3.  Ciyolite  is  found  only  at  Evigtok,  in  Arksut* 
fiord  in  West  Greenland,  where  it  forms  a  large  deposit  in  gneiss,  associated  with 
galena,  pyrites,  and  spathic  iron  ore.  It  is  now  obtained  in  large  quantities,  and  is  used 
in  the  preparation  of  sulphate  of  alumina  and  alum;  it  has  also  been  used  in  Germany 
in  the  manufacture  of  soda  and  soap,  and  of  late  has  found  a  new  application  in 
America  for  the  production  of  ciyolite  glass.  The  mineral  is  also  employed  in  the 
manu&cture  of  aluminium,  and  was  at  one  time  the  chief  source  of  the  metaL  See 
ALmaMiuic 

CKTOUnns  O&ASS.  At  Pittsburg  in  Pennsylvania  an  opaque  milk-white 
glass  resembling  porcelain  is  made  with  cryolite.  This  glass  may  be  obtained  by 
melting  together  the  following  ingredients :  silica,  67*19 ;  cryolite,  23-84 ;  and  oxide 
of  sane,  8*97  per  cent. 

CllTPTIBUfji,  C»H"N  (C'>B"ir).  A  volatile  base  homologous  with  chinoUne, 
found  by  Greville  Williams  in  the  less  volatile  portion  of  coal-tar. 

cmT8TJL&.  A  ciystal  is  a  body  which  has  assumed  a  certain  geometric  fbnn. 
It  is  produced  by  nature,  and  may  be  obtained  by  art. 

The  ancients  believed  quartz  to  be  water  converted  into  a  solid  by  intense  cold,  and 
hence  they  called  that  mineral  crytUd  from  Kp^oroXAos,  ice.  This  belief  still  lingers, 
many  persons  thinking  that  rock  crystal  is,  in  feu^,  congealed  water.  The  term  c^fUal 
is  now  applied  to  all  solid  bodies  which  assume  certain  regular  forms.  A  czystal  is 
any  solid  bounded  by  plane  surfaces  symmetrically  arranged.  Each  mineral  haa  its 
own  mode  of  crystalHsation,  by  which  it  may  be  distinguiwed,  and  also  its  own  pecu- 
liarity of  internal  structure. 

We  may  have  a  mineral  in  a  considerable  variety  of  external  forms,  as  pyrites,  in 
cubes,  octahedrons,  dodecahedrons,  &c. ;  but  these  are  all  related  to  a  single  type — 
the  cube.  Thus  gaienaj  whatever  external  form  it  may  assume,  has  an  intenud 
cubical  structure.  Fluor-spar,  usually  occurring  in  cubical  forms,  may  be  cleaved 
into  a  regular  octahedron.  A  little  reflection  will  enable  the  student  to  see  that 
nature  in  her  simple  arrangements  maintains  an  unvarying  internal  type,  upon  vdiich 
she  builds  up  her  varying  and  beautiful  geometric  forms.  There  are  certain  imagi- 
narv  lines  which  are  called  the  axes  of  the  ciystal :  these  may  be 

ieetangular  and  equal,  as  in  the  cube. 

Rectangular  and  one  unequal^  as  in  the  right  square  prism. 

Sectair^ular  and  three  unequal,  as  in  the  right  rectangular  prism. 

The  three  axes  unequal,  vertical  inclined  to  one  of  the  lateral,  at  right  angles  to  the 
other,  ttoo  lateral  at  right  angles  with  one  another,  as  in  the  oblique  rhombic  prism. 

The  three  axes  unequal  and  all  the  intersections  oblique,  as  in  the  doubly  oblique 
prism. 

Three  equal  lateral  axes  intersecting  at  angles  of  60^  and  a  vertical  axis  of  varying 
length  at  right  angles  toith  the  lateral,  as  in  the  hexagonal  prism. 

Upon  these  simple  arrangements  of  the  axial  lines  all  the  crystalline  forms  depend, 
the  particles  of  matter  arranging  themselves  around  these  axes  according  to  flome  law 
of  polarity  which  has  not  yet  been  developed.  For  an  outline  of  CiyBtallography,  see 
Watts's  *  Dictionary  of  Chemistry.* 

ORT8TA&.    A  name  given  to  flint  glass.    See  Flimt  Giass. 

GUBB  OKB«  (  WwrfeUre,  G^.)  A  common  name  iotThartMifio^deriJU :  a  hydrous 
arsenate  of  sesquioxide  of  iron,  occurring  in  some  of  the  Cornish  oopper-minefl,  and  in 
Saxony,  in  the  form  of  small  icubes,  generally  of  a  green  colour. 
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OVBZO  mXRa.  Native  nitrato  of  soda,  or  Chili  saltpetre.  The  name  is 
supposed  to  refer  to  Uie  form  of  the  crystals,  which,  however,  are  rhombohedia  and 
not  t;ubes.    The  mineral  is  used  in  the  preparation  of  nitric  acid  and  of  nitre. 

CUB8XAR.  This  colouring  matter  was  first  made  an  article  of  trade  by  Dr. 
Cnthbert  Gbrdon,  from  whom  it  derived  its  name ;  and  was  originally  manufactured 
on  a  great  scale  by  Mr.  G.  Mackintosh,  at  Glasgow,  nearly  80  years  ago. 

It  is  prepared  in  the  same  manner  as  archil,  from  the  same  species  of  lichen ;  only, 
towards  the  end  of  the  process,  the  substance  is  dried  in  the  air,  and  is  then  ground  to 
a  very  fine  powder.    See  Abchil  ;  Litmus. 
CV&IiBT.    Broken  refuse  glass. 

CUUHKf  a  term  applied  to  anthracite  or  coal-stone  in  some  districts.  It  is  still 
used  in  Parliamentary  returns.    See  Amtesacitb. 

CVlKZBZinii  C>*H"N  (C*Bi*V).  An  alkali  homologous  with  aniline,  formed  by 
Nicholson  by  the  action  of  reducing  agents  on  nitrocumole.  Its  density  is  0*9526,  and 
its  boiling  point  437^. 

GUMIM  8SJn>.    The  fhiit  of  the  Ouminum  Cymnum.    This  plant  is  much  cul- 
tivated in  Sicily  and  Malta  for  the  sake  of  the  seeds.    These  have  a  warm  aromatic 
taste,  and  a  strong  and  rather  agreeable  smell.    The  Butch  sometimes  fiavour  their 
cheese  with  cumin  seed.    In  Germany  they  are  put  into  bread ;  and  in  this  country 
they  are  employed  to  fiavour  curries. 
CUISO&B,  or  Cumkne,  Hydruret  of  Cumenvle.    C'^H*'  (0*B>*^    A  hydrocarbon 
,  found  in  coal  naphtha ;  it  is  also  produced  by  tne  destructive  distillation  of  cuminic 
acid  with  caustic  baryta.    See  Naphtha,  Goal,  and  Carbusbttbd  Htdboqbk. 
Cim&.    A  shallow  cup  made  of  bone-ashes.    See  Assay. 
CPOTOiiTi  h  TlOlff  ■    See  AssATmo  and  Silvbb  Befimiiio. 
CUWmmOVB  MAVOAVBSa.    See  Manganese. 

CinULCOA.  A  Dutch  liqueur  fiavoured  with  Seville  orange  peel,  cinnamon,  and 
mace.    See  Lxqueubs. 

CU&CUMA  AHOVSTZroXAIL.  T%e  narrouy-leaved  Turmeric,  (East  Indian 
Arrow  Root.)  This  plant  is  found  in  the  forests,  extending  from  the  banks  of  the 
Lona  to  Nagpore.  At  Bhagulpore  the  root  is  dug  up  and  rubbed  on  a  stone  bed  or 
in  a  mortar,  and  afterwards  rubbed  in  water  with  the  hand  and  strained  through  a 
cloth ;  the  fecula  having  subsided,  the  wat«r  is  poured  of^  and  the  tikor  (feeda) 
dried  for  use.  The  East  Indian  arrow-root  is  a  fine  white  power,  readily 
distinguishable,  both  to  the  eye  and  the  touch,  £rom  West  Indian  arrow-root.  To  the 
eye  it  somewhat  resembles  a  finely-powdered  salt  (as  bicarbonate  of  soda  or  Bochelle 
salt).  When  pinched  or  pressed  by  the  fingers,  it  wants  the  firmness  so  characteristic 
of  West  Indian  arrow-root,  and  it  does  not  crepitate  to  the  same  extent  when  rubbed 
between  the  fingers. — Pereira, 
At  Travancore  this  starch  forms  a  large  portion  of  the  diet  of  the  inhabitants. 
CUXIiZVO  8TOVB.  A  stone  used  in  Scotland  in  playing  the  national  game 
of  curling^  which  is  practised  upon  the  ice  during  the  winter.  The  stone  is  made  of 
some  hard  primary  rock.  That  of  Ailsa  Craig,  in  the  Firth  of  Clyde,  is  very  celebrated. 
Ailsa  Craiff  consists  of  a  single  rock  of  greyish  compact  felspar,  with  small  grains  of 
quartz,  and  very  minute  particles  of  hornblende. — Briatow. 

OURlUUrT.  The  fruit  of  the  Ribea  rubrwn  and  R,  nigrum.  The  name  currant 
is  derived  from  the  similarity  of  the  fruit  to  that  of  the  Corinth  raisins,  or  small 
grape  of  Zante,  which  are  commonly  called  corinths  or  currants, 

cmtRBUS.  A  resin  obtained  from  the  hemp-plant  {CatmabU  aaHva)  grown  in 
India. 

omUtT.  A  seasoning  originally  prepared  in  the  East  Indies.  The  following 
are  excellent  receipts  for  cuny : — 

Coriander  seeds  powdered 3  ounces 

Black  pepper  „  .......    5    „ 

Cayenne  pepper       „ 1     „ 

Fen^;ric  seeds  „ 3    „ 

Cumin  seeds  „ 3    „ 

Turmeric  root  „ 6    „•' 

To  be  thorou^y  well  mixed  together. 

Coriander  seeds  powd^ed •        •    i  a'pound 

?S^  ::        y^-^ "ounce. 

^^^Zt    :   jof*-^ *«"— 

Cayenne  pepper       „ 6  drachme 

Ginger  root  „ 1  ounce 

WoUmix. 
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CinUITXjro  or  UiAXBait  iCoi-royer,  Fr. ;  Zurichten,  6er.)  is  the  art  of 
dressing  skins  after  they  are  tanned,  in  order  to  render  them  fit  for  the  purpose  of 
the  shoe-maker,  coach-maker,  harness-maker,  &c.    See  Lbathbb,  CuBmnKG  of. 

CU8CU8  SOOT.    A  grass  which  yields  a  firagrant  essential  oil,  called  VUever, 

CVSFABXA.  BlBy.  The  bark  of  a  South  American  tree,  the  GtUpea  dupana^ 
mnch  esteemed  for  its  medicinal  properties. 

OUTOS  or  Kuteh.    The  catechu  of  the  Joaeia  CjateeJm,    See  Acacu  Citbchv. 

OUT&BBT.  {CcuUUerie^  Fr. ;  MesstrMkmiedwtare^  Get.)  Three  kinds  of  steel 
are  made  use  of  in  the  manu&cture  of  different  articles  of  cutlery,  viz.,  common  steel, 
shear  steel,  and  cast  steeL  Shear  steel  is  exceedingly  plastic  and  tough.  All  the 
edge  tools  which  require  gr^t  tenacity  without  great  hardness  are  made  of  it,  snch  as 
table  knives,  scythes,  plane-irons,  &c 

Cast  steel  is  rormed  i>y  melting  blistered  steel  in  covered  cracibles,  with  bottle  ^ass, 
and  pouring  it  into  cast-iron  moulds,  so  as  to  form  it  into  ingots :  these  ingots  are 
then  taken  to  the  tilt,  and  drawn  into  rods  of  suitable  dimensions.  No  <^er  than 
cast  steel  can  assume  a  very  fine  polish,  and  hence  all  the  finer  articles  cf  cutlery  are 
made  of  it,  such  as  t^e  best  scissors,  penknives,  razors,  &c 

Formerly  cast  steel  could  be  worked  only  at  a  very  low  heat;  it  can  now  be  made 
so  as  to  be  welded  to  iron  with  the  greatest  case.  Its  use  is  consequently  extended  to 
making  very  superior  kinds  of  chisels,  plane-irons,  table  knives,  &c 

Forging  of  table  kniff$8. — ^Two  men  are  generally  employed  in  the  forging  of  table 
knives ;  one  called  the  foreman  or  maker,  and  the  other  tne  striker. 

The  steel  called  common  steel  is  emploved  in  making  the  very  common  articles ; 
but  for  the  greatest  part  of  table  luiives  which  require  a  sur&ee  fiee  from  flaws,  shear 
steel  and  cast  steel  are  generally  preferred.  That  part  of  the  knife  termed  the  blade 
is  first  rudely  formed  and  cut  o£  It  is  next  welded  to  a  rod  of  iron  about  |  inch 
square,  in  such  a  manner  as  to  leave  as  little  of  the  iron  part  of  the  blade  expceed  as 
possible.  A  sufficient  quantity  of  the  iron  now  attached  to  the  blade  is  taken  off  from 
the  rod  to  form  the  bolrter  or  shoulder,  and  the  tang. 

In  order  to  make  the  bolster  of  a  given  size,  and  to  give  it  at  the  same  time  shape 
and  neatness,  it  is  introduced  into  a  die,  and  a  swage  placed  over  it ;  the  swage  has  a 
few  smart  blows  given  it  by  the  striker.  This  die  and  swage  are,  by  the  workmen, 
called  prints. 

After  the  tangs  and  bolster  are  finished,  the  blade  is  heated  a  second  time,  and  the 
foreman  gives  it  its  proper  anvil  finish :  this  operation  is  termed  smithing.  The  blade 
is  now  heated  red  hot,  and  plunged  perpendicularly  into  cold  wat^.  By  this  menus 
it  becomes  hardened.  It  requires  to  be  tempered  regularly  down  to  a  blue  colour :  in 
which  state  it  is  ready  for  the  grinder. 

Mr.  Brownill*s  method  of  securing  the  handles  upon  table  knives  and  forks,  is,  by 
lengthening  the  tangs,  so  as  to  pass  them  completely  through  the  handle,  the  ends  of 
wh&h  are  to  be  tanned  after  the  ordinary  mode  of  tinning  iron ;  and,  when  passed 
through  the  handle,  the  end  of  the  tang  is  to  be  spread  by  beating,  or  a  small  hole 
drillealhrongh  it,  and  a  pin  passed  to  hold  it  upon  the  haindle.  .^3ter  this,  cape  of 
met^  either  etupfer  plated,  or  silver,  are  to  be  soldered  on  the  projecting  end  of  the 
tang,  and  while  the  solder  is  in  a  fiuid  state,  the  cap  is  to  be  pressed  upon  the  end  <^ 
the  handle  and  held  there  until  the  solder  is  fixed,  when  the  whole  is  to  be  cooled  by 
being  immersed  in  cold  water. 

Mr.  Thomason's  patent  improvements  consist  in  the  adaptation  of  steel  edges  to 
the  bhides  of  gold  and  silver  knives.  These  steel  edges  are  to  be  attached  to  the 
other  metal,  of  whatever  quality  it  may  be,  of  which  the  knife,  &a,  is  made,  by  means 
of  solder,  in  the  ordinary  mode  of  efi^cting  that  process.  After  the  edge  of  steel  is 
thus  attached  to  the  gold,  silver,  &c,  it  is  to  be  ground,  polished,  and  tempered  by 
immersion  in  cold  water,  or  oil,  after  being  heated.  This  process  being  finished,  the 
other  parts  of  the  knife  are  then  wrought  and  ornamented  by  the  eiigraYer  or  chaser, 
asusuaL 

A  patent  was  obtained  in  1827,  by  Mr.  Smith  of  Sheffield,  for  rolling  out  knifes 
at  one  operation. 

In  the  ordinary  mode  of  making  knives,  a  sheet  of  steel  being  provided,  the  blades 
ore  cut  out  of  the  sheets  and  the  backs,  shoulders,  and  tangs,  of  wrought  iron,  an 
attached  to  the  steel  blades,  by  welding  at  the  forge.  The  kioife  is  then  ground  to 
the  proper  shape,  and  the  blade  polished  and  hardened. 

Instead  of  tMs  welding  process,  the  patentee  proposes  to  make  the  knives  entirely 
of  steel,  and  to  form  them  by  rolling  in  a  heated  state  between  massive  rollers ;  the 
shoulders  or  bolsters,  and  the  tangs  for  the  handles  being  produced  by  suitable 
recesses  in  the  peripheries  of  the  rollers,  just  as  railway  rails  are  formed.  When 
the  kdfe  is  to  be  made  with  what  is  called  a  scale  tang,  that  is,  a  broad  flat  tang,  to 
which  the  handle  is  to  be  attached  in  two  pieces,  riveted  on  the  sides  of  the  tang,  the 
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Toilers  axe  then  only  to  have  reeeBses  cut  in  them,  in  a  direction  parallel  to  the  axis 
for  forming  the  bolster. 

The  plate  of  steel  having  been  heated,  is  to  be  pressed  between  the  two  rollers,  by 
which  the  blades  and  the  parts  fbr  the  scale  tangs  will  be  pressed  ont  flat  and  thin, 
and  those  parts  wnich  pass  between  the  grooTes  or  recess  will  be  left  thick  or  protu- 
berant, forming  the  bolster  fbr  the  shoulder  of  the  blade.  But  if  the  tangs  are  to  be 
round  in  order  to  be  fixed  into  single  handles,  then  it  will  be  necessary  also  to  form 
transverse  grooves  in  the  rollers,  tlmt  is,  at  right  angles  to  those  which  give  shape  to 
the  bolsters,  the  transverse  grooves  corresponding  in  length  to  the  length  of  the 
intended  tan^.  When  the  pktes  of  steel  have  been  thus  rolled,  forming  three  or 
more  kinves  in  a  breadth,  the  several  Iniives  are  to  be  cut  out  by  the  ordinary  mode 
of  what  is  called  slitting,  and  the  blades  and  shoulders  ground,  hfi^ened,  and  polished 
in  the  usual  way. 

Forks  are  generallv  a  distinct  branch  of  manu&cture  from  that  of  knives,  and  are 
purchased  of  the  fork  makers  by  the  manu&cturers  of  tables  knives,  in  a  state  fit  for 
receiving  the  handles. 

The  rods  of  steel  from  which  the  forks  are  made,  are  aboutjths  of  an  inch  square. 
The  tang  and  shank  of  the  fork  are  first  roughly  formed.  The  fork  is  then  cut  ofl^ 
leaving  at  one  end  about  1  inch  of  the  souare  part  of  the  steel.  This  part  is  after- 
wards drawn  out  fiat  to  about  the  lengtn  of  the  prongs.  The  shank  and  tang  aro 
now  heated,  and  a  proper  form  given  to  them  by  means  of  a  die  and  swage.  ^  The 
prongs  are  afterwards  formed  at  one  blow  by  means  of  the  stamp ;  this  machine  is 
very  similar  to  that  used  in  driving  piles,  but  it  is  worked  by  one  man.  It  consists 
of  a  large  anvil  fixed  in  a  block  of  stone  nearly  on  a  level  with  the  ground.  To  this 
anvil  aro  attached  two  rods  of  iron  of  considerable  thickness,  fixed  12  inches  asunder, 
perpendicularly  to  the  anvil,  and  diagonallv  to  each  other.  These  aro  fastened  to  the 
ceibog.  The  hammer  or  stamp,  about  100  lbs.  in  weight,  having  a  groove  upon  either 
side  corresponding  to  the  angles  of  the  upright  rods,  is  made  to  slide  freely  through 
its  limited  range,  being  conducted  by  its  two  iron  supporters.  A  rope  is  attached  to 
the  hammer,  which  goes  over  a  pulley  on  the  floor  of  the  room  above,  and  comes 
down  to  the  person  who  works  the  stam^ :  two  corresponding  dies  aro  attached,  one 
to  the  hammer,  and  the  other  to  the  anviL  That  part  of  the  fbrk  intended  to  form 
the  prongs,  is  heated  to  a  prott^  white  heat  and  placed  in  the  lower  die,  and  the 
hammer  containing  the  other  die  is  made  to  fSdl  upon  it  from  a  height  of  about  7  or  8 
feet.  This  forms  the  prongs  and  the  middle  part  of  the  foriL,  leaving  a  very  thin  sub- 
stance of  steel  between  e^  prong,  which  is  afi;erwards  cut  out  wiui  an  appropriate 
instrument  called  a  fly-press.  The  forks  aro  now  annealed  by  surrounding  a  lar^ 
mass  of  them  with  hot  coals,  so  that  the  whole  shall  become  red  hot  The  firo  is 
suffered  gradually  to  die  out,  and  the  forks  to  cool  without  being  disturbed.  This 
process  is  intended  to  soften,  and  bv  that  means  to  proparo  them  for  filing.  The 
inside  of  the  prongs  aro  then  filed,  after  which  they  are  bent  into  their  proper  form 
and  hardened.    When  hardened,  which  is  efie(^ed  by  heating  them  red-hot  and 

E lunging  them  into  cold  water,  they  aro  tempered  by  exposing  Siem  to  ^e  degree  of 
eat  at  which  grease  inflames. 
Penknives  aro  generally  forged  by  a  single  hand,  with  the  hammer  and  the  anvil 


simply. 
The  ■ 


hammer  in  this  trade  is  generaUy  light,  not  exceeding  3  J  lbs.  The  breadth 
of  the  fiice,  or  the  striking  part,  is  about  one  inch ;  if  broader,  it  would  not  be  con- 
venient for  striking  so  somU  an  object.  The  principal  anvil  is  about  5  inches,  and  10 
upon  the  fSetce,  and  is  provided  with  a  groove  into  which  a  smaller  anvil  is  wedged. 
Tne  smaller  anvil  is  about  2  inches  squaro  upon  the  face.  The  blade  of  the  knife  is 
first  drawn  out  at  the  end  of  the  rod  of  steel,  and  as  much  moro  is  cut  off  along  with 
it  as  is  thought  necessary  to  form  the  joint.  The  blade  is  then  taken  in  a  pair  of 
tongs,  and  heated  a  second  time  to  finish  the  joint  part,  and  at  the  same  time  to  form 
a  temporary  tang  for  the  purpose  of  driving  into  a  small  haft  used  by  the  grinder. 
Another  heat  is  taken  to  give  the  blade  a  proper  finish.  The  small  recess  called  the 
nail-hole,  used  in  opening  the  knife,  is  made  while  it  is  still  hot  by  means  of  a  chisel, 
which  is  round  on  one  side  and  fiat  upon  the  other. 

Penknives  aro  hardened  by  heating  the  blade  red  hot,  and  dipping  them  into  water 
up  to  the  shoulder.  They  are  tempered  by  setting  them  side  by  side,  with  the  back 
downwards,  upon  a  fiat  iron  plate  laid  upon  the  fire,  where  they  aro  allowed  to  romain 
till  they  aro  of  a  brown  or  purple  colour. 

The  blades  of  pocket  knives,  and  all  that  come  under  the  denomination  of  spring 
knives,  aro  made  in  the  same  way. 

The  forging  of  rasors  is  performed  by  a  foreman  and  striker,  as  in  maklDg  table 
knives. 
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They  ard  generally  Madd  of  cast  steel.  The  rods,  as  they  come  from  the  tilt,  am 
aijont  i  inch  blfoad,  and  of  a  thickness  sufficient  for  the  back  of  a  rasor. 

I^ere  is  nothing  peculiar  in  the  tools  made  use  of  in  foiging  raxora ;  the  anvil  is 
&  little  rounded  at  the  sides,  which  aflfords  the  opportunity  of  making  the  edge  thinner, 
and  saves  an  immense  labour  to  the  grinder. 

Raisors  are  hardened  and  tempered  in  a  similar  manner  to  penknives.  They  are, 
however,  left  harder,  bein^  only  let  down  to  yellow  or  brown  C(Mour. 

The  foiging  of  scissors  is  wholly  performed  by  the  hanmier,  and  all  the  sixes  are 
made  by  a  sin^e  hand.  The  anvU  of  the  sdssor-maker  weighs  about  1^  ewt ;  it 
measures,  on  the  face,  about  4  by  II  inches.  It  is  provided  with  two  gates  or  grooves 
for  the  reception  of  various  little  indented  tools  termed  bv  the  w(»>kmen  bosses :  one 
of  these  bosses  is  employed  to  sive  proper  tigure  to  the  shank  of  the  scissors ; 
another  for  forming  that  part  which  has  to  make  the  joint;  and  a  third  is  made  use  of 
for  giving  a  proper  figure  to  the  upper  side  of  the  blade.  There  is  also  another  anvil 
placed  on  the  same  block,  containing  two  or  three  tools  called  beak-irona,  each  con- 
sisting of  an  upright  stem  about  6  inches  high,  at  the  top  of  which  a  hoiiaontal  beak 
projects ;  one  of  these  beaks  is  conical,  and  is  used  for  extending  the  bow  of  the 
scissors ;  the  other  is  a  segment  of  a  cylinder  with  the  round  side  unwards,  containing 
a  recess  for  givins  a  proper  shape  and  smoothness  to  the  inside  of  the  bow. 

The  shank  of  the  scissors  is  first  formed  by  means  of  one  of  the  bosses,  above  de- 
scribed, leaving  as  much  steel  at  the  end  as  will  form  the  blade.  A  h61e  is  then 
punched  about  ^  inch  in  width,  a  little  above  the  shank.  The  blade  is  drawn  out  and 
finished,  and  the  scissors  separated  from  the  rod  a  little  above  the  hole.  It  is  heated 
a  third  time,  and  the  small  hole  above  mentioned  is  extended  upon  the  beak-irons  so 
as  to  form  the  bow.  This  finishes  the  forging  of  scisson.  They  are  pfomiscuoosly 
made  in  this  way,  without  any  other  guide  than  the  eye,  having  no  regard  to  their 
being  in  pairs.  They  are  next  anneal^  for  the  purpose  of  filling  such  parts  of  them 
as  cannot  be  ground,  and  afterwards  paired. 

The  very  lurge  scissors  are  made  pertly  of  iron,  the  blades  being  of  steeL 

After  the  forging,  the  bow  and  joints,  and  such  shanks  as  cannot  be  groond,  are 
filed.  The  rivet  hole  is  then  bored,  through  which  they  are  to  be  screwed  or  riveted 
together.  This  common  kind  of  scissors  is  only  hardened  up  to  the  joint.  Th^  are 
tempered  down  to  a  purple  or  blue  colour.    In  this  state  they  are  taken  to  the  srinder. 

Orindinjf  and  folithing  of  otUltry, — The  various  processes  which  come  under  this 
denomination  are  peifonned  by  machinery,  moving  in  general  by  the  power  of  the 
steam-engine  or  water-wheel. 

Grinding  wheels  or  grinding  mills  are  divided  into  a  number  of  separate  rooms ; 
each  room  contains  six  places  called  troughs ;  each  trough  consists  of  a  convenience 
for  running  a  grindstone  and  a  polisher  at  the  same  time,  which  is  generally  oocnpied 
by  a  man  and  a  boy. 

The  business  of  the  grinder  is  generally  divided  into  three  stages,  via.,  grinding 
glazing,  and  polishing. 

The  grinding  is  performed  upon  stones  of  various  qualities  and  sixes,  depending  oo 
the  articles  to  be  ground.  Those  exposing  much  flat  surfiice,  such  as  saws,  fenders, 
&c,  require  stones  of  great  diameter,  while  raisors,  whose  sur&ce  is  concave,  require 
to  be  ground  upon  stones  of  very  small  dimensions.  Those  articles  which  require  a 
certain  temper,  which  is  the  case  with  most  cutting  instruments,  are  mostly  ground  cm 
a  wet  stone ;  for  which  purpose  the  stone  hangs  within  the  iron  trough,  filed  with 
water  to  such  a  height  that  its  surface  may  just  touch  the  face  of  the  stone. 

Glazing  is  a  process  following  that  of  ^nding :  it  consists  in  giving  that  degree  of 
lustre  and  smoothness  to  an  article  which  can  be  eflfected  by  means  of  emery  of 
various  degrees  of  fineness.  The  tool  on  which  the  glazing  is  performed,  is  termed  a 
glazer.  It  consists  of  a  circular  piece  of  wood,  formM  of  a  number  of  pieces  in  audi 
a  manner  that  its  edge  or  face  may  always  present  the  endway  of  Uie  wood.  Were  it 
made  otherwise,  the  contraction  of  the  parts  would  destroy  its  circular  figure.  It  is 
fixed  upon  an  iron  axis  similar  to  that  of  the  stone.  Some  glaxers  are  covered  on  the 
face  with  leather,  others  with  metal,  consisting  of  an  alloy  of  lead  and  tin  ;  the  latter 
are  termed  caps.  In  others,  the  wooden  surfoce  above  is  made  use  of.  £kMne  of  the 
leather-foced  glaxers,  such  as  are  used  for  forks,  table  knives,  edge  tools,  and  all  Uie 
coarser  polished  articles,  are  first  coated  with  a  solution  of  glue,  and  then  covered 
with  emery^  The  surfoces  of  the  others  are  prepared  for  use  by  fint  turning  tlie  face 
very  true,  then  filling  it  with  small  notches  by  means  of  a  sha^rp-ended  hammer,  and 
lastly  filling  up  the  interstices  with  a  compound  of  tallow  and  emeiy« 

The  pulley  of  the  glazier  is  so  much  less  than  that  of  the  stone,  that  its  veloeitj  if 
more  than  double,  having  in  general  a  surfoce  speed  of  1,500  feet  in  a  second. 

The  process  of  polishing  consists  in  giving  the  most  perfect  polish  to  the  diflfereni 
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articles.  Nothing  is  subjected  to  this  operation  but  what  is  made  of  cast  steel,  and 
has  been  pieyioasly  hardened  and  tempered. 

The  polisher  consists  of  a  circular  piece  gf  wood  oorered  with  boff  leather,  the 
surface  dT  which  is  corered  fiK>m  time  to  time,  while  in  nse,  with  the  crocus  of  iron, 
called  also  colcothar  of  vitrioL 

The  polisher  requires  to  run  at  a  speed  much  short  of  that  of  the  stone,  or  the 
^laser.  Whatever  may  be  its  diameter,  the  surfEice  must  not  more  at  a  rate  exceed- 
ing 70  or  80  feet  in  a  second. 

UUTTJiB  TMMKm  Mollusca  belonging  to  the  ckiss  Cephalopoda.  The  internal 
calcareous  shell  of  one  species  {Sepia  offioinalit)  is  used  as  pounce.    See  Skpia. 

CTJkXMMTLiMMMm  A  cryslBlline  body  »]trmed  by  the  action  of  cyanogen  upon 
aniline.    See  Cyakoobn. 

OTAITATBS.  The  combinations  of  the  various  bases  with  cyanic  acid,  C^HNO' 
(OBVO).  The  eyanate  of  potash,  C*NKO*  (CnrXO),  is  employed  for  the  prepara- 
tion of  ardficial  urea.  There  are  two  modes  of  preparing  eyanate  of  potash,  both  of 
which  yield  a  good  product :  the  first  is  that  of  Clenmi,  the  second  of  Liebi^.  (1.) 
8  parts  of  ferrocyanide  of  potassium  and  8  parts  of  carbonate  of  potash  are  intimately 
mixed  and  ftised,  care  being  taken  not  to  urge  the  heat  too  mucn.  The  fluid  mass  is 
allowed  to  i)Ul  somewhat  in  temperature,  but  not  to  such  an  extent  as  to  solidify ;  16 
parts  of  red  lead  are  then  added  by  small  portions.  The  crucible  is  now  to  be  re- 
heated with  stirring,  then  removed,  and  the  contents  poured  on  to  a  dean  iron  plate. 
(2.)  The  cyanide  of  potassium  of  commerce  (prepared  d^  the  method  described  m  the 
article  under  that  head)  is  to  be  melted  in  an  iron  crucible  or  ladle,  and  8^  parts  of 
dry  lithaige  in  fine  powder  are  to  be  added  with  constant  stirring.  When  the  lead 
has  all  coUected  at  the  bottom,  the  whole  is  poured  on  to  an  iron  plate.  The  mass 
obtained  by  either  of  the  above  processes  is  to  be  reduced  to  powder,  and  boiled  with 
repeated  quantities  of  alcohol,  until  no  more  eyanate  is  extracted.  This  may  be^  known 
when  the  alcohol  filtered  firom  the  residue  no  longer  yields  crystals  of  eyanate  in  cool- 
ing.—COW. 

OTAMJil JIBZO  ACJIB.    See  HTDBOCTAinc  Acid. 

OTAVIBBfl.  The  combinations  of  cyanogen  with  metals  or  other  bodies.  It 
i^  remarked  in  the  article  HTDROCTAino  Acm  tlmt  cyanogen,  C*N  (CV)  is  a  compound 
salt-radical,  analogous  to  the  halo^[eiis  chlorine,  iodine,  and  bromine.  Like  the  latter, 
it  unites  with  metals  without  the  intervention  of  oxygen,  and  with  hydrogen  to  form 
a  hydradd  eorresponding  to  the  hydrochloric,  hycmodie,  and  hydrobromic  adds. 
The  cyanides  are  both  an  important  and  interesting  class  of  salts.  The  most  impor- 
tant is  the  C3nanide  of  potassium.  The  latter  is  formed  under  a  great  variety  of 
circumstances,  especially  where  carbonate  of  potash  is  heated  in  contact  with 
carbonaceous  matters.  The  nitrogen  to  form  the  cyanide  in  the  greater  number  of 
instances  is  prindpally,  and  in  a  few  entirely,  derived  from  the  atmosphere.  Many 
chemists  have  experimented  on  this  subject,  and  thdr  results  are  by  no  means  in 
harmony ;  but  thus  much  is  certain,  that  success  or  &ilure  depends  soldy  upon  the 
drcumstances  under  which  the  experiments  are  conducted.  It  has  been  snown  that, 
when  carbonate  of  potash  mixed  with  charcoal  prepared  from  sugar  (see  Cabbok)  is 
•exposed  to  a  very  high  temperature  in  a  current  of  nitrogen  gas,  the  potash  in  the 
'Carbonate  is,  at  times,  absolutely  converted  into  cyanide,  not  a  trace  of  carbonic  acid 
Temaining.  Experiments  of  this  class,  when  made  with  animal  charcoal  or  coal,  are 
less  oondusive  because  those  matters  contain  nitrogen.  But  even  then  the  amount 
•of  cyanogen  found  is  out  of  proportion  to  the  quantity  of  nitrogen  in  the  coal  or 
•other  carbonaoeoQS  matters.  In  fact,  it  would  seem  that  the  presence  <xf  a  certain 
<quanti^  of  nitzopn  in  the  coal,  &c,  exercises  a  predisposing  tendency  on  the 
nitrogen  of  the  air  so  as  to  induce  its  combination  with  carbon  with  greater  fiidlity 
than  would  be  the  case  if  pure  carbon  were  employed.  C^nide  of  potassium  has 
heea  found  on  more  than  one  occasion  oomng  from  apertures  in  iron-smelting  ftimaces. 
In  fieiet^  it  has  been  produced  in  such  abun£ince  at  one  furnace  in  Styria  as  to  be  sent 
into  the  market  for  sale  to  electro-platers. 

Cjfanide  ofpotassmm  is  lar^y  prepared  for  the  use  of  electro-platers  and  gilders. 
The  proportions  of  the  materials  used  are  those  of  Liebig,  who  fint  made  known  the 
moess.  The  modes  of  manipulatioo,  however,  di£for  in  the  details  in  all  laboratories. 
The  following  method  can  be  recommended  from  the  experience  of  the  author  of  this 
nrtide  as  gi^i^  «  white  and  good  product  It  can,  moreover,  be  worked  on  a  very 
large  scale.  The  ferrocyanide  of  potassium  and  salt  of  tartar  are  to  be  separately 
dried,  pulverised,  and  sifted  through  cane  deves.  The  salt  of  tartar  must  be  free 
from  sulphates.  To  8  parts  of  dry  ferrocyanide  of  potasdum  8  of  dry  salt  of  tartar 
are  to  be  added,  and  the  two  are  to  be  incorporated  by  sifting.  A  large  and  strong 
iron  pot  is  then  to  be  suspended  bv  a  chain  from  a  crane  in  such  a  podtion  that  it 
ean  it  lowered  into  the  ftimaee  and  raised  with  ease ;  there  most  also  be  an  arrange* 
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ment  to  enable  the  pot  to  be  arrested  at  any  desired  height.  The  pot  being  heated  to 
redness,  the  mixture  is  to  be  thrown  in  by  small  portions  until  the  yessel  is  half  full ; 
the  heat  being  allowed  to  rise  gradually  until  the  whole  flows  pretty  quietly.  Ihirbg 
the  fusion  the  contents  are  to  be  stirred  with  a  clean  iron  rod  to  promote  the  aggre- 
gation of  the  spongy  sediment  As  soon  as  the  rod,  on  being  dipped  into  the  fbsed 
mass  and  removed,  brings  with  it  a  pure  white  porcelain-like  product,  the  operation 
may  be  regarded  as  terminated,  and  the  pot  is  to  be  raised  from  the  fire  by  means  of 
the  crane  and  sling  in  a  slightly  inclined  position.  One  of  the  operators  now  holds  a 
large  dean  iron  ladle  under  the  edge  of  the  pot,  while  another  elevates  the  latter  with 
the  aid  of  tongs,  so  that  the  ladle  becomes  filled.  The  contents  of  the  first  ladle  are 
then  poured  off  into  another  held  by  the  assistant  who  tilted  the  pot  The  latter  then 
pours  the  contents  of  his  ladle  into  a  large,  shallow,  and  brilliantly  clean  brass  basin 
standing  in  another  containing  a  little  water  so  as  to  cool  the  fused  ^anide  rapidly. 
Extreme  care  must  be  taken  to  prevent  even  the  smallest  drop  of  water  from  finding 
its  way  into  the  brass  vessel,  because  on  the  hot  cyanide  coming  in  contact  with  it  an 
explosion  would  occur,  scattering  it  in  every  direction  to  the  great  danger  of  the 
persons  in  the  vicinity.  The  two  ladles  are  to  be  kept  very  hot,  by  being  held  over 
the  fire  until  wanted,  in  order  to  prevents  the  cyanide  from  chilling  until  it  is  poured 
into  the  brass  basin.  The  latter  should  be  about  18  inches  in  diameter  and  l|  deep. 
It  should  be  quite  fiat-bottomed.  The  object  of  so  many  pourings  off  is  to  prevent  any 
of  the  sediment  from  finding  its  way  into  the  product,  and  thus  causing  black  ^ecks 
in  it  The  pot,  on  being  emptied  as  &r  as  convenient,  is  to  have  the  sediment 
removed  and  a  fresh  charge  inserted.  As  soon  as  the  coke  of  cyanide  is  oool,  it  is  to 
be  broken  up  into  moderate-sized  pieces  and  placed  in  dry  and  well  closed  jars. 

The  cyanide  of  potassium  possesses  great  points  of  interest  for  the  technical  and 
theoretical  chemist  It  is  the  salt  from  whicn  an  immense  number  of  compounds  of 
importance  may  be  obtained.  Very  large  quantities  are  made  for  the  purpose  of 
preparing  the  auro-  and  argento-  cyanides  of  potassium  for  the  electro-platers  and 
gilders. 

AwHHiyamde  ofpotaaHum  is  capable  of  being  formed  in  several  ways.  The  follow- 
ing are  convenient  processes.  The  selection  of  a  mode  of  preparing  it  will  depend 
upon  the  circumstances  under  which  the  operation  is  situated.  1.  By  the  batteiy. 
This  process  is  perhaps  the  most  generally  convenient  and  econcnnical  for  the 
electro'gilder.  A  bath  is  prepared  by  dissaving  the  best  commercial  cyanide  of 
potassium  in  good  filtered  or  distilled  water.  The  best  salt  is  that  sold  under  the 
name  of  '  gold  cyanide.'    A  Buiiell's  battery  of  moderate  size  being  charged,  two 

etes  of  gold  are  attached  to  wires  and  connected  with  it  The  larger,  which  is  to 
dissolved,  is  attached  to  the  positive,  and  the  smaller,  which  need  be  but  the  sise 
of  a  flattened  wire,  to  the  negative  pole.  The  action  of  the  battery  is  kept  up  until 
the  desired  amount  is  dissolved.  It  is  easy  to  remove  the  plate  used,  dry  and  -wfOfAx 
it  at  intervals  so  as  to  know  the  proper  time  to  stop  the  operation.  2.  Teroodde 
of  gold  (prepared  with  magnesia)  is  to  be  dissolved  m  a  solution  of  cyanide  of 
potassium. 

Argento-cyawde  of  potassium.  This  solution  is  easily  prepared  for  the  electro- 
plater  by  tiie  following  process.  Metallic  silver  is  dissolved  in  nitaric  acid  and 
the  solution  evaporated  to  dryness.  The  residue  is  dissolved  in  distilled  water 
and  filtered.  To  the  solution  cyanide  of  potassium,  dissolved  in  distilled  water,  is 
added  as  long  as  precipitation  takes  place,  but  no  longer.  The  precipitate  is  filtered 
off  on  calico  strainers,  and  well  washed  with  distilled  water.  It  is  then  to  be  dissolved 
in  solution  of  cyanide  of  potassium  and  diluted  to  the  desired  strength.  The  solution 
is  frequently  dark  coloured  at  first,  but  it  becomes  colourless  in  a  few  hours,  and^ 
should  then  be  filtered  from  a  small  black  precipitate  which  will  be  obtained.  Many 
operators  neglect  the  filtration  and  washing  of  tne  precipitated  cyanide  of  silver,  and 
merely  continue  the  addition  of  the  solution  of  cyanide  of  potassium  to  the  nitrate  of 
silver  until  the  precipitate  at  first  formed  is  re-dissolved.  The  first  method  is 
however  to  be  preferred.  Some,  instead  of  precipitating  with  cyanide  of  potassium, 
do  BO  with  solution  of  common  salt,  and  then,  after  washing  off  the  precipitated 
chloride  of  silver,  dissolve  it  in  cyanide  of  potassium.  Aigento-cyanide  A  potaanum 
can  also  be  prepared  with  the  battery  by  the  process  mentioned  under  auro^^yanide  of 
potassium ;  this  method  is  so  convenient  where  the  proper  apparatus  is  at  hand,  that 
few  professional  electro-platers  would  use  any  other  metnod. 

CTAMTDMB  VBIUtO.    See  Febboctanides. 

CYAMXPm  OV  VOTA88ZUM.    See  Ctanidbs. 

OYAMTMMn    A  name  given  to  CkinoHne  Blue.    See  CmNoum  Blub. 

CTAVZra.  Kyanite  or  Disthene.  A  native  silicate  of  alumina,  occurring 
generally  in  fiattened  prisms  of  a  bluo  colour.  Transparent,  finely-coloured  speci- 
mens have  occasionally  been  cut  and  polished  as  gem-stones,  and  bear  i 
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blance  to  sapphirae ;  the  hardness,  howerer,  is  considerably  less,  It  is  notable  that 
the  hardness  of  cyanite  yaries  in  different  faces  of  the  same  crystal — the  old  name 
Disthene  {lis^  twice ;  a9ivos^  strength),  Ibaying  reference  to  this  unequal  resistance 
which  the  crystal  of^  in  two  different  directions. 

CTAHOOn.  CN  (Cir).  A  compound  salt-radical,  analogous  in  its  character 
to  chlorine  and  the  other  halogens.  It  was  the  first  body  discoyered  possessing  Uie 
characters  of  a  compound  radi^  and  the  inyesti^tions  made  upon  it  and  its  deri- 
yations  haye  thrown  more  light  upon  the  constitution  and  proper  mode  of  classifying 
oiganic  substances  than  any  other  researches  whateyer.  In  consequence  of  its  acting 
in  all  its  compounds  as  if  it  were  a  simple  body  or  element,  chemists  generally  haye 
acquired  the  habit  of  designating  it  by  the  symbol  Cy.  Like  the  haloi&,  it  combines 
with  hydrogen  to  form  an  acid,  and  with  metals,  without  the  necessity  for  the  presence 
of  oxygen.  For  a  few  illustrations  of  its  analogies  wiUi  chlorine,  &».,  see  Hydro- 
CTANicAciD.  In  the  article  Otanidss  seyeralof  the  conditions  under,  which  it  is 
formed  haye  also  been  pointed  out.  The  modem  French  chemists  of  the  school  of 
Gerhardt  yery  justly  regard  cyanogen  in  the  light  of  a  double  molecule,  thus  Gy  Cy, 
or  C*N'.  The  reason  of  this  is  because  most  of  the  phenomena  of  organic  chemistry 
are  more  easily  explained  by  the  use  of  four-yolume  formul»  than  any  others.  This 
latter  mode  of  conaensation  has  been  shown  by  M.  Wurtz,  in  his  admirable  work  on 
the  compound  radicals,  to  undoubtedly  exist  in  the  case  of  radicals  belonging  to  the 
strict  hydrogen  type,  not  as  ethyle  and  its  homolc^es ;  and  numerous  theoretical  and 
experimental  results  are  in  fayour  of  the  supposition  that  all  radicals  in  the  £ree  state 
are  binary  groups. 

If  we  assume  the  truth  of  the  aboye  hypothesis,  we  shall  regard  cyanogen  in  the 
free  state  as  a  cyanide  of  cyanogen,  analogous  to  hydrocyanic  acid,  which  ia  a  cyanide 
of  hydrogen. 

Cyanogen  may  yery  conyeniently  be  prepared  by  heating  cyanide  of  mercury  in  a 
retort  of  hard  glass.  A  considerable  quantity  of  the  gas  is  giyen  oS,  but  a  portion 
remains  behind  in  the  state  of  paracyanogen.  The  latter  substence  is  a  black  matter, 
the  constitution  of  which  is  by  no  means  understood.  It  has,  howeyer,  the  same 
composition  in  the  hundred  parts  as  cyanogen  itself,  and  is  therefore  isomeric  with  it. 

Cyanogen  is  a  colourless  combustible  gas,  with  a  sharp  odour.  Its  density  is  1*81. 
theory  requires  for  two  yolumes  1*80.  If  cooled  to  a  temperature  of  between  — 18^ 
and  —  22°  F.,  it  liquefies  into  a  transparent,  colourless,  and  yory  mobile  fluid,  haying 
a  specific  grayity  of  0*866.  A  little  below  22^  the  fluid  congeals  to  a  mass  resembling 
ice.    The  flame  of  cyanogen  is  of  a  pale  purple  or  peach-blossom  colour. 

Some  of  the  properties  of  cyanogen  are  yery  remarkable,  and  quite  distinct  from 
those  of  the  true  halogens.  For  instance,  it  combines  directly  with  aniline  to  produce 
a  body  haying  basic  properties.  The  latter  is  called  Cyaniline  or  Cyananiline^  and 
is  formed  by  the  coalescence  of  two  molecules  of  cyanogen  with  two  of  aniline,  the 
resulting  formula  being  consequently  C"H'*N*  (C"K**W*).  There  are  a  variety  of 
singular  compounds  produced  by  the  action  of  cyanogen  and  its  halogen  compounds 
upon  aniline ;  they  haye  been  studied  with  remarkable  skill  by  Hofmann. — C.G.W. 

CTAHOSB  or  Cyanotite,    Natiye  sulphate  of  copper. 

CTAWBIO  AXStDm  When  cyanate  of  ammonia  is  heated  it  passes  into  urea ; 
and  urea  by  further  heatbg  may  be  converted  into  ammonia  and  cyanuric  acid.  This 
acid  may  also  be  prepared  by  the  action  of  sulphuric  acid  on  melam.  Cyanuric  acid 
contains  C^H'N'O*  (<J*H»WH>'),  and  at  a  yery  high  temperature  may  te  resolved  into 
three  molecules  of  cyanic  acid. 

CYBJUft  {Cidre,  Fr. ;  Apfelweinf  Ger.) :  the  yinous  fermented  juice  of  the  apple. 
The  ancients  were  acquainted  with  cyder  and  perry,  as  we  learn  from  the  following 
passage  of  Pliny  the  naturalist :  *  Wine  is  made  from  the  Syrian  pod,  from  pears  and 
apples  of  every  kind.'  (Book  xiv.  chap.  19.)  The  term  i^der  or  cidre  in  French,  at 
first  written  «Sn5,  is  derived  from  the  Latin  word  eieerOt  which  denoted  all  other  fer- 
mented liquors,  except  grape-wine.  Cyder  seems  to  have  been  brought  into  Normandy 
by  the  Moors  of  Biscay,  who  had  preserved  the  use  of  it  after  coming  into  that  country 
from  Africa.  It  was  afterwards  spread  through  some  other  provinces  of  France, 
whence  it  was  introduced  into  England,  Germany,  and  Bussia.  It  is  supposed  that 
the  first  growths  of  Normandy  aSbrd  still  the  best  specimens  of  cyder.  JDevonshire 
and  Herefordshire  are  the  counties  of  England  most  famous  for  this  beverage. 

Strong  and  somewhat  elevated  ground,  rather  dry,  and  not  exposed  to  the  air  of  the 
sea,  or  to  high  winds,  are  the  best  situations  for  the  growth  of  the  cyder  apple.  The 
fruit  should  be  gathered  in  dry  weather.  The  juice  of  apples  is  composed  of  a  great 
deal  of  water ;  a  little  sugar  analogous  to  that  of  the  grape ;  a  matter  capable  of 
causing  fermentation  4nth  ( ontact  of  air ;  a  pretty  large  proportion  of  mucilfl«;e,  with 
malic  acid,  acetic  acid,  and  an  azotised  matter  in  a  very  small  quantity.  The  seeds 
contain  a  bitter  substance  and  a  little  essential  oil;  the  pure  parenchyma  or  cellular 
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membrane  constitutes  not  more  than  two  per  cent  of  the  whole.  After  the  apples 
are  gathered,  they  are  left  in  the  barn-loft  for  fift^n  days  or  n^wards  to  mellow ; 
some  of  them  in  this  case,  however,  become  soft  and  brown.  This  degree  of  matu- 
ration diminishes  their  mucilage,  and  deyelopes  alcohol  and  carbonic  add ;  in  conse- 
quence of  which  the  cyder  sufiers  no  injury.  There  is  always,  however,  a  little  loss ; 
and  if  this  ripening  goes  a  little  further  it  is  very  apt  to  do  harm,  notwithstanding 
the  vulgar  prejudi^  of  the  country  people  to  the  contrary.  Too  mudi  care,  indeed, 
cannot  be  taken  to  separate  the  sound  from  the  spoiled  apples ;  for  the  latter  merely 
furnish  an  add  leaven,  ^ving  a  disagreeable  taste  to  the  juice,  and  hinder  the  cyder 
from  fining,  by  leaving  m  it  a  certain  portion  of  the  parenchyma,  which  the  gelatinous 
matter  or  the  fermentation  has  difiused  through  it.  Unripe  apples  should  be  sepa- 
rated from  the  ripe  also^  for  they  possess  too  little  saccharum  to  be  properly  suscep- 
tible of  the  vinous  fermentation. 

Where  cyder-making  is  sdentifically  practised,  it  is  prepared  by  crushing  the 
apples  in  a  mill  with  revolving  edge-stones,  turned  in  a  circular  stone  dstem  by  one 
or  two  horses.  When  the  firuit  is  half  mashed,  about  one  fifth  of  its  weight  of  river 
water  is  added. 

In  some  places  a  mill  composed  of  two  cast-iron  fluted  cylinders  placed  parallel  to 
each  other  under  the  bottom  of  a  hopper,  is  employed  for  crushing  the  apples.  One 
of  the  cylinders  is  turned  by  a  winch,  and  communicates  its  motion  in  the  opposite 
direction  by  means  of  the  fiutings  working  into  each  other.  Each  portion  of  the 
fruit  must  be  passed  thrice  through  this  rudri  mill  in  order  to  be  sufSciently  mashed ; 
and  the  same  quantity  of  water  must  be  added  as  in  the  edge-stone  null. 

After  the  apples  are  crushed  they  are  usually  put  into  a  large  tub  or  tun  for  12  or 
24  hours.  This  steeping  aids  the  separation  of  the  j  nice,  because  the  fermentative 
motion  which  takes  place  in  the  mass  breaks  down  the  cellular  membranes ;  but  there 
is  always  a  loss  of  alcohol  carried  off  by  the  carbonic  add  disengaged,  while  the  skins 
and  seeds  develope  a  disagreeable  taste  in  the  liquid.  'Jlie  vatting  might  be  sup- 
pressed if  the  apples  were  so  comminuted  as  to  give  out  their  juice  more  rradily. 

After  the  vatUnp^,  the  mashed  fruit  is  carried  to  the  press  and  put  upon  a  square 
wicker  frame  or  into  a  hair  bag,  sometimes  between  lavers  of  straw,  and  exposed 
stratum  above  stratum  to  strong  pressure  till  what  is  called  a  cheese  or  cake  b  formed. 
The  mass  is  to  be  allowed  to  drain  for  some  time  before  applying  pressure,  which 
oug^t  to  be  very  gradually  increased.  The  juice  which  exudes  with  the  least 
pressure  affords  uie  best  cyder;  that  which  fiows  towards  the  end  acquires  a  dis- 
agreeable taste  from  the  seeds  and  the  skins.  The  must  is  put  into  casks  with  laige 
bimgholes,  where  it  soon  begins  to  exhibit  a  tumultuous  fermentation.  The  cade 
must  be  completely  filled,  in  order  that  all  the  light  bodies  suspended  in  the  liquid 
when  fioated  to  the  top  by  the  carbonic  add  may  flow  over  with  the  froth ;  this 
means  of  dearinff  cyder  is  particularly  necessai^  with  the  weak  kinds,  because  it 
cannot  be  expected  that  these  matters  in  suspension  will  fall  to  the  bottom  of  the 
casks  after  the  motion  has  ceased.  In  almost  every  circumstance  besides,  when  no 
saccharine  matter  has  been  added  to  the  must,  that  kind  of  yeast  whidi  rises  to  the 
top  must  be  separated,  lest  by  predpitation  it  may  exdte  an  acid  fermentation  in  the 
cyder.  The  casks  are  raised  upon  gauntrees  or  stillions,  in  order  to  {dace  flat  tubs 
beloV  them  to  receive  the  liquor  which  flows  over  with  the  froth..  At  the  end  of  2 
or  3  days  for  weak  cyders,  wnich  are  to  be  drunk  som^hat  sweet,  of  6  or  10  days 
or  more  for  stronger  cyders,  with  variations  for  the  state  of  the  weather,  the  fermen- 
tation will  be  sufficiently  advanced,  and  the  cyder  may  be  racked  off  into  other  casks. 
Spirit  puncheons  preserve  cyder  better  than  any  other,  but  in  all  cases  the  casks 
should  be  well  seasoned  and  washed.  Sometimes  a  sulphur  match  is  burned  in  them 
before  introducing  the  cyder,  a  precaution  to  be  generally  recommended,  as  it  suspends 
the  activity  of  the  fermentation,  and  prevents  the  formation  of  vinegar. 

The  cyder  procured  by  the  first  expression  is  called  cyder  widiout  water.  The 
cake  remaining  in  the  press  is  taken  out,  divided  into  small  pieces,' and  mashed  anew, 
adding  about  half  the  weight  of  water,  when  the  whole  is  carried  back  to  the  press, 
and  treated  as  above  described.  The  liquor  thus  obtained  furnishes  a  weaker  cyder 
which  will  not  keep,  and  therefore  must  be  drunk  soon. 

The  cake  is  once  more  mashed  up  with  water,  and  squeezed,  when  it  yields  a 
liquor  which  may  be  used  instead  of  water  for  moistening  f^h  ground  apples. 

The  processes  above  described,  although  they  have  b^n  long  practised,  and  havo 
therefore  the  stamp  of  ancestral  wisdom,  are  extremely  defective.  Were  the  apples 
ground  with  a  proper  rotatory  rasp  whidi  would  tear  all  their  cells  asunder,  and  the 
mash  put  through  the  hydraulic  press  in  bags  between  hurdles  of  wicker-work,  the 
juice  would  be  obtained  in  a  state  of  perfection  fit  to  make  a  cyder  superior  to  many 
wines.  An  experimental  process  of  tnis  kind  has  been  actually  executed  in  France 
upon  a  considerable  scale,  with  the  best  results.    The  juice  had  the  fine  flavour  of  the 
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Apple,  was  fermented  hj  itself  'vnthont  an j  preyions  fermeDtation  in  the  mash,  and 
afforded  an  excellent  strong  cyder,  which  kept  welL 

When  the  must  of  the  apples  is  weak  or  sonr,  good  cyder  cannot  be  made  from  it 
without  the  addition  of  some  saccharine  matter.  The  syrup  into  which  potato  farina 
is  convertible  by  diastate  (saccharine  ferment,  see  Stabch  and  Suoab),  would  answer 
well  for  enriching  poor  apple  juice. 

The  value  of  apples  to  produce  this  beverage  of  good  quality  is  proportionate  to  the 
specific  gravity  of  their  juice.  M.  Couverchel  has  given  the  following  table,  illus- 
trative of  that  proposition :  water  being  1000 : — 

Juice  of  the  green  renette,  queen  apple  (reinetie  verU)  has  a  spec  grar.     1004 
„         English  renette  .  .  .  n         »  1080 


Bed  renette 
Musk  renette  . 
Fouillet  rtn/i  . 
Orange  apple  • 
Benette  of  Caux 


1072 
1069 
1064 
1063 
1060 


Cyder  apples  may  be  distributed  into  three  classes :  the  sweet,  the  bitter,  and  the 
sour.  The  second  are  the  best ;  they  a£R>rd  a  denser  juice,  richer  in  sugar,  which 
clarifies  well,  and  when  fermented  keeps  a  long  time ;  the  juice  of  sweet  apples  is 
difficult  to  clarify ;  but  that  of  the  sour  ones  makes  bad  cyder.  Late  apples  are  in 
general  to  be  preferred.  With  regard  to  the  proper  soil  for  raising  apple-trees,  the 
reader  may  consult  with  advantage  an  able  essay  upon  '  The  Cultivation  of  Orchards 
and  the  M^ng  of  Cyder  and  rerry,*  by  Frederick  Falkner,  Esq.,  in  the  fourth 
volume  of  the  *  Royal  Agricultural  JournaL'  He  adverts  judiciously  to  the  necessity 
of  the  presence  of  alkaline  and  earthy  bases  in  the  soils  of  all  deciduous  trees,  and 
especially  of  such  as  produce  acid  fruits. 

omXHTB.  C^B}*  (0>*B")-  A  hydrocarbon  obtained  from  the  essential  oil 
of  cumin  (Cwnmum  evmnum\  and  from  other  sources.  Thus  it  may  be  prepared  by 
the  action  of  either  chloride  of  zinc  or  pentachloride  of  phosphorus  on  camphor  or  on 
myrisUcol.  The  varieties  of  cymene  have  been  lately  studied  by  Dr.  Wright  (Joum. 
Chem.  8oc,,  July  1873,  p.  686). 

CTMO&S.  C>'Hi«  (0>iB»).  i%ii.  Camphogen.  A  hydrocarbon  found  in  oil 
of  cumin  and  in  coal  naphtha.    See  Cabbubbttrd  Htbboobn. 

cmOPKAWB.  A  variety  of  Chiysobei^l,  which  exhibits  a  peculiar  milky  or 
opalescent  appearance.  When  cut  en  cdboehtm^  it  shows  a  white  floating  band  of  light, 
and  is  much  prised  as  a  ring  stone.    See  Chrysobmetl. 

cmnra.  A  pale  blue  mineral  coloured  by  copper,  now  considered  to  be  a 
variety  of  idocrase.    It  occurs  at  Tellemark  in  Norway. 

An  alkaloid  obtained  from  the  laburnum  {fiiftum  labwnmm). 
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